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LEHER  OF  TRANSMIHAL 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Division  of  Hydrography, 
Washingtim,  D,  a,  May  1,  1903. 
Sir:  I  have  the  honor  to  transmit  herewith  Water-Supply  Paper 
No.  83,  which  is  Part  II  of  the  Progress  Report  of  Stream  Measure- 
ments for  1902.  This  paper,  with  Water-Supply  Paper  No.  82,  Part 
I,  of  the  above  report,  makes  up  the  report  for  the  territory  east  of 
the  Mississippi.  The  report  for  the  territory  west  of  the  Mississippi 
will  follow  in  Water-Supply  Papers  Nos.  84  and  85. 

These  papers  contain  for  the  various  gaging  stations  the  original 
data  as  collected  and  the  results  obtained  from  the  discussion  of  these 
data;  also  such  other  information  as  is  of  interest  in  hydrographic 
studies. 

Very  respectfully, 

F.  H.  Newell, 
Ihldvoijrupher  in  Ch/trye. 
Hon.  Charles  D.  Walcott, 

Director*  United  States  Geological  Surrey, 
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PROGRESS  REPORT  OF  STREAM  MEASURE 
MENTS  FOR  THE  CALENDAR  YEAR  1902. 

I>A.IIT  II. 


Bv  F.  H.  Newell 


rNTR(JDU(JTION. 

This  paper  completes  the  Progress  Report  of  Stream  Measurements 
for  the  territory  lying  east  of  the  Mississippi  River,  and  with  Water- 
Supply  Paper  No.  82  makes  up  the  complete  report  for  this  section. 
The  material  in  the^e  papers  consists  of  both  the  original  data  as  col- 
lected, and  the  results  obtained  from  the  discussion  of  these  data;  also 
brief  descriptions  and  facts  regarding  such  other  subjects  as  are  allied 
to  h3^drographic  studies.  For  convenience  in  arrangement  the  data  in 
thiij  paper  have  been  grouped  by  drainage  areas.  These  are  ari-anged 
in  the  report  geogi*aphically  as  follows:  From  north  to  south  for 
those  areas  which  drain  into  the  vsouthern  Atlantic;  from  east  to  west 
for  those  that  drain  into  the  eastern  Gulf  of  Mexico;  from  north  to 
south  for  those  draining  into  the  Mississippi,  and  from  east  to  west 
for  those  draining  into  the  Great  Lakes. 

On  figs.  1  and  2  the  relativ^e  location  of  the  stations  at  which  the 
United  States  Geological  Survey  is  collecting  hydrographic  data  is 
shown.  The  section  west  of  the  shaded  line  shows  those  States  which 
are  covered  by  the  national  irrigation  act  of  June  17,  1902,  and  the 
cross-lined  areas  show  the  location  of  the  principal  irrigation  projects 
which  are  now  under  investigation. 

In  collecting  hydrographic  data  the  Geological  Survey  has  received 
the  hearty  cooperation  of  various  individuals,  corporations,  and  States, 
as  mentioned  hereafter.  .  This  coopei-ation  has  made  possible  the  pub- 
lication of  many  valuable  records  which  could  not  otherwise  have  been 
obtained. 

A  brief  historical  sketch  of  the  stream  measurements  made  by  the 
Geological  Survey  is  published  on  pages  11-15  of  Water-Supply  Paper 

No.  76. 

The  results  of  the  stream  measurements  made  during  past  years  by 
the  United  States  Geological  Survey  can  be  found  in  the  following 
publications,  which  may  be  consulted  at  the  public  libmries  in  most 
of  our  cities: 

^^^^•iBulletin  No.  131. 
1894./ 
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[NO.  83. 


1895.  Bulletin  No.  140. 

1896.  Water-supply  Paper  No.  11,  Part  IV  of  the  Eighteenth  Ajinual  Report. 

1897.  Water-Supply  Papers  Nob.  15  and  16,  Part  IV  of  the  Nineteenth  Ajinual 

Report. 

1898.  Water-Supply  Papers  Nos.  27  and  28,  Part  IV  of  the  Twentieth  Annual 

Report. 


Flu.  1. — L(K*ati()u  of  river  sttitiouK  and  principal  irrigation  projects  in  western  half  of  United  States, 
1902-1903. 

1899.  Water-Supply  Papers  Noe.  35  to  39,  inclusive,  Part  IV  of  the  Twenty- 

first  Annual  Report. 

1900.  Water-Supply  Papers  Nos.  47  to  52,  inclusive.  Part  IV  of  the  Twenty- 

second  Annual  Report. 

1901.  Water-Supply  Papers  Nos.  65,  66,  and  75. 

1902.  Water-Supply  Papers  Nos.  82  to  85,  inclusive. 
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Maryland:  Resident  hydrographer,  E.  G.  Paul. 

Virginia:  Resident  hydrographere,  Prof.  D.  C.   Humphreys  and  E.   W.   MyerH, 
assisted  by  B.  S.  Drane. 

North  Carolina,  South  Carolina,  Georgia,  Alabama,  Mississippi,  and  Tennessee: 
Resident  hydrographers,  Prof.  B.  M.  Hall  and  Maxcy  R.  Hall.    Thanks  are  also  due 
to  the  following  individuals  and  corporations:  Prof.  W.  S.  Yates,  State  geolo^rist 
of  Georgia;  for  paying  the  salaries  of  observers  at  Bamett  Shoals,  Buckhead,  Cov- 
ington, Gainesville,  Carters,  Blueridge,  and  Canton,  Ga.;   Dr.  Eugene  A.  Smith, 
State  geologist  of  Alabama,  for  the  salaries  of  obserN'ers  at  Sturdevant,  Alexander, 
Nottingham,  Riverside,  Centerville,  Cordova,  and  Milstead,  Ala. ;  the  city  of  Augusta, 
Ga.,  for  gage  heights  at  that  place.    The  following  Weather  Bureau  officials  have 
furnished  gage  heights  for  the  Weather  Bureau  stations,  as  noted  in  the  descriptiona 
of  stations:  D.  Fisher,  Augusta,  Ga. ;  J.  B.  Marbury,  Atlanta,  Ga. ;  John  R.  Weeks, 
Macon,  Ga.;  F.  P.  Chaffee,  Montgomery,  Ala.;  W.  M.  Dudley,  Mobile,  Ala.;  W.  S. 
Belden,  Vicksburg,  Miss.;  L.  M.  Pindell,  Chattanooga,  Tenn.;  H.  C.  Bate,  Nash- 
ville, Tenn.     R.  C.  McCalla,  V.  S.  assistant  engineer,  has  furnished  gage  heights  at 
Tuscaloosa,  Cordova,  and  Palos,  Ala.     Transportation  has  been  furnished  through 
the  kindness  of  J.  S.  B.  Thompson,  general  agent  of  the  Southern  Railway;  by 
Capt.  E.  Berkeley,  superintendent  of  the  third  division  of  the  Seaboard  Air  line; 
by  Thomas  K.  Scott,  general  manager  of  the  Georgia  Railroad;  by  James  T.  Wright, 
vice-president  and  general  manager  of  the  Macon,  Dublin  and  Savannah  Railroad; 
by  John  M.  Egan,  president  of  the  Central  of  Georgia  Railway;  by  John  B.  Newton, 
general  manager  of  the  Atlanta,  Knoxville  and  Northern  Railway;  by  W.  B.  Den- 
ham,  general  superintendent  of  the  Plant  System;  by   Hunter  McDonald,   chief 
engineer  of  the  Nash\'ille,  Chattanooga  and  St.  Louis  Railway;  and  by  W.  J.  Murphy, 
general  manager  of  the  Queen  and  Crescent  Route. 

The  stations  at  Fayetteville,  Bnmt,  Catawba,  Cumnock,  Murphy,  Judson,  Neal, 
Bryson,  and  Salisbury,  N.  C;  Alston,  Rockhill,  and  Waterloo,  S.  C;  and  Bluff  City, 
Oldtown,  and  Newport,  Tenn.,  were  under  the  care  of  resident  hydrographer  E.  AV. 
Myers,  assisted  by  B.  S.  Drane.  Mr.  Myers  also  prepared  the  report  on  the  Cape 
Fear  drainage  basin. 

West  Virginia:  Resident  hydrographer.  Prof.  D.  C.  Humphreys. 

Ohio:  Measurements  in  this  State  were  mostly  made  by  the  late  Benjamin  H. 
Flynn,  engineer  of  the  state  board  of  health.  He  was  assisted  by  the  engineering 
department  of  the  Ohio  State  University,  and  valuable  suggestions  were  given  by 
William  B.  Gerrish,  M.  Am.  Soc.  C.  E.,  of  Oberlin. 

Indiana:  The  gage  heights  of  Lafayette  River  at  Terre  Haute  have  been  furnished 
by  D.  M.  Raul>arger.  Prof.  George  E.  W^aesche,  of  Purdue  University,  has  furnished 
the  data  for  I^fayette. 

Illinois:  Field  assistant,  E.  H.  Heilbron.  Thanks  are  also  due  to  the  following 
gentlemen  for  suggestions  and  assistance:  Isham  Randolph,  chief  engineer,  and 
George  W.  Wisner,  assistant  chief  engineer,  sanitary  district  of  Chicago;  L.  E.  and 
E.  L.  Cooley,  of  Chicago;  and  Jacob  A.  Harman,  of  Peoria. 

Wisconsin:  The  hydrographic  work  in  this  State  has  been  carried  on  in  cooperation 
with  the  Wisconsin  geological  and  natural  history  survey,  of  which  E.  A.  Birge  is 
director  and  superintendent.  Prof.  L.  S.  Smith,  engineer  of  the  above  survey,  has 
had  general  charge  of  the  hydrographic  work,  which  has  been  performed  by  L.  R. 
Stockman. 

Michigan:  R.  E.  Horton,  resident  hydrographer.  Acknowledgment  should  be 
made  to  the  following  individuals  and  corporations  for  services  rendered  and  data 
furnished:  L.  W.  Anderson,  city  engineer.  Grand  Rapids;  Prof.  H.  K.  Vedder,  agricul- 
tural college;  Newaygo  Portland  Cement  Co.,  Newaygo;  Fletcher  Paper  Co.,  Alpena; 
Cleveland-Cliffs  Iron  Co.,  Negaunee;  J.  M.  Longyear,  Marquette;  Hugh  H.  Hos- 
ford,  Buchannan;  F.  W.  McCoy,  Mendon;  Dr.  A.  C.  Lane,  state  geologist,  Lansing; 
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I'.  IVI.  Warner,  necretary  of  state,  Lansing;  Kalauazoo  Electric  Company,  Kala- 
mazoo; H.  M.  Louds  Sons  Co.,  Oscoda;  Frank  Drake,  chief  engineer  of  the  Oliver 
Iron  Co.,  Duluth,  Minn. 

Acknowledgments  are  also  due  to  John  C.  Hoy  t,  George  L.  Warner, 
H-  G.  Stokes,  and  Frank  H.  Brundage,  for  computations  on  and  the 
arrangement  of  data  of  this  report. 

SOUTHERN  ATLANTIC  COAST  DRAINAGE. 

Systematic  measurements  of  discharge  of  many  of  the  larger  rivers 
of  the  Southern  Atlantic  States  have  been  made  during  the  year. 
The  drainage  areas  of  the  rivers  in  that  region  are  in  general  similar. 
Most  of  the  streams  rise  in  the  southern  Appalachian  Mountains  or 
their  foothills.  In  the  upper  part  of  their  courses  they  are  rapid, 
with  considerable  fall.  Across  the  Piedmont  Plain  their  vallevs  are 
wide  and  their  flow  in  general  is  sluggish,  with  occasional  falls  over 
rocky  beds.  Many  of  them  have  falls  that  could  be  utilized  for  water 
power,  and  it  is  largely  to  that  end  that  data  of  the  flow  are  being 
collected.  In  the  study  of  water  power  it  is  important  to  know  the 
flow  and  the  fall.  The  fall  can  readily  be  deteniiined  by  an  engineer, 
but  the  variations  in  flow  often  require  long  and  careful  study.  Gag- 
ing stations,  to  determine  the  latter,  have  been  established  on  nearly 
all  the  larger  streams  in  the  region,  and  it  is  hoped  that  in  the  near 
future  our  information  of  their  fall  will  be  extended. 

In  this  report  the  areas  in  this  sec'-tion  from  which  data  have  been 
received  during  1902  have  been  grouped  as  follows,  and  arranged 
geographically  from  north  to  south: 

Roanoke,  Cape  Fear,  Pedee  or  Yadkin,  Santee,  Savannah,  and  Alta- 
maha  rivers. 

ROAKOKE  RIVER  DRAINAGE  BASII^. 

Roanoke  River,  draining  a  total  area  of  about  9,200  square  miles 
above  its  mouth,  empties  into  Albemarle  Sound  a  short  distance  below 
Plymouth,  N.  C,  and  is  navigable  at  all  stages  as  far  upstream  as 
Weldon,  N.  C,  where  the  river  crosses  the  fall  line,  a  distance  of  120 
miles. 

The  Roanoke  proper  is  formed  by  the  confluence  of  the  Dan  and 
Staunton  rivers,  at  Clarksville,  Mecklenburg  County,  Va.,  185  miles 
above  the  mouth  of  the  stream,  though  the  name  '* Roanoke"  is  also 
applied  to  the  upper  waters  of  Staunton  River.  These  streams  drain 
respectively  3,798  square  miles  and  3,546  square  miles.  The  United 
States  Weather  Bureau  maintains  a  gage  at  Clarksville,  and  gaging 
stations  on  both  streams  were  also  maintained  here  by  the  Geological 
Survey  for  some  years. 

Of  these  streams  the  Staunton  is  the  more  northerly,  its  drainage 
basin  lying  entirely  in  Virginia.     It  rises  among  the  eastern  foothills 


16  STREAM   MEASUREMENTS    IN   1902,   PART   II.  [no.  83. 

of  the  Blue  Rid^e  to  the  southwestward  of  Roanoke  and  Salem,  being 
known  in  this  part  of  itn  course  as  the  Roanoke,  and  flows  at  first 
toward  the  northeast,  then  to  the  southeast,  and  through  Montgomery, 
Roanoke,  Bedford,  Campbell,  Halifax,  and  Mecklenburg  counties  to 
the  junction  with  the  Dan. 

A  large  part  of  the  area  drained  by  the  Dan  lies  in  North  Carolina. 
The  stream  rises  in  Surry  County,  N.  C,  and  in  Patrick  County,  Va., 
and  flows  at  first  to  the  southeast,  through  Stokes  County,  N.  C,  then 
turns  to  the  northeast  through  Rockingham  and  Caswell  counties, 
N.  C,  and  through  Pittsylvania,  Halifax,  and  Mecklenburg  counties, 
Va.,  to  the  junction  with  the  Staunton. 

The  average  rainfall  on  the  basin  of  the  Roanoke  above  the  fall  line 
is  a}x)ut  48  inches  per  annum.  The  average  amount  probably  increases 
slightly  as  the  stream  is  ascended,  though  the  records  of  rainfall  over 
the  basin  are  too  incomplete  as  yet  to  decide  this  matter.  The  amount 
of  rainfall  is  quite  evenly  distributed  throughout  the  seasons.  This 
results  in  a  variable  flow,  since  it  is  probable  that  the  evaporation  over 
the  basin  is  comparatively  large. 

The  freshets  on  the  river  are  violent,  and  the  fluctuations  of  height 
occur  with  great  rapidity.  Rise«  of  50  feet  and  over  have  been  noted 
at  Weldon,  and  freshets  in  which  the  rate  of  rise  is  10  feet  a  da}'^  or 
more  are  frequent. 

The  maximum  recorded  flood  at  the  gaging  station  at  Netil  occurred 
in  May,  1901,  the  gage  reading  being  30.3  feet,  and  the  estimated  dis- 
charge 84,400  second-feet,  equivalent  to  about  9.7  second-feet  per 
square  mile.  The  minimum  flow  recorded  at  this  station  was  1,380 
second-feet,  or  about  0. 16  second-foot  per  square  mile.  The  maximum 
flow  is  thus  about  61  times  the  minimum. 

The  maximum  flow  so  far  recorded  for  the  station  on  the  Dan  River 
at  South  Boston,  Va.,  is  51,200  second- feet,  or  about  18  second-feet 
per  square  mile,  while  the  greatest  flood  on  the  Staunton  during  the 
same  period  at  the  station  at  Randolph  was  75,100  second-feet,  equiva- 
lent to  about  21  second-feet  per  square  mile  of  drainage  area  above 
the  station. 

Gaging  stations  \vere  maintained  b}-  the  United  States  Geological 
Survey  during  1902,  under  the  direction  of  E.  W.  M^^ers  and  D.  C. 
Humphreys,  on  the  Roanoke  River  proper  at  Neal,  near  Kelford,  N.  C. , 
on  the  Roanoke  (upper  portion  of  the  Staunton)  at  Roanoke,  Va.,  on 
the  Dan  at  South  Boston,  Va.,  and  on  the  Staunton  at  Randolph,  Va. 

ROANOKE    RIVER   AT   NEAL,  N.  C. 

This  station  was  established  on  July  27, 1896,  and  is  on  the  Norfolk 
and  Carolina  Railroad  bridge  at  Neal,  near  Kelford,  N.  C. 

The  zero  of  the  gage  rod  is  over  the  center  of  the  fourth  floor  beam 
of  the  second  span  from  the  north  end  of  the  bridge.     The  distance 
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from  the  zero  of  the  rod  to  the  outer  rim  of  the  pulley  is  2.47  feet,  and 
the  distance  from  the  end  of  the  weight  to  the  pointer  on  the  wire  is 
44.66  feet. 

The  section  is  a  fairiy  good  one,  the  course  of  the  river  being  straight 
for  some  distance  above  and  below  the  station  and  the  bottom  smooth. 
Being  muddy,  however,  the  bed  is  apt  to  cut  out  in  seasons  of  high 
water,  and  both  banks  are  subject  to  overflow.  The  observer  Is  the 
bridge  watchman,  W.  M.  Adams,  of  Neal,  N.  C. 

The  following  discharge  measurements  were  made  during  1902  by 
J.  S.  Henderson  and  B.  S.  Drane: 

May  9:  Gage  height,  9.9  feet;  discharge,  12,612  second-feet. 
July  14:  Gage  height,  5.4  feet;  discharge,  5,805  second-feet. 
Auf^st  20:  Gage  height,  6.2  feet;  discharge,  4,497  second-feet. 
October  15:  Gage  height,  16.9  feet;  discharge,  13,579  second-feet 

Dailij  gage  height ,  in  feet y  of  Roanoke  River  at  NeaJ,  N.  C. 


Day 


1902. 


1. 
2. 
3. 
4. 
5. 
6. 


Jan.      Feb. 


Mar.      Apr. 


4  . 

s. 

9. 
10. 
11. 
12. 
13 
14. 
15. 
16. 
17 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


24. 45     16. 30 

27.60  I  17.20 

29.  a5     21. 70 

28.15     23.05 

25.90  I  24.10 

23.50  '  24.20 

20.70     22.90 

IS.a'S  I  20.40 

16.00     18.10 

14.50  ,  16.10 

13.30  I  14.30 

12.30  1  12.60 

11.40  ,  11.50 

10. 50     10. 70 

9.50  I  10.00 

8.50       9.50 

7.85       9.10 

7.90       9.00 

8.00  I    9.10 

7.95       9.00 

7.50       8.60 

9. 40     10. 50 

15.80     13.20 

17.00     17.20 

16.40     19.80 

14.10     22.20 

12. 40     23. 65 

12.00     25.65 

11.70  ' 

13.90 ; 

16.00  , 


27.50 

28.10 

27.80 

I  27.75 

■  26.60 

I  24.80 

23.70 

^  22.70 

1  21.30 

19.50 

18.30 

17.30 

16.00 

14.90 

14.00 

13. 10 

12.60 

i  13.50 

I  20.10 

19.80 

I  17.80 

15.80 

14.50 

,  13.40 

12.60 

I  11.80 

I  11.10 

10.50 

10.10 

12.50 

19.00 


I  20.70 

19.30 

17.00 

14.90 

13.60 

I  12.50 

,  12.00 

12.20 

17.50 

19.90 

20.00 

j  18.60 

16.30 

i  14.50 

I  13.20 

12.30 

'  11.60 

,  11.20 

10.90 

'  10.60 

10.30 

9.80 

9.30 

9.05 

I    8.60 

8.30 

8.00 

7.70 

7.50 

I    7.50 


May. 


10.00 

11.20 

10.00 

9.65 

11.70 

11.80 

11.45 

9. 45 

9.60 

10.50 

10.40 

9.75 

7.80 

7.00 

6.60 

6.50 

6.80 

7.40 

10.90 

10.90 

9.70 

9.30 

8.70 

7.60 

6.50 

5.90 

6.10 

6.60 

6.45 

6.10 

5.60 


June.    July.    Aug.  Sept. 


5.30 
4.80 
4.50 
4.30 
4,20 
4.00 
3.80 
3.80 
3.80 
3.80 
3.80 
3.90 
3.70 
3.50 
3.20 
3.40 
3.70  ', 
18.25  j 
21.60  ' 
20.80  I 
16.90 
13.80  ' 
11.25 
8  65 
6.90  I 
6.00  ' 
5.10  I 
4.90 
5.60 
5.70 


6.60 
7.30 
6.60 
6.20 
5.50 
4.60 
3.75 
8.20 
4.30 
5.90 
5.40 
5.10 
6.55 
*6.10 
4.70 
8.80 
3.30 
3.00 
2.80 
2.40 
2.20 
2.00 
2.20 
2.00 
2.30 
2,40 
2.a5 
2.20 
1.80 
1.70 
1.80 


3.10 
4.30 
4.60 
5.30 
5.10 
4.50 
3.80 
3.20 
3.00 
3.20 
3.30 
3.10 

(") 


6.83 
I  5.00 
'  3.85 

3.40 
■  3.00 

8.80 
'  3.30 

3.10 

3.00 
I  3.20 

3.40 

2.90 


2.60 
2.70 
2.40 
2.90 
4.00 
6.00 
5.60 
5.35 
;  4.60 
3.90 
5.30 
6.60 
5.25 
4.50 
4.00 
3.40 
2.85 
2.55 
2.40 
2.30 
2.20 
2.20 
2.30 
2.30 
2.30 
2.40 
2.50 
2.50 
3.80 
6.10 


Oct.      Nov.  '  Doc. 


6.30 

6.00 

6.00 

6.80 

6.30 

5.20 

17.60 

23.02 

23.65 

21.65 

19.00 

14.90 

15.00 

18.00 

17.30 

13.90 

11.10 

19.00 

7.40 

6.30 

6.65 

5.10 

4.70  i 

4.50  I 

4.30 

4.20  I 

4.00 

3.90  ^ 

4.C0  I 

9.7.')  ! 

11.20 


9.50 
7.70 
6.20 
5.30 
4.90 
4.70 
4.40 
4.40 
5.30 
5.75 
5.80 
5.30 
4.90 
4.60 
4.40 
4.30 
4.20 
4.10 
4.30 
4.70 
13.30 
13.20 
10.70 
8.60 
7.20 
6.95 
7.80 
13.60 
15.00 
13.20 


11.60 
12.50 
16.50 
20.00 
22.50 
22.70 
23.15 
23.45 
22.00 
19.35 
16.90 
14.80 
13.05 
12.10 
12.00 
12.70 
12.30 
12.80. 
17.46 
18.30 
16. 10 
14.20 
17.00 
18.40 
18.80 
16.10 
13.90 
12.30 
10.90 
9.40 
8.85 


a  Gage  wire  broken  August  13  to  19. 
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Rating  teible  for  Roanoke  River  ai  Neal,  N.  C,  for  190S. 


Gage 
telRDt. 


heig 


Feel. 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 
2.2 
2.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3.6 
3.8 


Dischaige. 


Secxmdrfeel. 
1,920 
2,050 
2,180 
2,310 
2,440 
2,580 
2,720 
2,860 
3,000 
3,140 
3,280 
3,420 
3.560 
3,700 
3,840 


Oafe 
height. 


4.0 
4.2 
4.4 
4.6 
4.8 
5.0 
5.2 
5.4 
5.6 
5.8 
6.0 
6.2 
6.4 
6.6 
6.8 


Discharge. 


Secondr/eet. 
3,980 
4,120 
4,260 
4,400 
4,540 
.  4,680 
4,830 
4,980 
5,130 
5,280 
5,430 
5,590 
5,750 
5,910 
6,070 


Gage 

leiffht. 


heigi 


Discharge. 


Feet. 

7.0 

7.2 

7.4 

7.6 

7.8 

8.0 

8.5 

9.0 

9.5 

10.0 

10.5 

11.0 

11.5 

12.0 

12.5 


Secondr/eet. 

6,230 

6,420 

6,610 

6,800 

7,000 

7,200 

7,700 

8,200 

8,730 

9,280 

9,830 

10,380 

10, 955 

11,530 

12,130 


Gage 
height 


F\fet. 
13.0 
13.5 
14.0 
14.5 
15.0 
15.5 
16.0 
16.5 
17.0 
17.5 
18.0 
19.0 
20.0 
25.0 
30.0 


Dlschaige. 

Seeond-/eet. 
12,730 
13,380 
14,030 
14,730 
15,430 
16,180 
16,930 
17,730 
18,530 
19,405 
20,280 
22,130 
24,230 
46,500 
82,000 


Estimated  monthly  discharge  of  Roanoke  River  at  Neal,  N.  C. 
[Drainage  area,  8,717  square  miles.] 


Dfschaige  in  second-feet. 


Run-off. 


Month. 


1902. 

January  

February 

March 

April 

May 

June 

July 

August  1  to  12  and  20  to  31 

September 

October 

November 

December 


Maximum. 


80,800 
50,202 
67,250 
25,910 
11,300 
28,650 
6,515 


5,910 
39, 075 
15,430 
37, 975 


Minimum. 


Mean. 


6,705 
7,800 
9,390 
6,705 
5,130 
3,420 
2,375 


2,720 
3,910 
4,050 
8,050 


21,294 

20,529 

26, 139 

13,258 

7,965 

7,493 

3,916 

«  3, 833 

3,703 

11,793 

6,795 

18,288 


Second- 
feet  per 
square 
mile. 


I 


2.44 

2.36 

3.00 

1.52 

.91 

.86 

.45 

«.44 

.42 

1.35 

.78 

2.10 


Depth  in 
inches. 


2.81 
2.46 
3.4« 
1  70 
1.05 

.96 

.52 
«.39 

.47 
1.56 

.87 
2.42 


o  Partial  month. 
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DAN   RIVEK  AT  SOUTH   BOSTON,  VA. 

This  station,  which  was  established  on  Au^st  27,  1900,  by  E.  W. 
Myers,  is  in  the  town  of  South  Boston,  Va.,  on  the  railroad  bridge  of 
the  Norfolk  and  Western  Railroad  which  crosses  the  river  at  that  place. 
The  g&ge  rod  is  laid  off  on  the  downstream  guard  rail  of  the  bridge, 
the  graduations  being  indicated  by  brass  nails  driven  into  the  rail. 
The  zero  of  the  rod  is  exactly  over  the  center  of  the  first  span  from 
the  north  end  of  the  bridge.  The  distance  between  the  zero  of  the 
rod  and  the  outer  rim  of  the  pulley  is  2.39  feet,  and  the  distance 
bet^veen  the  end  of  the  weight  and  the  pointer  on  the  wire  rope  is 
36.44  feet.  When  the  gage  reading  is  1  foot  the  water  surface  is  31.06 
feet  below  the  top  of  the  head  of  the  nut  on  the  pin  connecting  the  two 
tension  rods  with  the  lower  chord  of  the  bridge,  this  pin  being  on  the 
lower  side  of  the  bridge  and  exactly  opposite  the  zero  of  the  gage. 
This  is  a  very  good  station  for  the  gaging  of  all  except  the  very  highest 
stages  of  flow.  At  extreme  heights  the  river  spreads  out  over  a  flood 
plain  of  considei*able  width.  The  trestle  connecting  the  bridge  with 
the  embankment  on  the  south  side  of  the  river  is  a  curve  of  rather 
high  degree.  The  bed  of  the  stream  is  of  coarse  sand  and  probably 
shifts  only  slightly.    C.  T.  Nichols,  South  Boston,  Va.,  is  the  observer. 

The  following  discbarge  measurements  were  made  during  1902  by 
B.  S.  Drane: 

July  9:  Gage  height,  1.90  feet;  dischai^ge,  1,551  second-feet. 
August  15:  Gage  height,  1.65  feet;  discharge,  1,333  second-feet. 
October  13:  Gage  hei^^ht,  7.95  feet;  dischaiige,  6,864  second-feet. 
December  5:  Gage  height,  8.90  feet;  discharge,  9,197  second-feet 

Daily  gcige  Height,  infeeiy  of  Dan  River  at  South  Boston,  Va. 


I>ay. 

Jan. 

Feb. 

Mar. 

18.35 
15.10 
11.00 
8.15 
7.80 
8.60 
7.40 
6.66 
6.60 
6.60 
6.00 
5.65 
5.20 
4.70 
5.10 
6.70 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

2.70 
2.60 
•2.60 
2.50 
6.80 
7.25 
6.90 
6.40 
5.90 
6.15 
6.75 
7.90 
8.50 
8.10 
5.70 
3.70 

Nov. 

Det*. 

1902. 
1 

19.50 
8.00 
6.70 
6.00 
5.20 
4.60 
4.60 
4.70 
4.60 
4.50 
4.40 
4.10 
ft.  80 
8.60 
8.50 
8.70 

8.70 
18.10 
14.20 
8.50 
6.70 
5.50 
6.80 
5.20 
4.90 
4.50 
4.10 
4.00 
3.90 
3.80 
3.80 
8.90 

7.75 
6.60 
5.90 
5.60 
5.60 
5.50 
5.60 
7.75 
9.45 
7.20 
6.55 
6.06 
5.60 
5.50 
5.40 
5.85 

5.30 
5.06 
4.75 
4.55 
4.55 
4.90 
5.00 
5.06 
5.25 
4.95 
4.65 
4.60 
4.70 
4.70 
4.70 
4.85 

3.90 
3.85 
3.70 
3.60 
3.50 
3.35 
3.05 
2.90 
2.90 
3.05 
3.20 
3.10 
3.00 
3.00 
2.90 
3.40 

4.75 
4.45 
4.20 
4.00 
3.90 
2.60 
2.00 
1.90 
1.70 
2.60 
3.20 
2.90 
2.10 
1.65 
1.30 
1.30 

1.40 
1.40 
1.36 
1.45 
1.30 
1.20 
1.20 
1.20 
1.20 
1.10 
1.10 
1.20 
1.20 
1.30 
1.60 
1.80 

1.10 
1.10 
1.20 
1.20 
1.30 
1.40 
1.60 
1.60 
1.70 
1.70 
1.60 
1.40 
L30 
1.20 
1.10 
1.00 

1.70 
1.80 
1.80 
1.90 
1.90 
2.00 
2.30 
2.30 
2.30 
2.30 
2.20 
2.20 
2.20 
2.20 
2.30 
2.30 

4.50 

2 

7.30 

3 

10.70 

4 

13.20 

5 

9.65 

5     

10.96 

7 

10.65 

B 

6.85 

9 

10 

4.55 
4.10 

11 

4.10 

12 - 

13 

4.10 
4.00 

14 

15     

4.00 
4.00 

16 

4.00 
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DaUy  gage  height,  in  feet,  of  Dan  Biver  at  South  Boston,  Va. — Continued. 


Day. 


17...- 

1902. 

4.00 

18 

8.80 

19 

3.50 

20 

3.80 

21 

4.80 

22 

6.65 

28 

7.75 

24 

5.30 

25 

5.20 

26 

5.10 
5.00 
4.80 
4.80 

27 

28 

29 

30 

4.90 

81 

4.90 

Jan. 


Feb. 

4.00 

4.10 

3.80 

4.00 

4.10 

5.20 

6.10 

7.20 

13.35 

18.55 

18.40 

12.86 


Mar. 

Apr. 

8.20 

5.45 

7.70 

6.75 

7.20 

5.80 

6.30 

5.65 

6.00 

6.56 

5.50 

5.30 

5.65 

5.05 

5.80 

4.90 

5.70 

4.80 

5.10 

4.70 

5.00 

4.86 

5.I5 

4.96 

9.35 

5.70 

15.80 

5.20 

12.05 

May. 


5.05 
6.45 
5.25 
5.05 
4.90 
4.80 
4.95 
5.10 
5.10 
6.10 
5.00 
4.65 
4.45 
4.15 
4.00 


June. 

July. 

Aug. 

Sept. 

Oct. 

8.30 

1.40 

1.70 

.90 

2.50 

16.45 

1.60 

1.30 

.80 

2.10 

8.85 

1.40 

1.20 

.70 

1.80 

5.00 

1.30 

1.10 

.70 

1.80 

4.45 

1.30 

1.20 

.70 

1.80 

8.35 

1.30 

1.30 

1.00 

1.70 

3.00 

1.20 

1.66 

1.80 

1.60 

2.90 

1.10 

1.70 

2.60 

1.60 

2.90 

1.10 

1.46 

3.05 

1.50 

2.80 

1.05 

1.16 

4.20 

1.40 

2.80 

1.10 

1.00 

4.35 

1.50 

3.45 

1.30 

1.00 

3.75 

1.60 

4.30 

1.80 

1.00 

3.15 

1.70 

4.&5 

1.30 

1.10 

2.90 

1.70 

1.80 

1.10 

1.70 

Nov 


2.50 
2.60 
2.60 
2.60 
2.70 
2.70 
2.80 
2.70 
2.70 
2.50 
2.40 
2.30 
2.65 
3.80 


Dec. 


3.90 
3.65 
3.45 
3.30 
3.15 
3.00 
3.00 
2.90 
2.80 
2.80 
2.80 
2.80 
2.90 
2.90 
2.90 


Bating  table  for  Dan  Biver  at  South  Boston,  Va.,  for  190^. 


Gage 
height. 

Discharge 

Gage 
height. 

1 

Discharge.  ' 

1 

Gage 
height. 

Discharge. 

hei^t. 

Dischai^e. 

f\Ret. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Secandrfeet. 

1      Feet. 

Second'fcet. 

0.7 

900 

3.8 

2,930 

7.0 

6,000 

13.5 

14,000 

.8 

950 

4.0 

3,100 

7.2 

6,200       ; 

14.0 

14,900 

1.0 

1,050 

4.2 

3,280 

7.4 

6,400 

14.5 

15, 950 

1.2 

1,150 

4.4 

3,460 

7.6 

6,600 

15.0 

17,000 

1.4 

1,250     1 

4.6 

3,640 

7.8 

6,800 

15.5 

18,200 

1.6 

1,360 

4.8 

3,820 

8.0 

7,000 

16.0 

19,400     ] 

1.8. 

1,480     \ 

5.0 

4,000 

8.5 

7,550 

16.5 

20,750     1 

2.0 

1,600     1 

5.2 

4,200 

9.0 

8,100 

17.0 

22, 100     1 

2.2 

1,730    , 

5.4 

4,400 

9.5 

8,700 

17.5 

23,550 

2.4 

1,860     1 

5.6 

4,600 

1     10.0 

9,300 

18.0 

25,000     ! 

2.6 

2,000 

5.8 

4,800 

10. 5 

9,900 

18.5 

26,600 

2.8 

2,150 

6.0 

5,000 

11.0 

10,500 

19.0 

28,200     1 

3.0 

2,300 

6.2 

5,200 

11.5 

11,100 

19.5 

30, 000     1 

3.2 

2,450    1 

6.4 

5,400 

12.0 

11,700 

20.0 

31,800     1 

3.4 

2,600    1 

6.6 

5,600 

12.5 

12,400    1 

3.6 

2,760 

6.8 

5,800 

13.0 

13,100 

KKWKLL.] 
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Egtimated  mmUldy  ducharge  of  Dan  River  at  South  BostoUy  Va. 

[Drainage  area,  2,750  square  miles.] 


Discharge  in  seoond-feet. 


Month. 


Maximum. 


I 


1902. 


January .. 
February . 

March 

April 

May 

June 

July 

Angust 

September. 
October  ... 
November 
December  . 


The  year 


30,000 

26,760 

26, 120 

8,640 

4,450 

20,615 

3, 775 

1,480 

3,415 

7,550 

2,525 

13,460 

30,000 


Minimum. 


2,675 
2,930 
3,730 
3,730 
3,100 
2,150 
1,075 
1,050 
900 
1,250 
1,420 
2,150 


900 


Mean. 


4,738 
7,105 
7,269 
4,a34 
3, 876 
3,535 
1,713 
1,197 
1,545 
3, 158 
1,842 
4,186 


Run-off. 


Second- 
feet  per 
square 
mile. 


Depth  In 
inches. 


1.72 

2.58 

2.64 

1.76 

1.41 

1.29 

.62 

.44 

.56 

1.15 

.67 

1.52 


3,750 


1.36 


1.98 

2.69 

3.04 

1.96 

1.63 

1.44 

.71 

.51 

.62 

1.33 

.75 

1.75 


18.41 


STAUNTON  RIVER  AT  RANDOLPH,  VA. 

This  station,  which  was  origiDally  established  on  August  27,  1900, 
by  E.  W.  Myers,  is  on  the  railroad  bridge  about  five-eighths  of  a  mile 
southwest  of  Randolph  station  on  the  line  of  the  Southern  Railway 
from  Richmond  to  Danville.  During  the  months  of  July,  August,  and 
September  the  old  bridge  was  I'eplaced,  and  readings  were  taken  on  a 
temporary  gage  during  that  time.  The  present  gage  was  put  in  on 
October  13,  1902,  b}'  B.  S.  Drane.  The  gage  rod  is  of  pine,  well 
painted,  graduated  to  feet  and  tenths,  and  nailed  to  the  outside  of  the 
upstream  guard  rail,  the  zero  of  the  rod  being  exactl}'  over  the  center 
of  the  second  span  from  the  north  end  of  the  bridge.  The  distance 
from  the  zero  of  the  rod  to  the  outer  rim  of  the  pulley  is  3.18  feet, 
and  that  from  the  end  of  the  weight  to  the  pointer  on  the  wire  rope  is 
45.23  feet.  When  the  gage  reads  zero  the  water  surface  is  38.91  feet 
below  the  upper  edge  of  the  hexagonal  nut  on  the  pin  opposite  the 
zero  of  the  gage,  on  the  upstream  side  of  the  bridge.  The  present 
gage  reads  the  same  as  the  one  it  replaced. 

The  river  is  straight  for  a  long  distance  above  and  below  the  station, 
and  the  velocity  of  the  current  is  well  distributed.  The  rise  at  this 
point  is  25  feet  or  more.     It  is  not  probable  that  the  channel  changes 
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to  any  considerable  extent  during  high  water.     The  observer  at  this 
station  is  Justin  Field,  station  agent  at  Bandolph. 

The  following  discharge  measurements  were  made  during  1902  by 
B.  S.  Drane: 

August  15:  Gage  height,  4.05  feet;  dischaige,  2,312  seeond-feet. 
October  13:  Gage  height,  9.15  feet;  discharge,  6,203  second-feet. 
December  5:  Gage  height,  13.45  feet;  discharge,  10,921  second-feet. 


Daily  gage  height j  infeety  of  Staunton  River  at  Randolph^  Va. 


Day. 

Jan. 

1... 

1902. 

19.00 

2 

10.60 

3 

8.90 

4 

7.90 

5 

6.90 

6 

6.10 

7 

6.00 

8 

6.a<) 

9 

6.90 

10 

6.80 

11 

6.70 

12 

6.60 

13 

4.90 

14 

4.60 

16 

4.60 

16 

4.90 

17 

4.90 

18 

4.80 

19 

4.75 

20 

4.70 

21 

6.20 

22 

8.60 

28 

8.60 

24 

6.60 

26 

6.40 

26 

6.40 

27 

7.60 

28 

10.20 

29 

10.20 

30 

7.70 

31 

7.70 

Feb. 


10.20 

12.60 

17.60 

11.60 

7.90 

6.40 

6.00 

6.20 

6.70 

6.00 

4.96 

4.90 

4.90 

4.90 

4.90 

4.85 

4.90 

4.80 

4.60 

4.70 

5.10 

9.00 

9.50 

11.50 

19.20 

26.50 

24.00 

20.20 


28.70 

21.20 

14.20 

9.90 

10.60 

10.90 

8.70 

8.00 

8.30 

8.40 

7.70 

7.30 

6.90 

6.60 

6.30 

6.80 

14.30 

10.30 

8.30 

7.30 

6.76 

6.40 

6.20 

6.00 

5.80 

5.65 

6.50 

6.60 

10.60 

12.20 

9.00 


7.60 
6.80 
6.30 
6.90 
6.00 
6.60 
6.80 
10.30 
11.20 
8.40 
7.10 
6.60 
6.20 
6.00 
6.10 
6.90 
5.80 
6.60 
5.50 
6.40 
6.30 
6.20 
5.15 
5.10 
5.00 
4.90 
4.90 
4.80 
6.90 
6.50 


May. 

June 

5.50 

3.90 

6.10 

3.90 

6.40 

3.90 

7.00 

3.80 

6.50 

3.85 

6.40 

3.70 

5.30 
6.70 
6.00 
6.60 
6.20 
4.80 
4.80 
4.70 
4.70 
4.60 
4.50 
6.00 
4.70 
4.66 
4.70 
4.70 
4.76 
4.75 
5.60 
4.70 
4.60 
4.40 
4.20 
4.10 
4.00 


3.60 
3.90 
3.90 
8.70 
3.60 
3.50 
3.40 
3.50 
6.00 
11.10 
18.30 
8.10 
.5.60 
4.70 
4.50 
4.10 
4.00 
8.90 
3.80 
4.20 
4.50 
4.60 
4.50 
5.60 


July. 

Aug. 

5.10 

3.70 

5.00 

5.10 

4.20 

4.40 

3.80 

3.90 

8.70 

3.50 

3.60 

3.90 

5.30 

4.30 

4.80 

3.80 

4.30 

3.80 

4.55 

3.50 

4.60 

3.90 

3.60 

3.30 

3.40 

3.06 

8.10 

3.60 

3.00 

3.80 

2.80 

7.40 

2.60 

4.30 

2.50 

3.70 

2.50 

3.30 

2.60 

2.70 

2.80 

2.70 

3.50 

2.70 

3.00 

2.70 

2.80 

2.60 

2.70 

2.40 

2.60 

2.50 

2.60 

3.30 

2.60 

2.70 

2.50 

3.30 

2.40 

2.70 

3.90 

2.50 

2.30 
2.30 
3.20 
3.00 
3.70 
3.90 
3.00 
2.60 
4.00 
3.00 
3.40 
3.00 
2.70 
2.60 
2.50 
2.60 
2.60 
2.50 
2.60 
2.50 
2.50 
2.80 
2.80 
2.70 
2.70 
2.70 
4.10 
4.40 
3.40 
3.00 


Oct. 


Nov.     Dec. 


4.20 

t 
4.20 

4.00 

4.00 

3.70 

3.85 

8.70 

8.80 

8.60 

3.80 

23.00 

3.80 

20.00 

4.10 

6.60 

4.10 

6.10 

4.10 

4.50 

3.80 

5.00 

3.75 

10.00 

3.70 

8.80 

3.70 

6.00 

3.65 

5.20 

3.65 

4.70 

3.60 

4.40 

3.50 

4.20 

3.60 

4.10 

5.10 

3.90 

5.00 

3.80 

5.40 

3.76 

5.00 

8.70 

4.50 

8.70 

4.30 

3.66 

6.00 

8.60 

11.00 

3.60 

11.40 

8.10 

8.10 

6.70 

7.00 

5.00 

7.  a 

4.40 

9.00 

11.50 

16.00 

13.40 

13.70 

15.05 

10.20 

8.00 

6.90 

6.10 

5.80 

5.56 

6.20 

6.40 

6.20 

6.50 

9.20 

10.60 

8.10 

7.00 

6.40 

8.00 

8.00 

7.00 

6.90 

5.85 

5.-20 

4.90 

4.70 

5.6Q 

6.40 
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Bating  taiblefor  Staunton  River  at  Randolphy  Va.^  for  190S, 


Gaxe 
beigiit. 


2.0 
2.2 
2.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3.6 
3.8 
4.0 
4.2 
4.4 
4.6 
4.8 
5.0 


Discharge. 


leifht. 


heig 


Scwndrfeei. 
1,400 
1,490 
1,580 
1,670 
1,760 
1,850 
1,960 
2,070 
2,180 
2,290 
2,400 
2,560 
2,720 
2,880 
3,040 
3,200 


5.2 
5.4 
5.6 
5.8 
6.0 
6.2 
6.4 
6.6 
6.8 
7.0 
7.2 
7.4 
7.6 
7.8 
8.0 
8.5 


Discharge. 

Gage 
height. 

Seamd-feet, 

Fut. 

3,360 

9.0 

3,520 

9.5 

3,680 

10.0 

3,840 

10.5 

4,000 

11.0 

4,190 

11.5 

4,380 

12.0 

4,570 

12.5 

4,760 

13.0 

4,950 

13.5 

5,160 

14.0 

5,370 

14.5 

5,580 

15.0 

5,790 

15.5 

6,000 

16.0 

6,625 

16.5 

Discharge. 

S&xmd-feti. 

7,250 

7,875 

8,500 

9,150 

9,800 

10,600 

11,400 

12,200 

13,000 

13,900 

14,800 

15,800 

16,800 

17,850 

18,900 

20,050 


Gage 
hei^t. 


Feet. 
17.0 
17.5 
18.0 
18.5 
19.0 
19.5 
20.0 
20.5 
21.0 
21.5 
22.0 
22.5 
23.0 
24.0 
25.0 


Discharge. 

Secondrfeet. 
21,200 
22,450 
23,700 
24,950 
26,200 
27,600 
29,000 


Estimated  montMy  discharge  of  Staunton  River  at  Randolph,  Va. 

[Draioage  area,  8,076  sqaare  miles.] 


Month. 


1902. 

January  

February  

March 

April 

May 

June  - 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maximum. 


26,200 

51,050 

40,495 

10,120 

4,950 

24,450 

3,4^ 

5,370 

2,720 

38,150 

10,440 

18,900 


Minimum. 


51,050 


2,800 
2,880 
3,600 
3,040 
2,400 
2,070 
1,580 
1,580 
1,535 
2,180 
2,125 
2,960 


1,535 


Mean. 


5,388 
10,292 
8,616 
4,398 
3,250 
3,656 
2,149 
2,198 
1,844 
5,307 
3,347 
6,578 


Run-off. 


Second- 
feet  per 
square 
mile. 


4,752 


1.75 

3.35 

2.80 

1.43 

1.06 

1.19 

.70 

.71 

.60 

1.73 

1.09 

2.14 

1.55 


Depth  in 
inches. 


2.02 

3.49 

3.23 

1.60 

1.22 

1.33 

.81 

.82 

.67 

1.99 

1.22 

2.47 


20.87 
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ROANOKE  RIVER  AT  ROANOKE,  VA. 

This  river  rises  in  Montgomery  County,  Va.  Its  headwaters  are 
near  those  of  New  River  on  the  west.  This  stream  lower  down 
is  known  as  Staunton  River,  and  joins  the  Dan  at  Clarksville  to  form 
the  main  lower  Roanoke  River.  There  are  a  number  of  fine  water 
powers  along  its  length,  described  more  fully  in  the  Nineteenth 
Annual  Report,  Part  IV,  page  176.  The  gaging  station  was  established 
by  D.  C.  Humphreys  on  July  10,  1896,  and  is  located  at  the  edge  of 
the  city  of  Roanoke,  Va.,  on  the  Walnut  street  bridge.  The  gage  is 
of  wire,  with  the  rod  fastened  to  the  floor  of  the  bridge.  The  top  of 
the  lower  end  of  the  first  floor  beam  is  21.99  feet  above  gage  datum. 
The  length  of  gage  wire  is  24.39  feet.  The  right  bank  is  above  high 
water,  but  the  left  is  liable  to  overflow  in  extreme  high  stages.  The 
channel  is  nearly  straight  and  the  current  good. 

The  following  discharge  measurements  were  made  during  1902  by 
D.  C.  Humphreys: 

July  10:  Gage  height,  1.09  feet;  discharge,  199  second-feet. 
August  21:  Gage  height,  0.63  foot;  discharge,  78  second-feet. 

Daily  gage  heighif  in  feet y  of  Roanoke  River  at  Roanoke^  Va. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1902. 

1 

6.20 
3.76 
2. 15 
2.00 
1.90 
1.85 
1.80 
1.75 
1.70 
1.70 
1.65 

2.17 
2.30 
2.30 
2.35 
2.25 
2.05 
1.91 
1.77 
1.65 
1.55 
IAS 

3.90 
3.40 
3.09 
2.75 
2.40 

2.46 
2.00 
1.95 
1.90 
1.90 

1.38 
1.35 
1.45 
1.35 
1.35 
1.30 
1.30 
1.35 
1.35 

1.06 
1.00 
1.03 
1.00 
1.00 
1.00 
1.00 
1.00 
1.10 
1.05 
1.00 

1.36 

1.20 

l.(^ 

1.00 

.90 

.95 

.96 

.95 

1.60 

1.10 

.95 

1.05 
.90 
.82 
.80 
.90 
.90 
.80 
.70 
.70 
.70 
.70 

0.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.65 
.65 

0.70 

.75 

.68 

.68 

1.96 

1.50 

1.00 

.85 

.76 

.70 

.80 

0.86 
.80 
.80 
.86 
.80 
.90 
.90 
.86 
.83 
.80 
.75 

2.90 

2 

1.90 

3 

2.90 

4.. 

2.20 

6 ... 

2.55 

6 

2.23     1.80 

2.30 

7 

2.15 
2.32 
2.43 

2.33 
2.20 

1.75 
1.68 
1.75 

1.96 

8 

1.75 

9 

1.60 

10 

1.85     1.29 
1.93     l."25 

1.50 

11 

1.45 

12 

1.47 

1.40 

2.15 

2.00     1.22 

.95 

.95 

.70 

.63 

1.05 

.80 

1.40 

13 

1.30 

1.34 

2.09 

1.93  1  1.22 

.93 

.90 

.68 

.60 

1.00 

.78 

1.40 

14 

1.25 

1.30 

2.03 

1.80  '  1.25 

1.00 

.85 

.70 

.60 

.90 

.80 

1.50 

15 

1.40 

1.25 

1.98 

1.73  i  1.29  1  1.05 

.85 

.68 

.60 

.85 

.80 

1.50 

16 

1.50 

1.21 

2.03  1  1.73  1  1.25 

1.25 

.80 

.70 

.60 

.80 

.80 

1.50 

17 

1.43 

1.18 

2.95  1  1.66  1  1.20 

1.25 

.80 

.70 

.60 

.75 

.80 

2.40 

18 

1.38 

1.15 

2.50  1  1.65  1  1.19 

1.15 

.75 

.65 

.60 

.75 

1.70 

2.20 

19 

1.30 

1.15 

2.25  '  1.63  1  1.19  1  1.10 

1           J            ' 

.70 

.65 

.60 

.76 

1.60 

1.90 

20 

1.35 
1.50 
1.67 

1.20 
1.35 
1.70 

2.12  ]  1.63  ;  1.19  1  1.05 
2.00  i  1.63  i  1.25  1  1.05 
1.95     1.55  1  1.20  1  1.00 

.70 
.70 
.70 

.65 
.65 
.65 

.60 
.60 
.65 

.76 
.70 
.70 

1.80 
1.16 
1.05 

1.70 

21 

1.60 

£2 

1.75 

23.   

1.75 

2.10 

1.70 

1.50 

1.15  1  1.00 

.70 

.65 

.65 

.70 

1.00 

1.65 

24 

1.60 

2.15 

1.64 

1.50 

1.15  1  1.00 

.92 

.(» 

.63 

.70 

l.OO 

1.55 

25 

1.53 

10.06 

1.50 

1.50 

1.12     1.00 

.85 

.61 

.65 

.73 

1.15 

1.50 

26 

1.40 
1.80 
2.95 
2.80 
2.71 
2.35 

5.15 
5.50 
8.75 



1.45  '  1.60 

1.12 
1.13 
1.12 
1.10 
1.10 

1.25 
1.26 
1.25 
1.85 
1.35 

.78 
.70 
.70 
.72 
1.22 
1.16 

.60 
.60 
.60 
.60 
.60 
.60 

.70 
.70 
.70 
.66 
.63 

.75 
.80 
.93 
1.10 
.90 
.90 

2,10 
2.40 
1.80 
1.65 
1.40 

1.40 

27 

1.40 
2.06 
3.60 
3.00 
2.73 

1.48 
1.45 
1.60 
1.60 

1.10 

28 

1.80 

29 

1.90 

80 

1.80 

81 

1.08  ' 

1.20 
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Rating  table  for  Roaiioke  Rwer  at  Roanokey  T  a.,  for  1902. 


GaM 
height. 


Discharge. 

Gage 
height. 

Dischaige. 

Secand-/cet. 

'      Feet. 

Hecond-feet. 

5,  728 

9.5 

10,760 

6,000 

10.0 

11,440 

6,272 

10.5 

12,120 

6,544 

11.0 

12,800 

6,816 

11.5 

13,480 

7,088 

12.0 

14,160 

7,360 

12.5 

14,840 

7,632 

13.0 

15, 520 

7,904 

13.5 

16,200 

8, 176 

14.0 

16,880 

8,448 

14.5 

17,560 

8,720 

15.0 

18,240 

9,400 

10,080 

Estimated  monthly  discharge  of  Roanoke  River  at  Roanoke,  Va. 

[Drainage  area,  388  square  miles.] 


DijM!harge  in  second-feet. 


Month. 


Maximum. 


1902. 

January  

February 

March 

April 

Mav 

June 

July 

August 

September 

October 

November 

December 

The  year  . . . 


4,912 

11,508 

3,166 

1,223 

349 

302 

429 

187 

100 

654 

1,156 

1,826 

11,508 


Minimum. 


260 
222 
325 
349 
205 
154 
100 
85 
85 
100 
110 
205 


Mean. 


Run-off. 


Second- 
feet  per 
square 
mile. 


85 


944 

1,576 

1,143 

525 

255 

200 

156 

103 

89 

149 

251 

574 

497 


2.43 

4.06 

2.95 

1.35 

.66 

.52 

.40 

.27 

.23 

.38 

.65 

1.48 


Depth  in 
inches. 


2.80 

4.23 

3.40 

1.51 

.76 

.58 

.46 

.31 

.26 

.44 

.73 

1.71 


1.28 


17.19 
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CAPE  FEAR  RIVER  DRAINAGE  BASIN. 

Cape  Fear  River  is  formed  by  the  junction,  near  Moncure,  in  Chatham 
County,  N.  C,  of  Haw  and  Deep  rivers.  It  is  usual  to  consider  the 
Haw,  the  Deep,  and  the  Cape  Fear  as  each  a  separate  stream  with  an 
individual  and  independent  existence  of  its  own,  irrespective  of  the 
others;  and  to  a  certain  extent  in  a  consideration  of  the  physical 
features  of  the  entire  drainage  basin  this  method  of  treatment  is 
desirable.  All  of  these  streams,  however,  form  a  single  river  system, 
and  it  is  more  convenient  to  treat  of  the  basin  as  a  whole  in  parts  of 
what  follows. 

Viewed  from  this  standpoint,  Cape  Fear  River  rises  among  the  red 
clay  hills  of  Guilford  and  Rockingham  counties,  N.  (]!.,  the  sources  of 
Haw  and  Deep  rivers  being  but  a  short  distance  apart.  Haw  River  is 
the  more  northerly  of  the  two  branchas,  and  flows  at  first  slightly 
toward  the  northeast,  but  turning  soon  to  the  southeast  drains  the 
southern  portion  of  Rockingham  County  and  the  greater  part  of  Guil- 
ford, and  passes  thence  through  Alamance,  a  corner  of  Orange,  and 
Chatham  County  to  its  junction  with  the  Deep  River  in  the  lower  part 
of  Chatham.  Deep  River  flows  at  first  toward  the  south,  but  soon 
turns  to  the  southeast  and  flows  practically  parallel  with  Haw  River 
for  many  miles  through  Guilford  and  Randolph  counties,  and  into 
Moore  County,  where  it  turns  abiuptly  toward  the  east,  flowing  in  this 
direction  through  Moore  and  Chatham  counties  to  the  junction  with 
the  Haw. 

The  area  drained  by  the  entire  river  system  above  the  town  of 
Fayetteville,  N.  C,  the  head  of  navigation  on  the  river,  is  4,493  square 
miles,  of  which  Haw  River  drains  1,800,  Deep  River  1,400,  and  Cape 
Fear  River  below  the  junction  1,293  square  miles.  The  form  and 
general  dimensions  of  the  basin  are  shown  on  the  accompanying  map. 

The  elevations  of  the  divides  between  the  drainage  basin  of  the  Cape 
Fear  system  and  those  of  the  adjacent  streams  are  not  very  great,  and 
the  minor  tributaries  can  not  therefore  furnish  much  power  except  in 
places  where  considerable  storage  may  be  obtained  by  the  construction 
of  suitable  dams. 
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The  declivity  of  the  main  streams  is  shown  in  the  following  tables: 

Table  of  dediviiyy  Cape  Fear  River. 


Locality. 


Fayetteville 

Foot  Smileys  Falls^ 

Head  Smileys  Falls 

.Junction  of  Haw  and  Deep  rivers 


Distance 
from  Fay- 
etteville. 


Elevation 

above 

tide. 


Frei. 

22.5 

53.8 

110.2 

155.3 


Distance 

between 

points. 

Fall  be- 
tween 
polnto. 

Feet. 

Mik9. 

25 
11 

31.3 
56.4 

Average 
fall  be- 
tween 
points. 

per  mile. 


hYH. 


22 


45.1 


1.252 
5.127 
2.050 


a  In  the  above  table  Smileys  Falls  has  been  taken  to  include  the  entire  long  rapids  or  series  of  rapids 
In  which  this  river  croflses  the  fall  line,  though  the  name  is  properly  applied  only  to  the  lower  3.6 
mOes  of  this  distance,  the  descent  in  the  falls  proper  being  27  feet. 

Table  of  declivity f  Haw  River. 


Locality. 


Confluence  with  Deep  River 

Haw  River  station 

Haw  River  at  Southern  Railway  cross- 
ing  

Reedy  Fork  of  Haw  River  at  South- 
em  Railway  crossing 


Distance 

from 

Junction 

of  Haw 

and  Deep 

rivers. 


MUes. 
0.0 
50.0 

77.0 

80.0 


Elevation 

above 

tide. 

Distance 

between 

points. 

Fall  be- 
tween 
points. 

Fed. 

Average 
fall  be- 
tween 
points 
per  mile. 

I^et 

Miles. 

Feet. 

155.3 

476.0 

50 

320.7 

6.4 

647.0 

27 

171.0 

6.3 

676.0 

30 

200.0 

6.7 

Table  of  declivity y  Deep  River. 


liocality. 


Confluence  with  Haw  River 

Egypt 

Jamestown 


Distance 

from 
junction 

of  Haw 
and  Deep 

rivers. 


Mile*. 
0.0 
14.0 
100.0 


Elevation    Distance 


above 
tide. 


between  " 
points. 


Feet. 
155.3 
204.6  ^ 
715.0  ' 


Miles. 


14 
86 


Fall  be- 
tween 
points.. 


Average 
fall  be- 
tween 
points 
per  mile. 


Feet. 


Feet. 


49.3 
510.4 


3.52 
5.93 


WATER   POWERS   IN   CAPE   FEAR   RIVER   DRAINAGE  BASIN. 

As  will  be  seen  by  reference  to  the  map  of  the  basin,  the  water 
power  interests  of  the  main  Cape  Fear  River  below  the  junction  of 
Deep  and  Haw  rivers  are  relatively  unimportant  at  present,  though 
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important  developments  are  now  in  progress  and  others  are  understood 
to  be  in  contemplation. 

The  first  of  the  developments  now  in  progress  is  located  on  Smileys 
Falls,  which  have  been  previously  mentioned.  The  site  of  the  devel- 
opment is  located  about  28  miles  above  Fayetteville,  at  a  point  knoivn 
as  Narrow  Gap,  from  the  fact  that  in  the  ledge  of  rock  from  three  to 
four  feet  high  which  crosses  the  river  at  this  point  a  small  gap  occui's, 
through  which  at  low  water  the  entire  flow  of  the  stream  passes.  A 
stone  dam  will  be  built  across  the  stream  and  the  power  thus  developed 
will  be  used  in  the  operation  of  a  large  cotton  mill  now  in  course  of 
construction. 

The  second  locality  at  which  development  work  has  been  done  is  at 
Buckhorn  Falls,  located  a  short  distance  below  the  junction  of  Haw 
and  Deep  rivers.  The  project  for  this  place  includes  the  development 
of  the  power  at  Lockville,  on  Deep  River,  a  short  distance  above  the 
junction  with  the  Haw,  and  the  electrical  transmission  of  the  power  to 
Fayetteville  and  other  manufacturing  towns.  Many  contracts  for  the 
power  have  been  made. 

The  power  possibilities  of  the  stream  are  developed  to  a  much  greater 
extent  on  Haw  and  Deep  rivers,  which  are  the  most  important  manu- 
facturing streams  in  the  State  in  respect  to  number  of  mills  operated. 
Haw  River  and  its  tributaries  operate  11  cotton  mills,  while  Deep 
River  operates  10  cotton  mills  and  a  number  of  flour  mills.  There  are 
several  fine  power  sites  still  available  on  Haw  River  and  a  number  on 
Deep  River. 

Unfortunately  Cape  Fear,  Deep,  and  Haw  rivers  are  subject  to  floods 
of  greater  violence  than  are  experienced  on  any  other  North  Carolina 
stream.  At  times  the  Cape  Fear  at  Fayetteville  has  risen  to  a  height 
of  58  feet  above  low  water,  and  there  are  records  of  one  flood  exceed- 
ing 60  feet  above  low  water  at  this  place,  the  height  being  recorded  on 
the  same  gage.  This  extreme  high  water  is  not  caused  b}^  greater  vio- 
lence and  magnitude  of  precipitation  over  the  drainage  basin  of  the 
stream  than  on  the  basins  of  the  other  rivers  of  the  State,  for  the  flood 
discharge  per  unit  of  area  for  the  basin  of  the  Cape  Fear  is  less  than 
those  of  many  of  the  other  rivers  where  the  flood  rise  is  not  so  great; 
but  below  Fayetteville  there  is  a  considerable  diminution  in  the  slope 
of  the  channel,  and,  in  addition,  the  channel  becomes  U-shaped  at  this 
point,  the  sides  of  the  trough  being  very  high  and  the  bottom  only  wide 
enough  for  the  dry-weather  flow. 

At  points  farther  upstream  where  the  slope  is  greater  and  the  chan- 
nel of  different  shape,  the  extreme  rise  in  some  places  does  not  exceed 
20  feet,  though  the  volume  of  water  to  be  passed  does  not  greatly 
differ  from  that  which  flows  past  Fayetteville.  The  rise  in  flood  is 
less  on  the  upper  30  miles  of  the  course  of  the  Cape  Fear  than  on  the 
Deep  and  the  Haw,  on  which  streams  near  their  junction  floods  of  25 
feet  rise  and  over  have  many  times  occurred. 
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jViany  of  the  tributaries  of  these  streams  rise  and  flow  in  a  slate 
country,  where  the  soil  is  either  very  thin  or,  in  many  instances,  washed 
auvay  entirely,  and  where  the  topography  is  broken.  In  such  a  coun- 
try the  hills  shed  the  storm  waters  into  the  streams  with  great  rapidity, 
not  cnly  producing  thus  the  floods  just  mentioned,  but  also,  since  little 
subterranean  storage  is  possible  in  a  country  of  this  character,  making 
the  dry -weather  flow  extremely  small.  Many  of  the  smaller  streams 
are  completely  dry  in  time  of  severe  drought.  The  slate  countr}^  covers 
a  lar^e  proportion  of  the  entire  area  drained  by  the  stream  above  Fay- 
etteville,  and,  as  a  consequence,  the  flow  of  the  Cape  Fear,  and  in  a 
^rreater  degree  that  of  the  Deep  and  the  Haw,  becomes  during  severe 
drought  very  small  in  proportion  to  area  drained.  The  mean  discharge 
for  the  basin  above  Faj^etteville,  for  an  entire  month,  has  fallen  as  low 
as  0.12  second-foot  per  square  mile,  while  the  minimum  recorded  flow 
is  equivalent  to  only  0.069  second-foot  per  square  mile.  This  remark- 
ably low  stage  occurred  in  October,  1900.  The  next  lowest  stage 
occurred  in  October,  1897,  the  volume  being  340  second-feet,  equivalent 
to  0.073  second-foot  per  square  mile  of  area  above  Fayetteville. 

Liow  as  these  rates  of  flow  seem,  it  is  a  matter  of  practical  certainty 
that  a  large  poilion  of  the  basin  discharges  at  such  times  at  a  much 
low^er  rate,  although  there  are,  unfortunately,  no  direct  measurements 
of  the  flow  of  any  of  the  tributaries  made  at  such  times  to  prove  the 
statement.  However,  the  governing  conditions  are  very  similar  over 
portions  of  the  area  drained  by  the  Keuse  River,  whose  drainage  basin 
borders  that  of  the  Cape  Fear  on  the  north,  and  whose  head  streams 
are  interlaced  with  those  of  the  Cape  Fear.  A  weir  measurement  of  the 
flow  of  Eno  River,  one  of  the  head  streams  of  the  Neuse  River,  at  a 
point  where  the  drainage  area,  as  measured  from  the  best  maps  avail- 
able, is  about  100  square  miles,  gave  a  flow  of  only  3,000,000  gallons 
per  twenty-four  hours,  or  4.64  second-feet,  which  is  at  the  rate  of 
0.046  second-foot  per  square  mile.  This  measurement  was  made  dur- 
ing the  severe  drought  of  1897,  at  the  time  when  the  flow  of  Cape  Fear 
River  reached  so  low  a  stage. 

For  a  clearer  discussion  of  the  physical  features  of  the  drainage  basin, 
and  of  the  eflfect  of  such  features  on  the  flow  of  the  stream,  the  entire 
area  above  Fayetteville  will  be  divided  as  follows:  (1)  That  part  of  the 
basin  lying  below  the  junction  of  Haw  and  Deep  rivers;  (2)  the  area 
drained  by  Haw  River;  and  (3)  the  area  drained  by  Deep  River. 

The  area  drained  by  Cape  Fear  River,  below  the  junction  of  the  Haw 
and  the  Deep,  may,  topographically,  be  divided  into  two  parts,  the 
first  and  largest  including  the  sand-hill  belt,  the  second  all  the 
remainder  of  the  area,  which  is  characterized  by  different  geologic 
formations. 

The  sand-hill  belt  forms  the  largest  part  of  the  drainage  basin  of 
Cape  Fear  River  below  the  junction  of  the  Haw  and  the  Deep,  and 
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exerts  an  important  influence  on  the  character  and  distribution  of  the 
flow  of  the  streams  rising  and  flowing  in  it,  and  consequently  on  the 
flow  of  Cape  Fear  River,  to  which  these  streams  are  tributary.  This 
region  is  a  belt  of  sand  hills  from  30  to  40  miles  in  width,  located,  as  a 
nile,  immediately  below  the  fall  line,  thougli  at  times  extending  above 
it,  arid  consisting  of  broad  and  flattened  swells,  which  are  usually  well 
wooded  with  long-leaf  pine,  and  generally  with  an  undergrowth. 
During  comparativel}-  recent  years,  however,  a  considerable  part- of 
the  timber  of  this  region  has  been  removed,  and  the  sand  hills  are  now 
covered  in  many  places  with  a  sparse  growth  of  scrub  oaks,  which 
barely  shades  the  soil,  and  in  other  places  with  the  charred  remains  of 
the  original  pines,  and  with  a  straggling  growth  of  a  coarse  species  of 
grass. 

The  deposit  of  sand  varies  in  thickness  from  a  foot  or  two  to  about 
100  feet,  depending  somewhat  on  its  proximity  to  the  fall  line,  and 
this  bed  of  sand  is  underlain  with  a  nearly  or  quite  impeiTious  stratum 
of  compact  grit  and  clay,  which  is  also  very  thick. 

The  sand  deposit  absorbs  the  rain  which  falls  on  it  with  great  rapid- 
ity, removing  it  from  the  action  of  the  sun  and  wind  and  diminish- 
ing the  evaporation  to  a  great  extent,  while  the  great  thickness  of  the 
mass  enables  it  to  store  up  a  large  amount  of  water  and  to  give  it  out 
gradually  as  it  sinks  to  and  flows  along  the  impervious  stratum  under- 
lying the  sand.  The  sand  thus  acts  as  a  storage  reservoir  and  regulates 
the  flow  of  the  streams  of  this  region  to  a  truly  remarkable  extent. 
Sand  and  gravel  in  general,  though  absorbing  water  with  great  rapid- 
ity, give  it  out  with  equal  rapidity  unless  they  occur  in  masses  of 
suflScient  size  to  store  up  a  large  amount  of  water  without  reaching 
the  point  of  saturation,  and  as  a  consequence  of  this  the  regularity  of 
the  flow  of  the  streams  draining  an  area  of  sand  will  be  somewhat  in 
direct  proportion  to  the  thickness  of  the  deposit.  If  the  depth  is  great, 
then  the  flow  of  the  streams  draining  the  area  will  be  regular  and  the 
run-off  will  be  large  in  proportion  to  the  rainfall,  while  if  the  depth 
is  less,  the  flow  will  be  less  and  less  regular  as  the  depth  is  diminished, 
and  while  the  total  run-off  may  be  as  great  as  in  the  first  case,  or 
greater,  the  distribution  will  be  such  as  to  render  the  useful  amount 
much  smaller. 

The  depth  of  the  deposit  of  sand  becomes  less  as  the  western  limits 
of  the  belt  are  approached.  Even  above  the  limit  of  the  sand-hill 
region,  and  up  as  far  as  the  junction  of  Haw  and  Deep  rivers,  the 
typical  formations  of  the  coastal  plain  region  predominate,  the  soils 
being  sands  and  sandy  clays,  and  the  topography  does  not  diflfer  greatly 
from  that  of  the  sand-hill  belt,  except  that  the  hills  possibly  rise  to 
slightly  greater  heights  and  the  slopes  are  steeper.  The  considerable 
diflferences  in  soil  texture,  however,  cause  very  appreciable  diflFerences 
in  flow  between  the  streams  of  this  portion  of  the  basin  and  those  of 
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the  sand  hiHs,  the  floods  being  much  more  sudden  and  violent,  and  the 
dry-"weather  flow  much  smaller  per  unit  of  area  drained. 

The  area  drained  by  the  Haw,  for  a  short  distance  above  its  junction 
with  the  Deep,  is  a  region  of  sandstone  and  shale  formations;  but 
there  is  soon  a  change  to  metamorphosed  slates  and  schists,  and  for  a 
long  distance  the  country  near  the  river  is  rough,  rugged,  and  broken, 
though  it  becomes  somewhat  smoother  and  more  regular  at  consider- 
able distances  from  the  stream.  Throughout  this  section  the  soil  is 
thin,  or  in  many  places  largely  removed,  exposing  the  bare  rock  in 
the  hillsides,  and  as  the  slopes  are  steep  the  storm  waters  are  shed 
into  the  streams  with  great  rapidity,  causing  violent  and  destructive 
floods,  which,  however,  are  of  short  duration.  The  small  depth  of 
the  soil  affords  space  for  only  a  very  small  amount  of  subterranean 
storage  in  the  soil  interstices,  and  in  time  of  drought  many  of  the 
minor  streams  cease  flowing  altogether,  while  the  flow  in  many  of  the 
larger  streams  becomes  nearly  inappreciable. 

Passing  farther  up  this  stream,  however,  the  character  of  the  basin 
changes  again,  the  country  rock  becoming  a  granite.  At  the  same 
time  the  character  of  the  topography  becomes  less  bold  and  rugged 
and  the  soil  becomes  deeper  and  more  pervious.  Therefore,  through- 
out this  p)ortion  of  its  course,  the  violence  of  the  floods  is  not  so  great 
and  the  dry- weather  flow  is  much  larger  per  unit  of  area  drained. 

The  statements  made  above  relative  to  the  area  drained  b}^  the  Haw 
apply  with  equal  force  to  the  area  drained  by  the  Deep;  but  a  larger  pro- 
portion of  the  basin  of  the  Deep  is  in  the  slate  region,  and  as  a  conse- 
quence its  flow  is  even  more  variable  than  that  of  the  Haw;  the  floods 
being  more  violent  and  the  dry-weather  flow  smaller.  Only  a  very 
small  portion  of  this  basin  lies  in  the  gi'anite  belt  mentioned  above. 
This  iK)rtion  is  at  the  very  source  of  the  stream,  and  is  entirely  too 
small  to  exert  any  appreciable  influence  on  the  flow  at  points  many 
miles  below. 

Gage  heights  of  CUape  Fear  River  have  been  taken  at  Fayetteville, 
N.  C. ,  since  1889.  This  station  was  established  by  the  United  States 
Weather  Bureau,  and  maintained  b}'^  it  until  1895,  when  the  United 
States  Geological  Survey  began  to  make  measurements  of  the  river 
at  this  point.  The  Geological  Surve}'  has  stations  also  on  Rockfish 
Creek,  near  Brunt,  and  on  Deep  River  at  Cumnock.  The  descrip- 
tion of  these  stations,  the  results  for  1902  at  the  last  two  stations,  and 
a  complete  recapitulation  of  the  data  collected  at  Fayetteville  are  given 
below: 

CAPE  FEAR   RIVER  AT  FAYETTEVILLE,    N.    C. 

This  gaging  station  is  at  the  bridge  of  the  Atlantic  Coast  Line,  about 
a  mile  east  of  Fayetteville,  N.  C.  The  Weather  Bureau  has  a  gage 
fastened  on  the  lower  side  of  the  east  abutment  of  the  covered  high- 
way bridge,  this  being  about  400  feet  above  the  railroad  bridge,  from 
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which  discharge  measurements  are  made.  The  lower  29  feet  of  this 
gage  consists  of  a  rod  divided  into  feet  and  tenths  and  firmly  fastened 
to  the  abutment.  Above  the  29-foot  mark  the  scale  is  painted  on  the 
rock.  The  observer  is  Frank  Glover,  who  has  charge  of  the  steam- 
boat landing  just  below  the  railroad  bridge.  For  his  convenience,  he 
has  placed  a  subsidiary  gage  at  the  steamboat  landing  reading  about 
the  same  as  the  official  gage,  and  from  this  observations  are  taken. 
The  channel  is  straight  and  the  current  moderately  swift  and  not 
influenced  by  dams  or  other  obstructions.  The  banks  are  high  and 
the  total  flow  of  the  river  is  in  one  channel,  even  during  the  highest 
floods.     The  bed  is  fairly  constant. 

Discharge  meamiremcuts  of  Caj^e  Fear  River  at  Fayetteville^  S,  C. 


Dau*. 


Hydrographer. 


1895. 


September  26 
December  7. . 


1896. 


April  5 

April  25 

May  22 

June  8 

June  8  ...... 

July  11  «  .... 

September  2  . 
September  19 

Manth  12 . 
July  27... 


1897, 


C.  C.  Babb 
do  .... 


E.  W.  Myers. 

do 

do 

do 

do 

do 

do 

A.  P.  Davif?.. 

E.  \V.  Mvers. 

ft 

do 


-  -  -I 


Septeml)er  30 1 do 

1898.  ! 


January  10  .». 
August  22  . . . . 


E.W.  Myers 
do 


1899. 

February  7 '  E.  W.  Myers. 

May  24 do 

June  6 do 

October  13 do 

November  29 do 

a  Inaccurate;  disregarded. 


Gage 
height. 

DisohaiKe. 

Frrt. 

Second'/eet. 

1.59 

489 

2.90 

1,109 

19.  30  1 

10, 525 

4.00 

1,618 

4.00  ' 

1,322 

10.00  , 

5,041 

9.20  ' 

4,207 

49.10 

51,115 

1.10 

519 

1.88 

770 

23.00 

16,  777 

7.00 

2,682 

.70 

424 

3. 55 

1,303 

28.35 

23,  215 

46.50 

61,921 

6.40 

3, 142 

4.20 

1,577 

6.00 

2, 132 

9.65 

7,742 
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ZHacfuirge  measurements  of  Cape  Fear  River  at  FayeUeviUe,  N.  C. — Continued. 


February  9 
April  12 
April  26 
May  17 
June  29 

August  11 1 do 

November  3 ' do 

1901.  ' 

I 

April  5 ,  E.  Graves 

July  16 1  E.  W.  Myers  ... 

November  29 '  J.  S.  Henderson 

1902.  j 

May  8 i i  J.  S.  Henderson 

July  12 1  B.  S.  Drane 

August  19 ' do 

September  5 ' do 

October  16 1 do 


47.60 

40.30 

4.50 

4.50 
2.50 
2.70 
.50 
5.13 


46, 519 

38,300 

1,783 

2,111 
1,120 
1,178 
446 
2,487 


Daily  ffdge  height^  in  feet,  of  Cape  Fear  River  at  FayetteviUe^  N.  C. 


Pay. 


1889. 


1. 
2. 
3. 
4. 


Jan. 


10.00 

11.00 

10.00 

9.00 

5 1  26.00 

6 '  88.00 

7 '  85.00 

8 31.00 

9 '  26.00 

10 '  20.00 

11 17.00 

12 1  14.00 

13 1  11.00 

14 1    0.00 

15 1    8.00 

16 !    8.00 

17 15.00 

18 '  30.00 

19 '  28.00 

20 80.00 

21 35.00 


Feb.  :  Mar. 


18.00 
15.00 
13.00 
12.20 
10.70 
10.40 
10.20 
10.10 
10.00 
10.00 
9.80 
9.60 
9.60 
9.40 
10.00 
16.00 
25.00 
34.60 
40.00 
48.00 
42.00 


15.00 

13.00 

11.00 

9.00 

7.20 

6.80 

5.70 

5.60 

5.60 

5.40 

5.30 

5.30 

5.20 

18.00 

21.00 

16.00 

14.00 

10.00 

18.00 

12.00 

11.70 


Apr. 


May. 


8.70 

8.40 

8.10 

7.80 

7.50 

7.20 

6.90 

6.60 

6.80 

6.00 

5.80 

5.60 

5.40 

6.80 

10.00 

16.00 

20.00 

18.00 

16.00 

12.00 

9.00 


Jiine. :  July.  '  Aug. 


12.00 
10.00 
8.50 
7.50 
7.00 
6.60 
6.30 
6.20 
6.10 
6.00 
5.80 
5.50 
5.00 
4.50 
4.00 
8.80 
3.50 
3.40 
3.30 
3.20 
3.20 


10.00 
40.00 
80.00 
22.00 
15.00 
9.50 
8.00 
6.80 
6.00 
5.00 
6.00 
7.00 
6.50 
6.00 
5.80 
6.00 
5.70 
6.00 
7.00 
8.50 
8.00 


40.60 
42.60 
I  43.90 
'  41.40 
I  37.40 
33.00 
28.40 
20.00 
12.00 
7.00 
6.80  I 
9.00  i 
10.40 
10.00 
9.60  I 
9.00 
8.20  ' 
7.50  i 
15.40  ! 
11.00  • 
9.00  I 


33.50 
44.20 
37.50 
28.00 
83.50 
38.00 
37.00 
33.00 
24.00 
18.00 
20.00 
16.00 
11.00 
10.10 
10.00 
12.00 
12.20 
10.00 
7.50 
6.90 
6.40 


14.00 
13.10 
9.20  I 
8.60 
8.10  I 
7.50  I 
7.10  ' 
7.50 
9.50 
8.  SO 
7.80 
6.80 
6.30 
6.10 
6.00 
6.50 
6.90 
7.30 
7.00 
6.90 
6.00 


5.50 
6.00 
5.60 
5.20 
4.50 
4.40 
4.20 
4.60 
4.70 
5.00 
4.00 
3.80 
3.70 
3.60 
3.40 
8.30 
3.20 
3. '20 
3.20 
3.10 
3.10 


8.50 
7.40 
6.90 
6.80 
7.20 
7.40 
6.90 
6.80 
6.60 
7.80 
7.90 
7.50 
7.20 
7.60 
7.90 
7.20 
6.90 
8.20 
9.60 
10.20 
16.20 


14.00 
10.20 
8.10 
7.50 
7.20 
7.10 
7.00 
G.80 
6.70 
6.40 
6.30 
6.00 
5.80 
5.70 
5.  GO 
5.40 
5.00 
4.90 
4.70 
4.60 
4.40 
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Daily  gnye  height ^  infeet^  of  Cape  Fear  River  at  FayettevHU^  N.  C. — Continued. 


Day. 


1889. 


Jan. 


22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
80. 
81. 

1. 

2. 

8. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
2C. 
27. 
28. 
29. 
80. 
31. 

1. 
2. 
3. 
4. 

5. 

C. 
•  7. 

K. 

9. 
10. 


1890. 


1891. 


:«.oo 

25.00 
20.00 
16.00 
22.00 
88.00 
34.00 
27.00 
23.00 
19.00 

7.20 
7.50 
7.40 
7.00 
6.60 
6.20 
5.80 
5.70 
5.40 
5.0O 
4.90 
4.80 
4.70 
4.60 
4.50 
4.30 
4.20 
4.00 
4.00 
4.20 
4.20 
4.20 
4.10 
4.20 
4.20 
4.10 
4.10 
4.20 
4.20 
4.20 
4.20 

9.00 

8.  .50 
8.00 
7.70 
7.20 
7.00 
7.  10 
7.  SO 
8.00 
10.20 


Feb. 


38.00 
34.00 
36.00 
31.00 
25.00 
20.00 
17.00 


4.60 

4.80 

5.00 

5.70 

5.90 

6.20 

7.50 

8.20 

10.00 

14.80 

12.20 

11.00 

10.20 

10.00 

9.20 

10.40 

11.20 

10.10 

9.00 

8.20 

7.  HO 

7.60 

8.60 

11.00 

12.00 

14.20 

19.00 

20.00 


Mar.  I  Apr. 


11.50 
11.30 


11.00  I 
10.80  I 
10.60 
10.20 
10.00 

9.80 

9.40 

9.00  i. 


7.00 

6.00 

5.00 

5.50 

12.00 

18.00 

20.00 

18.00 

15.00 


22.00 

23.10 

20.00 

17.40 

16.20 

11.40 

9.30 

9.10 

9.00 

8.80 

8.60 

8.20 

7.40 

7.20 

8.40 

12.20 

I  14.10 

12.20 

10.10 

8.90 

I  10.20 

!  i2.10 

[  14.40 

16.80 

23.20 

20.00 

16.40 

i  12.10 

I  10.20 

I    8.10 

!    7.80 


I      >r 


7.70 
7.60 
7.80 
8.00 
7.80 
7.70 
7.60 
7.50 
7.40 
7.30 
7.20 
7.80 
8.20 
8.30 
8.00 
7.80 
8.40 
10.20 
12.00 
14.50 
12.40 
10.20 
9.10 
8.80 
8..T0 
8.20 
7.90 
7.40 
6.80 
6.20 


12.40 
15.60  ' 
14.20  I 
13.10  ' 

rj.oo  I 

11.40  \ 
10.00  I 
1J.40  ' 
18.20 
17.00 


10.20  ! 

12.40 ; 

14.00  \ 
10.20  1 
19. 10  I 
17.40  ' 


l.'».'JO 


VI.  10  I 
11.20  I 
14.40  ' 


16.40 
14.10 
17.20 
19.10 
20.00 
IK.  00  ' 
16. 10  I 
Ki.OO  ! 
12.20  I 
11.00  ! 


May. 


3.20 
3.10 
3.10 
3.00 
3.00 
2.90 
2.90 
2.80 
2.80 
3.60 

6.00  ! 
5.80 
5.70 
7.60 
9.40 
12.00 
14.60 
12.00 
10.10 
9.20 
8.90 
8.70 
8.50 
8.20 
7.90  , 
7.80  i 
7.60  I 
7.50  ' 
7.00 
6.70 
6.00 
5.70 
4.00 
3.70 
3.50 
5.40 
9.20 
12.40 
9.80 
7.20 
6.80 

6.20 
6.00 
5.  SO 
5.40 

r>.oo 

5.  HO 

6.  40 
7.00 
O.SO 
6.40 


June. 


7.50 
8.00 
7.50 
7.00 
6.00 
5.00 
5.50 
10.00 
38.00 


6.40 
6.00 
5.50 
4.00 
3.60 
3.10 
2.90 
8.90 
6.70 
10.00 
11.00 
9.80 
8.60 
7.40 
6.80 
6.40 
6.20 
6.80 
6.70 
6.60 
6.40 
6.00 
5.50 
5.10 
4.80 
4.70 
4.10 
3,80 
3.40 
3.00 


31.40 
22.00 
16.20 
10.20 
9.  .'lO 
10.40 
12.20 
14.50 
10. 20 
14.30 


July. 


8.50 

8.20 

8.00 

9.00 

20.00 

33.50 

43.00 

15.00 

43.00 

38.70 

2.90 
2.80 
3.10 
4.50 
6.20 
5.70 
5.00 
4.70 
3.90 
2.80 
2.60 
2.80 
1.90 
1.60 
1.40  I 
1.20  I 
2.20 
2.50  , 
2.80  ; 
2.90  '■ 
2. 70  I 
2.60  \ 
5.20  I 
7.10  I 
10.20  I 
9.10  ' 
8.20  ' 
12. 40 
15. 10 
18.20 
20.00 

4.70 

5.30 

6.40 

6.00 

5.10 

0. 40 

S.20 

15.10 

13.20 

11.70 


Aug. 

Sept. 

6.20 

6.00 

6.00 

5.80 

6.50 

5.70 

7.00 

5.60 

8.00 

5.50 

11.00 

10.00 

21.00 

9.00 

31.00 

8.40 

28.00 

7.90 

22.00 

Oct. 


Nov. 


1.10 
1.60 
4.20 
5.10 
4.90 
4.80 
5.60 
10.20 
14.40 
18.10 
22.00 
24.50 
20.10 
15.20 
10.60  I 
8.40  I 
8.20  I 
9.40  , 
13.50  < 
17.60  ! 
21.40  I 
20.10 
17.20 
15.10 
18.40 
18.00 
13.20 
10.40 
10.10 
8.40 
10.20 


16.60 
13.40 
10.20 
7.10 
5.20 
4.80 
4.60 
4.50  ' 
4.20  , 
4.00  I 
5.90  I 
6.20  I 
6.00  ' 
7.10  I 
14.80  ! 
27.90  ' 
30.20 
21.40 
16.20 
11.00 
8.00 

6.10 ; 

5.20  I 
4.90  I 
4.80  I 
5.20  \ 
6.80 
7.20  I 
8.10  ' 

I 

8.40  I 


8.10     19.90  ' 
8.00  >  24.00  , 
3.00  ,  29.00 
4.00  '  32.00 
'  27.20  1 
19.10 
21.00  I 


5.50 
13.00 
21.50 
25.00 
20.00 
15.00 


20.20 
17.00 


10.60 

26.10 

19.10 

17.20 

31.40 

14.40 

29.20 

13. 70 

25.00 

12. 80 

20.00 

10. 10 

17.00 

12. 40 

16.10 

13.60 

11.20 

14.8(» 

10.10 

14.00 

8.00 

7.60 

7.00 

6.60 

6.20 

6.00 

5.80 

5.60 

5.20 

4.00 

3.90 

3.80 

3.60  I 

4.00  I 

3.80 

8.70 

4.80 

5.90 
13.40 
16.00 
11.20 

8.90 
.8.00 
10.20 
12.40  ; 
22.80 
18.10 
12.40  I 
10.20  I 

8.40  I 

8.00  ,: 

_i 

i 
4.60  1 

4.40  \ 

5. '20  ' 

5.30  I 


7.80  . 
7.60  I 
7.40 
7.00  ' 
8.40  ; 
9.20 
9.00 
8.40 
8.00 
7.80 
7.70  ] 
7.50  1 


8.40 
8.90 
8.70 
8.50 
8.40 
8.00 
7.80 
7.40 
7.00 
6.50 
6.10 
5.70 
5.00 
4.70 
4.50 
4.20 
5.10 
5.20 


4.90  1 

4.  SO 

4.60 

6.20 

7.80 

7.20 

3.50 
8.80  I 
3.70  I 
3.60 
3.50 
3.90 
3.80  ' 
3.40  . 
3.20 
8.60 


Dec. 


4.40 
4.40 
1.30 
4.30 
4.30 
4.20 
4.20 
4.20 
4.10 
4.80 

b.m 

5.90 

6.40 

5.10 

4.90 

4.70 

4.60 

4.80 

5.20 

6.70 

6.40 

6.<J0 

5.80 

5.60 

5.10 

5.00 

4.90 

6.20 

10.10 

20.20 

18.00 

14.10 

12.20 

10.10 

9.80 

12.40 

18.20 

14.10 

12.00 

10.20 

9.40 


13.10 
12. 40 
10.00 
8.10 
7.30 
7.00 
6.80 
7.40 
8.00 
7.70 


NEWKL.L.] 


CAPE    FEAR   RIVER   DRAINAGE    KA8IN. 


35 


Daily  gage  height^  in  feet  ^  of  Oipe  Fear  River  at  Fayelteville^  N.  C. — (Continued. 


Day. 

Jan. 

1 

Feb. 

16.10 

14.20 

12.10 

11.00 

10,20 

10.00 

9.50 

8.10 

8.00 

9.20 

14.10 

39.20 

37.40 

30.10 

19.20 

16.00 

14.40 

12.00 

9.90 
9.40 
9.00 
8.80 
8.70 
9.40 
9.20 
9.00 
8.80 
8.40 
8.20 
9.40 
9.10 
8.70 
8.40 
7.90 
7.70 
7.50 
7.20 
8.40 
8.80 
8.00 
7.60 
7.40 
7.00 
8.40 
10.20 
17  40 
•24.60 

Mar. 

16.10 
22.10 
34.20 
41.00 
36.20 
29.40 
21.00 
16.60 
14.40 
16.80 
21.70 
18.90 
17.10 
16.20 
18.40 
20.00 
26.40 
30.00 
25.80 
20.10 
18.20 

26.20 

21.40 

18.10 

14.20 

11.60 

10.40 

9.20 

10.40 

11.00 

9.80 

9.40 

8.70 

8.20 

7.80 

7.00 

6.80 

8.20 

10.10 

9.60 

9.20 

8,70 

8.10 

7.80 

7.40 

8.80 

10.  GO 

17.10 

14.20 

10.00 

9.10 

8.20 

Apr. 

10.10 

12.40 

15. 70 

12.00 

10.20 

11.40 

12.00 

11.20 

10.10 

9.40 

8.20 

10.70 

10.90 

9.10 

9.00 

8.70 

7.10 

7.00 

6.80 

6.40 

May. 

5.50 

6.00 

4.70 

6.80 

9.40 

12.20 

12.00 

10.20 

9.40 

8.10 

7.60 

7.00 

6.50 

6.10 

6.20 

10.40 

26.90 

36.70 

40.20 

45.10 

39.20 

June. 

r 

July. 

8.20 

7.10 

6.40 

5.20 

6.10 

6.80 

6.00 

5.80 

5.60 

5.20 

6.10 

7.70 

10.40 

11.10 

12.90 

13.00 

12.50 

10.10 

8.90 

8.40 

9.60. 

12.10 

14.20 

11.60 

10.10 

14.40 

15.00 

17.40 

16.30 

14.10 

11.60 

9.40 

7.20 

8.60 

11.40 

12.70 

13.10 

17.20 

14.10 

10.40 

7.70 

6.90 

fi.  70 

7.00 

0.80 

7.20 

7.0») 

5.  10 

4.yo 

4.  (i(» 
4.40 
4.00 

AUR. 

9.00 

8.40 

7.20 

0.90 

7.00 

6.20 

5.30 

5.10 

7.20 

8.40 

8.00 

17.90 

32.40 

43.10 

40.20 

39.00 

35.20 

24.60 

30.10 

31.40 

32.20 

5.40 
5.80 
5.50 
5.20 
5.10 
5.00 
4.90 
4.70 
4.50 
4.10 
3.90 
3.60 
3.20 
2.80 
2.40 
1.90 
1.60 
1.40 
1.20 
1.00 
,90 
.80 
1.70 
2.80 
3.80 

:..  70 

6  10 
;').  '20 
:VbO 
4.90 
4.«) 

1 
Sept. 

11.80 
10.20 
9.10 
8.40 
8.00 
7.60 
6.90 
5.40 
6.00 
6.20 
5.00 
4.90 
4.70 
5.00 
4.90 
4.80 
4.90 
5.10 
4.80 
4.60 
.. 

'  Oct. 

Nov. 

Dec. 

1891. 
11 

16.40 
21.20 
18.00 
14.10 
1Z20 
10.10 
9.40 
10.20 
14.20 
16.40 
14.10 
12.20 
13.10 
18.40 
19.60 
18.00 
16.20 
14.10 
12.40 
10.60 
10.00 

12.00 
13.40 
14.50 
10.20 
8.10 
6.50 
6.20 
6.80 
7.40 
7.90 
7.00 
6.50 
8.20 
8.00 
7.20 
6.90 
6.00 
6.40 
4.10 
4.20 

6.80 
6.60 
5.90 
6.70 
7.10 
9,20 
8.00 
7.70 
7.20 
6.80 
6.40 
6.00 
6.  .50 
5.00 
4.80 
4.20 
4.00 
3.80 
3.70 
8.90 
3.60 

4.20 
4.70 
4.40 
4.0O 
3.80 
3.60 
4,10 
4,90 
4.80 
4.70 
4.40 
4.00 
3.80 
4.20 
6.10 
4.40 
4.70 
3.90 
6,20 
10.20 



7.50 

12 

13 

7.30 
7.00 

11 

6.80 

15 

7.90 

16 

17 

18 

8.60 
8.40 
8.00 

19 

7.80 

20 

7.40 

21 

22 

23 

7.00 
6.80 
6.70 

24 

7.80 

25 

8.00 

26 

7.40 

27 

7.10 

28 

6.80 

29 

6.60 

30 

7.80 

31 

8.10 

1892. 
1 

8.80 

7.50 

7.00 

7.60 

8.00 

9.40 

9.00 

8.60 

7.60 

8.80 

8.70 

8.90 

9.40 

12.00 

13.60 

18.50 

22.00 

30.20 

29.10 

37.80 

49.50 

47.20 

36.40 

28.10 

22.80 

17.40 

15.10 

13.70 

12.00 

11.  ao 

10.20 

8.00 

7.80 

9.40 

10.20 

10.00 

9.40 

13.80 

21.40 

34.20 

33.10 

20.50 

17.10 

14.20 

12.70 

12.00 

15.20 

13.60 

12.00 

10.80 

11.10 

10.40 

10.00 

17  20 

19.50 

14.10 

12.70 

10.60 

.S.  10 

S.IO 

7.80 

7.40 
7.00 
6.80 
6.70 
6.50 
6.40 
6.20 
6.10 
6.00 
6.80 
7.20 
7.90 
8.20 
7.80 
7.60 
7.00 
7.40 
7.90 
7.40 
6.80 
7.60 
7.90 
10.80 
14.40 
12.00 
10.60 
8.10 
7.40 
6.  .so 
6. -20 
6.00 

7.40 

8.10 

8.40 

9.60 

10.40 

14.60 

14.00 

10.40 

12.60 

14.10 

11.40 

10.20 

8.40 

7.00 

6.60 

6.00 

5.80 

4.90 

5.10 

7.20 

9.40 

11.  "20 

12.610 

10.00 

9.40 

10.20 

12.40 

U>.  20 

•20. 00 

IS.  70 

6.80 
5.10 
4.20 
3.70 
3.00 
2.70 
2.40 
2.00 
1.80 
1.70 
1.50 
1.20 
1.00 
.90 
2.50 
5.50 
3.60 
2.40 
1.80 
1.60 
1.80 
4.90 
7.40 
6.10 
5.30 
•1.90 
4.60 
4.00 
:i.40 
2.70 

2.60 
2.60 
2.30 
2.10 
1.90 
1.70 
1.60 
1.30 
1.10 
1.00 
1.40 
1.60 
1.50 
1.40 
1.30 
1.20 
1.10 
1.00 
1.10 
1.20 
1.10 
1.00 
.90 
.80 
,90 
1.00 
1.20 
1.30 
1.40 
1,20 
1.10 

1.00 
,90 
.80 
1.40 
1.60 
1,70 
1.90 
2.00 
2.50 
4,10 
5.40 
4,50 
4,00 
3.70 
3.40 
3,80 
7.60 
8.00 
7.30 
6.80 
6.80 
6.00 
4.10 
3.50 
3.00 
2.90 
2.60 
•2.50 
•2.30 
2.10 

2.00 

2 

1.80 

1.70 

4 

2.00 

5 

6 

2.10 
2.20 

7 

2.40 

8 

2.00 

1.90 

10 

2.60 

11 

2.70 

12 

2.60 

13 

14 

1.5 

2.10 
2.30 
'2.10 

16 

17 

IH 

2.20 
2.70 
3.00 

19 

3,30 

20 

9.60 

21 

12.00 

22 

14.40 

23 

24 

13.10 
10.70 

8.20 

26 

27 

2» 

29 

30 

6.00 
4.90 
4.40 
4.00 
3.90 

3.80 
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Daily  gage  hdghi,  in  feet,  of  Caj)e  Fear  River  at  FayettevUUy  N.  C. — Continoed. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Bept 

Oct 

Not. 

Dec 

1M». 

1 

1 

3.00 

12.00 

20.50 

16.60 

18.00 

10.00 

8.00 

6.10 

5.40 

5.00 

19.60 

14.80 

10.80 

8.40 

7.50 

6.60 

6.70 

9.50 

11.40 

10.00 

12.90 
20.80 
17.20 
14.80 
13.40 
12.40 
11.10 
10.00 
9.40 
8.60 

5.10 
4.80 
4.50 
4.40 
4.80 
6,20 
6.40 
5.80 
5.30 
5.00 

4.50 

5.00 

7.00 

15.00 

31.60 

29.00 

19.90 

17.90 

14.20 

8.00 

7.80 

5.00 

6.20 

8.00 

6.60 

6.00 

7.00 

M.00 

28.70 

14.10 

3.80 
6.60 
4.90 
4.10 
4.80 
5.20 
4.80 
3.60 
2.80 
3.20 

1.80 
8.70 
6.90 
7.00 
6.80 
10.00 
7.80 
6.40 
4.80 
3.50 

22.80 

27.40 

32.30 

30.00 

20.80 

14.00 

8.60 

6.00 

4.80 

4.70 

6.10 
6.70 
5.00 
5.30 
5.10 
9.00 
8.00 
6.00 
5.10 
4.90 

7.00 
6.80 
6.50 
6.10 
6.00 
5.80 
5.80 
5.70 
5.90 
5.90 

9.00 

2 

7.00 

8 

6.30 

4 

5.90 

h 

1    15.90 

6 

'    15.60 

7 

15.00 

8 

1    15.40 

9 

14.00 

10 

13.50 

11 

4.10 
4,50 
4.60 
4.40 
4.50 
4.00 
3.70 
3.20 
8.00 
4.30 
4.70 
4.80 
4.70 
4.40 
4.80 
4,60 
5.60 
7.40 
15.50 
19.00 
23.60 

12.60 
24.80 
35.60 
41.00 
42.30 
38.60 
40.20 
37.40 
35.10 
30.00 
24.30 
19.90 
15.60 
13.00 
12.20 
9.80 
8.00 
8.50 

8.90 
8.10 
7.20 
7.10 
7.00 
6.60 
6.20 
6.10 
6.50 
6.70 
6.80 
6.90 
7.00 
6.50 
6.50 
6.90 
7.70 
7.40 
7.20 
5.80 
5.20 

4.40 
4.10 
4.10 
4.70 
7.00 
7.90 
7.20 
5. 70 
5.50 
4.70 
5.00 
5.20 
4.80 
4.30 
4.00 
3.90 
3.70 
4.00 
5.00 
5.60 

7.90 
7.70 
6.50 
6.00 
5.40 
5.50 
5.60 
7.00 
5.00 
4.20 
3.90 
8.80 
3.60 
3.80 
3.20 
3.00 
4.20 
4.10 
8.80 
4.20 
8.60 

7.00 
6.40 
5.70 
4.10 
5.70 
8.10 
7.00 
15.00 
13.70 
10.20 
8.40 
6.40 
5.60 
6.00 
9.50 
6.40 
5,00 
4,00 
2.70 
8,50 

2.50 
2.00 
1.70 
1.60 
1.40 
1.40 
1.80 
1.40 
1.40 
3.90 
2.50 
2.40 
2.00 
1.40 
1.30 
1.20 
1.10 
1.10 
1.50 
1.20 
1.20 

2.60 
2.10 
1.80 
1.60 
1.40 
1.30 
1.20 
1.20 
1.60 
6.70 
4.40 
2.70 
1.90 
1.80 
7.80 
5.90 
3.80 
8.60 
5.60 
■22.90 
25.90 

5.50 

12.60 

16.00 

89.00 

35.00 

29.00 

28.00 

15.60 

8.00 

5.30 

4.20 

4.60 

4.20 

4.00 

4.10 

3,80 

8.60 

4.40 

6.70 

6.90 

4.10 

3.70 

3.60 

13.60 

28.00 

20.60 

14.20 

11;  20 

8.00 

5.80 

6.60 

6.00 

88.60 

42.00 

89.00 

31.00 

23.40 

17.20 

14.20 

12.00 

8.80 

5.80 
6.10 
6.00 
6.30 
6.20 
6.00 
5.80 
5.60 
5.90 
5.00 
4.90 
4.70 
4.00 
5.10 
5.00 
4.90 
4.50 
4.90 
8.60 
12.90 

12.90 

12 

11.50 

13 

9.20 

14 

8.40 

15 

7.30 

16 

7.00 

17 

16.00 

18 

26.00 

19 

22.60 

20 

17.80 

21 

14.80 

22 

10.70 

28 

9.00 

24 

8.00 

25 

7.70 

26 

7.00 

27 

6.20 

28 

6.20 

29 

5.90 

80 

5.80 

31 

6.00 

1894. 

1 

8.00 

9.30 

7.30 

7.0O 

6.00 

6.10 

6.40 

23.00 

27.00 

23.50 

15.90 
11.60 
10.60 

9.70 
12.80 
15.00 
12.00 
10.90 

8.60 
12.00 

25.00 
28.20 
26.50 
22.00 
18.00 
16.10 
12.80 
10.00 
8.30 
8.30 

5.70 
5.40 
5.00 
4,90 
5.00 
5.80 
4.80 
4.60 
4.40 
4.10 

3.40 
3.40 
3.30 
3.30 
3. -20 
3.40 
10.60 
9.80 
7.50 
5.40 

7.20 
5.30 
4.00 
3.60 
3.10 
2.60 
2.50 
2.30 
2.00 
2.10 

2.10 
2.10 
5.00 
7.70 
7.60 
5.80 
4.60 
8.90 
8.80 
3.10 

6.00 
7.00 
5.50 
14.00 
25.40 
31.20 
84.40 
29.60 
24.70 
19.00 

5.00 
4.30 
8.90 
3.40 
4.20 
4.60 
4.00 
3.80 
8.60 
3.40 

14.80 

12.90 
9.40 
7.20 
6.60 

11.80 
9.70 
7.00 
6.00 

29.00 

12.60 

12.00 

10.00 

14.20 

20.00 

15.90 

11.60 

8.70 

7.00 

6.20 

4.90 

2 

4.30 

3 

4.40 

4 

4.10 

5 

4.40 

6 

5.10 

7 

5.40 

8 

5.50 

9 

5.60 

10 

5.70 

" 

25.60 

10.20 

8.30 

4.20 

4.80 

2.00 

2.60 

12.20 

3.10 

47.40 

6.50 

5.80 

VI 

23.50 

8.60 

8.00 

8.30 

4.40 

2,00 

2.50 

9.00 

2.60 

47.90 

6.20 

10.20 

13 

19.50 

8.20 

7.80 

8.60 

3.30 

1.90 

2.00 

7.tK) 

2.30 

38.80 

6.20 

17.20 

14 

17.00 

8.00 

7.30 

7.00 

3.20 

1.60 

1.80 

8.80 

1.90 

29.00 

6.80 

18.40 

15 

15.40 

13.60 

7.30 

6.20 

3.60 

1.60 

1.60 

8.10 

1.90 

22.80 

6.60 

12.00 

16 

14.40 

27. 40 

7.00 

5.00 

3.40 

1.50 

1.60 

8.40 

1.80 

16.60 

7.10 

10.40 

17 

12.00 

28.00 

6.  IX) 

4.70 

4.20 

1.20 

l.W 

10.40 

1.50 

12.40 

6.20 

8.00 

18 

11.  W) 

23.  HO 

6.  m 

4.30 

4.00 

1.10 

2. 10 

10.  :h) 

1.40 

8.60 

6.90 

7.20 

19 

11.0(» 

IN.  CO 

H.W 

4.20 

4..W 

1.00 

xm 

y.oo 

4.60 

7.20 

6.40 

6.60 

20...-. 

10.  (K) 

16.00 

i».70 

4.00 

»;.H0 

l.:«) 

2.90 

7.80 

12.00 

5.80 

5.90 

6.00 

21 

8.20 

15.00 

S.50 

5.60 

10.00 

2.90 

2.70 

8.60 

8.90 

6.20 

5.90 

5.90 
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Daily  ^age  height^  in  feet ^  of  Cape  Fear  River  at  Fayettevi^le,  N.  C. — Continued. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

3.00 
2.70 
2.80 
2.80 
2.20 
1.80 
1.80 
1.70 
1.70 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1894. 
22 

7.30 
7.00 
6.80 
7.00 
7.00 
6.80 
6.60 
7.00 
11.40 
17.00 

12.40 
11.00 
11.00 
11.20 
12.00 
14.40 
20.00 

7.00 
6.90 
6.30 
6.00 
6.90 
8.60 
8.00 
7.00 
6.50 
6.00 

5.80 
6.80 
5.30 
5.00 
4.20 
4.00 
8.70 
8.70 
3.50 

8.00 
6.40 
7.20 
8.40 
8.20 
7.00 
4.90 
4.80 
4.30 
4.60 

2.30 
4.80 
8.00 
14.20 
11.00 
7.70 
4.60 
3.90 
8.30 
4.50 

10.30 

11.20 

16.50H 

14.00 

11.50 

8.00 

6.50 

5.40 

6.00 

6.10 

5.00 

4,90 

5.40 

5.40 

4.40 

5.50 

5.70 

5.80 

7.00 

5.20 

4.50 

4.20 

4.90 

5.00 

6.70 

15.60 

21.00 

16.50 

10.00 

6.20 

5.10 

6.70 
5.60 
6.00 
4.70 
3.60 
5.30 
9.40 
11.00 
7.00 
5.90 

7.00 

5.20 

4.20 

3.30 

2.90 

4.00 

11.60 

17.00 

15.50 

5.00 
4.30 
4.40 
4.40 
4.00 
8.70 
8.40 
3.20 
3.20 
4.70 
6.00 
4.70 
4.50 
8.90 
3,10 
2.80 
2.80 
2.60 
2.40 
!2.10 
2.10 
2.00 
1.70 
1.70 
1.60 
1.50 
1.40 
1.30 
1.30 
1.30 

6.80 

5.60 

6.60 

5.40 

5.30 

6.50 

10.50 

16.60 

13.20 

10.40 

6.00 
5.70 
5.40 
5.40 
6.60 
6.20 
6.00 
4.90 
4.60 

6  30 

23 

24 

5.50 
5.10 

25 

6.00 

26 

4.90 

27 

4.90 

28 

8.60 

29 

ao 

81 

u.eo 

8.90 
7.00 

ia95. 
1 * 

6.00 

6.00 

6.00 

6.40 

7.80 

7.40 

6.10 

5.90 

8.00 

87.00 

62.00 

68.00 

66.40 

47. «) 

38.00 

26.60 

17.80 

14.80 

12.00 

11.00 

10.40 

9.90 

11.00 

10.40 

9.70 

11.00 

29.00 

24.20 

20.20 

24.00 

26.40 

28.00 
26.00 
28.00 
27.80 
28.40 
18.90 
16.20 
14.00 
11.80 
11.00 
10.00 
9.80 
9.40 
9.00 
8.80 
9.20 
10.50 
11.60 
14.00 
16.20 
16.40 
18.40 
18.90 
19.00 
16.40 
16.20 
12.00 
11.20 

10.20 
9.80 
12.00 
24.80 
25.20 
19.20 
17.00 
15.40 
28.60 
20.00 
18.70 
17.80 
20.60 
28.00 
30.40 
26.50 
24.00 
20.20 
18.00 
14.80 
31.00 
41.00 
37.10 
30.10 
23.40 
18.20 
15.00 
12.80 
10.20 
9.90 
9.40 

9.00 
8.40 
10.90 
11.00 
11.00 
9.40 
9.00 
11.50 
42.00 
47.70 
46.40 
35.00 
25.20 
18.50 
14.20 
11.80 
12.40 
29.20 
36.70 
32.50 
26.50 
18.00 
14.00 
12.90 
12.20 
10.20 
12.00 
18.50 
28.00 
39.30 

44.60 

40.80 

33.60 

27.00 

22.00 

17.90 

14.20 

17.20 

18.00 

14.80 

11.80 

12.40 

11.20 

10.90 

9.00 

8.50 

8.40 

8.00 

11.80 

10.40 

12.00 

8.40 

7.80 

7.20 

8.00 

8.70 

10.80 

10.20 

9.50 

8.00 

7.10 

8.70 
5.00 
8.00 
12.80 
10.40 
8.30 
6.00 
4.50 
4.40 
3.90 

6.00 
5.20 
4.10 
4.00 
4.00 
4.20 
4.00 
4.50 
4.40 
4.30 
4.10 
5.30 
7.00 
9.40 
8.40 
10.20 
11.00 
12.20 
8.90 
5.80 
4.80 
4.20 
5.20 
5.60 
4.50 
4.50 
7.20 
9.10 
10.20 
9.20 

4.80 
4.80 
4.10 
3.80 
3.60 
3.40 
3.10 
3.70 
3.90 
4.70 
4.40 
4.00 
4.30 
8.00 
7.00 
7.20 
12.90 
20.00 
20.20 
15.30 
11.50 
8.90 
8.00 
8.30 
6.80 
5.70 
4.80 
5.60 
7.00 
6.40 
6.10 

1.20 
1.10 
1.00 
1.00 
.70 
.90 
1.10 
1.30 
1.60 
1.90 
1.70 
1.60 
2.00 
2.00 
1.80 
1.60 
1.50 
1.30 
1.50 
1.50 
1.20 
1.80 
1.40 
1.30 
1.30 
1.10 
1.30 
1.20 
1.40 
1.30 
1.60 

4.20 
6.00 
6.00 
7.00 
6.00 
4.80 
4.10 
3.60 
3.20 
3.10 
3.70 
7.00 
8.90 
6.60 
6.40 
4.40 
4.00 
8.80 
8.50 
3.20 
3.10 
3.10 
3.00 
2.90 
2.80 
2.80 
3.00 
4.50 
4.00 
4.00 

8.60 

2 

3.10 

3 

8.20 

4 

8.00 

5 

8.00 

6 

8.00 

7 

2.90 

8 

2.80 

9 

2.60 

10 

8.90 

11 

10.60 

12 .— 

IS 

18.20 
10.00 

14 

8.20 

16 

16 

17 

18 

6.20 
6.20 
4.70 
4.80 

19 

4.10 

20 

4.20 

21 

4.00 

22 

4.00 

28 

24 

18.60 
13.40 

26 

9.20 

26 

7.00 

27 

6.80 

28 

5.00 

29 

4.90 

30 

4.80 

81 

6.00 

189& 

18.00 
18.90 
11.40 
8.00 
6.50 
6.70 
4.60 
4.40 
4.60 
4.60 

6.60 
6.60 
7.90 
27.70 
31.00 
30.00 
46.40 
48.00 
45.00 
42.40 

9.00 
10.40 
9.30 
7.60 
6.80 
6.00 
5.80 
5.80 
6.40 
6.40 

7.50 

9.50 

22.60 

19.40 

13.00 

9.80 

8.00 

6.80 

6.00 

5.40 

4.0O 

3.20 

2.70 

4.00 

19.00 

20.00 

14.00 

10.00 

8.00 

6.20 

7.00 

5.30 

4.00 

3.50 

3.50 

5.90 

4.40 

16.00 

34.80 

47.50 

3.30 
4.30 
4.00 
8.30 
3.00 
3.00 
2.80 
2.60 
2.30 
2.00 

1.30 
1.10 
1.00 
.80 
1.60 
3.00 
8.50 
'    9.50 
5.50 
4.00 

31.00 

26.80 

19.50 

12.90 

7.80 

4.90 

4.20 

3.60 

3.20 

8.00 

2.50 

2.70 

2.70 

3.00 

4.30 

17.00 

19.00 

14.30 

10.40 

7.70 

6.00 

2 

15.40 
14.00 

4 

12.40 

5 

10.40 

6 

9.50 

9.60 

8 

13.50 
14.50 

10 

13.60 
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Daily  gage  height  ^  infect,  of  Cape  Fear  River  at  Fayetieville,  N.  C. — Continued. 


Day. 

Jan. 

Feb. 

Mar. 

6.50 
7.80 
11.00 
10.00 
8.60 
7.20 
7.50 
8.00 
7.80 
8.50 
10.50 
9.60 
7.80 
6  80 
6.50 
6.60 
7.00 
6.30 
6.2(^ 
5.80 
5.30 

Apr. 

5.20 
6.50 
5.50 
5.00 
4.90 
5.00 
4.90 
4.70 
4.50 
4.20 
4.00 
8.80 
3.60 
3.50 
4.00 
4.60 
7.00 
6.50 
4.90 
4.10 

7.70 

8.00 

7.30 

8.00 

9.30 

27.00 

28.30 

22.00 

15.40 

23.50 

28.00 

22.70 

18.30 

14.30 

12.80 

10.20 

10.00 

9.80 

8.40 

7.70 

7.00 

6.70 

6.80 

5.80 

5.50 

5.50 

5.20 

4.70 

4.50 

4.40 



May. 

3.50 
3.20 
2.80 
2.80 
2.60 
2.60 
2.50 
2.10 
2.40 
2.30 
3.50 
4.10 
8.17 
11.40 
17.40 
12.00 
9.50 
8.00 
7.20 
6.00 
5.00 

June. 

6.00 
6.00 
5.00 
7.00 

10.90 
8.50 
5.70 
4.60 
6.00 
5.30 
6.40 
5.00 
4.30 
4.50 
6.40 
7.80 
8.60 
6.00 

10.80 
8.90 

7.00 
8.60 
6.50 
5.00 
4.20 
4.30 
7.00 
."i.SO 
7.00 
7.80 
.5.50 
4.40 
4.20 
3.50 
3.20 
3.00 
2.70 
3.00 
3.50 
4.50 
4.30 
3.50 
3.00 
2.40 
1.80 
4.80 
3.40 
2.80 
3.70 
4.00 

July. 

49.50 

47.00 

41.00 

30  30 

19.00 

14.40 

9.50 

9.30 

9.00 

8.70 

8.90 

8.30 

7.90 

7.20 

7.50 

7.00 

5.20 

4.30 

3.70 

z.m 

3.40 

5.00 
3.20 
2.60 
2.00 
1.90 
3.90 
4.20 
4.80 
4.20 
4.00 
4.00 
3.90 
6.00 
11.10 
6.00 
4.60 
3.20 
3.20 
3.80 
5.50 
16.50 
25.30 
16.40 
12.70 
8.50 
6.10 
7.00 
7.30 
6.90 
5.60 
5.00 

Aug. 

2.00 

1.90 

2.70 

4.00, 

S.40 

3.70 

3.70 

3.00 

2.60 

2.50 

2.50 

2. 10 

2.70 

2.00 

2.40 

4.00 

3.70 

2.70 

2.00 

1.90 

1.40 

Sept. 

3.30 
2.50 
2.00 
1.60 
1.40 
1.20 
1.00 
1.60 
1.90 
3.00 
2.50 
1.50 
6.00 
6.80 
5.00 
3.90 
3.20 
2.90 
3.50 
8.00 

Oct. 

Nov. 

6.00 
4.80 
4.60 
4.50 
4.50 
4.80 
4.20 
4.00 
4.00 
3.80 
3.60 
3.60 
3.20 
3,10 
8.00 
3.00 
3.00 
3.30 
8.20 
3.60 

1  Dec, 

1896« 
11 

4.70 

4.40 

4.20 

4.00 

4.10 

4.00 

6.00 

19.00 

26.00 

21.40 

15.00 

12.20 

10.00 

25.00 

25.60 

21.00 

16.20 

12.00 

9.40 

8.10 

7.0O 

86.00 

30.40 

19.00 

16.20 

17.40 

16.00 

13.40 

11.60 

10.50 

10.60 

9.80 

9.00 

8.00 

7.80 

7.80 

7.70 

7.40 

7.80 

7.90 

2.70 
2.70 
2.70 
3.00 
8.30 
8.20 
8.00 
2.90 
2.60 
2.40 
2.10 
2.20 
2.30 
2.70 
4.40 
4.10 
8.50 
8  00 
2.80 
2.60 
2.60 

11.70 

12 

9.50 

13 

8.20 

14 

7.00 

15 

7.50 

16 

1      9.40 

17 

14.00 

18 

12.90 

19 

9.00 

20 

9.00 

21 

8.20 

22 

7.00 

28 

6.90 

24 

6.90 

95 

5.40 

26 

4.60 

27 

5.00 

28 

4.90 

2d 

4.80 

80 

4.90 

31 

5.00 

1897. 
1 

6.20 
6.00 
6.60 
6.50 
6.80 
6.00 
4.80 
4.60 
4.60 
4.40 
4.20 
4.10 
4.00 
4.50 
6.00 
6.40 
7.80 
7.00 
8.50 
9.60 
7.80 
20.40 
24.55 
16.80 
12.60 
8.50 
7.20 
7.00 
6.60 
6.90 
6.60 

5.50 
5.90 
25.00 
27.00 
19.70 
16.00 
29.10 
86.60 
82.00 
24.30 
17.60 

laoo 

18.20 
19.00 
16.30 
12.80 
18.20 
15.00 
12.90 
10.80 
14.00 
24.30 
23.50 
23.50 
24.20 
23.30 
20.40 
16.60 

13.40 

11.70 

10.20 

9.00 

8.  .50 

7.60 

9.20 

25.60 

26.20 

20.00 

21.40 

22.00 

29.70 

32.00 

36.40 

37.60 

87*60 

29.00 

23.80 

19.20 

18.00 

16.60 

13.70 

11.20 

10.00 

9.30 

8.40 

8.00 

7,40 

7.20 

7.20 

fi.10 

10.00 

14.40 

13.20 

9.30 

8.00 

6.30 

6.60 

5.00 

4.60 

4.20 

6.20 

6.00 

10.00 

17.40 

14.00 

10.30 

8.30 

6.70 

5.50 

4.80 

4.50 

4.30 

4.20 

4.30 

4.60 

4.50 

4.40 

4.00 

4.40 

4.30 

4.70 
3.20 
3.00 
2.70 
2.20 
2.60 
4.10 
6.80 
6.20 
6.20 
5.40 
4.30 
3.50 
3.00 
2.40 
3.80 
3.00 
2.50 
2.20 
3.00 
3.20 
5.00 
5.20 
6.50 
5.00 
4.90 
4.00 
3.50 
2.90 
2.50 
2.50 

2.20 

4.60 

3.60 

3.00 

2.50 

2.10 

1.80 

1.50 

1.10 

1.10 

1.10 

1.10 

.90 

.80 

.70 

.60 

30 

80 

.80 

.90 

1.40 

1.40 

1.10 

1.10 

1.10 

1.10 

.90 

1.10 

.80 

.70 

0.70 

.70 

.80 

.60 

.70 

.60 

.90 

.20 

.20 

.80 

.60 

.60 

.60 

.60 

.40 

.30 

.30 

.30 

.30 

.40 

.90 

1.60 

1.60 

1.70 

2.00 

2.20 

1.90 

1.90 

1.70 

1.90 

1.70 

-1 

.1.90 
5.50 
9.70 
9.30 
7.20 
6.00 
4.00 
3.50 
2.90 
2.60 
2.40 
2.50 
2.40 
2.90 
2.00 
2.00 
1.80 
1.60 
1.90 
1.90 
1.70 
1.70 
1.70 
1.50 
1.40 
1.60 
1.70 
1.90 
2.30 
3.50 

6.50 

2 

6.00 

8 

5.10 

4..... 

4.60 

6 

4.30 

6 

5.10 

7 

5.20 

8 

4.70 

9 

4.10 

10 

3.70 

11 

S.40 

12 

8.90 

18 

a.  30 

14 

3.00 

16 

3.00 

16 

4.00 

17 

4.90 

18 

5.20 

19 

4.50 

20 

3.90 

21 

3.50 

22 

3.50 

23 

4.80 

24 

9.00 

26 

7.80 

26 

5  70 

27 

6.00 

28 

10.00 

29 

9.60 

30 

7.10 

31 

5.00 

NK-WELI..! 
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I^ily  gfu/f  height y  in  feet,  of  Cape  Fear  River  at  Faifetteiille,  X,  C. — Continued. 


1 

Day.          1 

1 

Jan. 

1 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

t>ct. 

Nov. 

L._. 

X^GCa 

I 
1H98. 

1 

1 1 

5.00 

5.00 

3.60 

21.00 

6.60 

3.20 

2.00 

6.00 

10.80 

2.90 

14.00 

6.10 

2 

4.90 

4.90 

3.20 

17.30 

5.60 

3.00 

2.00 

7.00 

9.60 

2.60 

9.80 

6.90 

3 

4.50 

4.80 

3.50 

11.00 

5.00 

3.00 

1.60 

7.00 

7.20 

2.40 

7.10 

6.70 

4 

4.90 

4.40 

3.60 

9.40 

4.30 

2.70 

1.20 

6.40 

5.70 

2.  .50 

6.60 

8.40 

6 

3.70 

4.00  ' 

7.00 

6.00 

4.10 

2.30 

1.00 

5.20 

14.00 

2.40 

4.70 

16.00 

6 

3.70 

3.90 

20.60 

12.80 

3.80 

1.90 

5.10 

5.00 

18.80 

2.60 

4.20 

18.00 

7 

3.60 

3.80 

17.70 

21.50 

3.10 

1.40 

12.00 

4.10 

14.00 

6.60 

8.80 

14.60 

8 

4.00 

3.60 

11.00 

15.30 

8.00 

1.20 

16.20 

3.00 

12.60 

5.60 

5.40 

11.80 

9 

3.60 

3.50 

8.70 

11.70 

7.00 

1.10 

12.40 

3.00 

13.20 

4.20 

6.00 

9.00 

10 

3.60 

3.40 

7.90 

8.00 

6.30 

1.20 

10.20 

2.60  1  10.00 

8.40 

4.80 

7.00 

11 

3.40 

3.40 

6.80 

7.00 

6.40 

1.10 

12.60 

2.30 

8.70 

2.70 

4.30 

6.50 

12 

3.30 

3.60 

5.20 

6.10 

4.50 

1.10 

8.00 

3.70 

6.60 

2.80 

3.70 

5.80 

13 ' 

3.40 

3.60 

4.90 

5.90 

4.00 

1.20 

6.00 

6.00 

5.00 

2.00 

3.60 

5.80 

14 

3.60 

3.40 

5.00 

5.70 

3.70 

1.30 

6.10 

9.40 

4.80 

1.90 

3.90 

5.30 

15 

3.80 

3.20 

5.10 

5.40 

6.00 

1.30 

6.10 

16.00 

4.10 

1.80 

4.30 

5.00 

16 

3.60 

2.90 

8.00 

5.40 

4.90 

2.60 

5.50 

14.00 

3.80 

1.80 

6.00 

5.00 

17 

3.70 

2.90 

9.20 

6.60 

5.10 

3.90 

5.60 

10.00 

3.60 

1.60 

7.00 

4.80 

18 

8.60 

2.90 

7.70 

6.40 

4.70 

4.30 

4.10 

7.00 

3.40 

1.80 

9.80 

4.60 

19 

3.70 

3.10 

6.20 

4.70 

4.20 

3.90 

6.00 

9.30 

3.10 

2.00 

10.20^ 

4.70 

20 

3.80 

4.60 

6.50 

4.40 

4.00 

4.00 

5.60 

22.20 

2.90 

5.00 

11.00 

4.60 

21 

3.60 

5.80 

5.00 

4.20 

3.60 

7.00 

5.60 

29.00 

2.60 

5.00 

12.20 

5.80 

22 

4.10 

5.70 

5.00 

4.00 

3.00 

7.00 

4.20 

29.20 

2.20 

4.60 

9.60 

6.10 

23 

4.40 

6.00 

4.70 

3.90 

3.00 

6.50 

3.60 

23.60 

2.60 

10.00 

7.80 

8.00 

24 i 

4.40 

5.60 

4.50 

4.10 

2.90 

4.30 

10.00 

18.00 

16.00 

9.80 

5.60 

7.30 

26 ! 

4.40 

5.10 

4.20 

4.40 

12.00 

3.20 

7.00 

10.30 

14.00 

6.00 

6.10 

7.00 

26 ' 

5.50 

4.50 

5.00 

7.20 

11.40 

2.70 

6.00 

6.00 

9.80 

4.60 

6.00 

6.40 

27 : 

14.00 

4.10 

6.00 

10.40 

9.00 

2.20 

4.60 

6.10 

7.00 

4.70 

5.10 

5.60 

28 

11.00 

3.80 

6.60 

10.70 

6.70 

1.70 

4.10 

6.20 

6.00 

4.50 

4.70 

5.80 

29 

9.20 

4.70 

12.00 

5.00 

1.60 

4.00 

7.00 

3.90 

3.60 

4.40 

5.10 

30 

6.50 

4.80 

9.60 

4.00 

2.10 

3.90 

8.60 

3.40 

3.60 

4.70 

4.90 

31 

5.90 

14.80 

3.50 

4.00 

11.00 



10.00 

4.70 

1899. 

1 

4.50 
4.60 

11.00 
18.10 

30.80 
25.00 

17.80 
17.00 

7.20 
6.00 

6.00 
6.40 

2.90 
6.40 

11.60 
10.00 

2.40 
2.20 

2.00 
1.70 

U.OO 
21.40 

8.00 

2 

6.40 

3 

6.50 

14.00 

21.00 

14.00 

6.00 

8.00 

8.00 

8.80 

1.90 

1.70 

17.60 

6.50 

4 

6.50 

12.80 

28.60 

12.20 

5.60 

7.60 

7.60 

7.00 

1.60 

1.50 

12,80 

7.00 

5 

5.80 

5.50 

5.60 

17.00 

21.40 

23.00 
81.90 
41.00 
60.80 
62.00 

34.40 
33.20 
27.40 
25.00 
20.00 

15.60 
21.00 
17.60 
23.20 
35.50 

5.60 
6.60 
6.60 
8.60 
14.20 

6.10 
4.20 
4.20 
3.«0 
3.60 

6.10 
4.20 
.4.20 
3.80 
8.30 

5.60 
4.20 
3.20 
2.60 
7.00 

1.60 
1.60 
1.40 
2.00 
1.80 

1.40 

2.10 

14.40 

13.60 

17.00 

10.40 
8.80 
6.50 
5.00 
6.00 

6.70 

6 

5.60 

7 

5.10 

8 

4.90 

9 

4.70 

10 

14.90 

47.30 

15.00 

30.30 

13.00 

4.50 

9.30 

10.20 

1.90 

13.20 

5.00 

4.30 

11 

10.20 
8.00 

37.40 
80.00 

11.60 
10.20 

23.00 
19.40 

9.80 
10.90 

7.60 
8.10 

6.40 
6.00 

7.00 
6.50 

1.80 
5.70 

10.00 
7.00 

4.80 
4.60 

4.30 

12 

4.60 

13 

9.30 
10.00 
19.00 
23.60 

20.80 
12.80 
10.00 
12.50 

9.40 

8.70 

18.60 

38.60 

16.80 

13.60 

10.20 

9.80 

11.00 
15.40 
17.30 
12.00 

10.00 

11.10 

8.00 

6.80 

3.(i0 
3.10 
2.60 
2.40 

4.60 
3.70 
3.00 
2.70 

4.00 
4.00 
4.60 
4.00 

6.00 
4.50 
3.80 
3.50 

4.60 
4.80 
4.00 
4.00 

4.00 

14 

14.00 

15 

10.00 

16 

7.60 

17 

17.20 
14.50 
13.40 
11.00 
9.20 

21.00 
36.50 
42.60 
43.00 
38.60 

42.00 
38.00 
28.00 
28.80 
32.00 

9.00 
10.00 
9.20 
9.40 
9.00 

9.70 
7.20 
6.  .50 
6.30 
5.20 

n.oo 

4.60 
4.10 
3.70 
3.20 

2.40 
4.60 
4.00 
8.60 
3.00 

2.50 
2.40 
2.70 
2.70 
2.30 

2.  .TO 
1,80 
1.60 
1.80 
2.60 

:i.50 
3.00 
3.:» 
3.00 
2.70 

4.00 
3.90 
3.80 
3.60 
3.60 

6.00 

18 

5.40 

19 

5.00 

20 

4.80 

21 

4.60 

40 
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[NO.  88b 


Daily  gage  height j  in  feet y  of  Cape  Fear  B^ver  at  FayettevHUy  N.  C. — Continued. 


Day. 


1899 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

1900 

1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

18 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 

1901. 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 


Jan. 


8.00 
7.00 
6.20 
6.20 
6.00 
7.00 
6.80 
6.60 
6.60 
7.00 


6.00 

4.90 

4.30 

4.40 

4.20 

4.40 

4.20 

4.10 

3.90 

3.90 

4.80 

9.00 

21.30 

21.00 

17.30 

12.00 

9.10 

7.60 

6.60 

7.70 

12.60 

14.00 

11.70 

8.00 

7.10 

6.60 

6.10 

6.60 

6.70 

6.50 

5.30 

12.00 
11.40 
10.00 
8.20 
6.00 
6.70 
6.20 
4.60 
4.00 
4.20 


Feb. 


34.00 
28.30 
23.00 
18.20 
16.40 
17.00 
28.40 


5.20 

6.00 

4.60 

4.40 

6.30 

7.60 

10.00 

8.00 

6.40 

7.00 

10.00 

20.80 

26.70 

86.00 

35.80 

30.00 

24.70 

18.40 

18.70 

9.00 

8.20 

9.10 

23.00 

23.00 

17.60 

21.00 

19.00 

14.10 


I 


6.40 
6.40 
6.60 
5.60 
9.00 

11  00 
8.20 
6.40 
6.00 

10.00 


Mar. 

Apr. 

26.00 

8.60 

18.00 

8.40 

14.70 

8.00 

12.00 

6.60 

10.00 

7.00 

10.00 

10.00 

12.00 

11.40 

17.80 

10.00 

21.70 

8.80 

19.20 

12.00 

9.00 

27.00 

7.70 

33.70 

6.90 

29.00 

6.70 

22.30 

9.10 

16.00 

10.00 

11.70 

9.20 

9.70 

6.70 

10.00 

6.00 

23.00 

5.80 

19.00 

5.80 

17.20 

5.60 

14.30 

18.00 

10.40 

18.00 

8.70 

14.40 

9.80 

10.20 

19.00 

7.00 

19.00 

6.00 

15.00 

6.00 

12.40 

38.00 

10.00 

44.00 

9.40 

44.00 

8.50 

88.00 

7.60 

83.00 

7.00 

26.00 

9.80 

22.00 

14.00 

17.00 

14.00 

12.20 

11.60 

10.00 

9.80 

8.30 

9.60 

4.20 

12.80 

4.00 

9.60 

3.90 

14.40 

3.70 

46.90 

3.70 

47.70 

3.70 

41.70 

3.30 

30.80 

3.10 

28.80 

8.10 

16.60 

3.00 

10.00 

May. 


5.00 
5.80 
6.30 
6.00 
5.60 
6.30 
4.70 
4.20 
4.20 
5.00 


8.30 
9.70 
7.30 
6.90 
6.40 
5.60 
5.30 
5.00 
5.  GO 
4.90 
5.50 
5.60 
5.00 
4.70 
4.00 
3.80 
8.80 
3.60 
8.00 
18.00 
14.00 
10.40 
7.00 
5.40 
5.70 
5.50 
5.50 
5.00 
4.50 
4.00 
3.70 


June. 


8.20 
3.00 
3.10 
2.90 
2.60 
2.80 
3.10 
3.60 
3.20 


3.20 
3.20 
3.00 
2.80 
2.80 
2.70 
2.70 
2.60 
3.60 
8.90 
4.20 
4.20 
3.00 
2.60 
2.60 
3.00 
2.70 
6.60 
14.00 
8.00 
5.70 
4.40 
4.00 
12.00 
17.40 
16.00 
13.70 
8.00 
6.50 
5.00 


6.20 

13.80 

4.80 

10.00 

4.60 

9.00 

4.60 

7.80 

4.30 

6.30 

4.00 

6.80 

8.90 

6.00 

4.00 

5.90 

6.00 

5.60 

5.60 

5.40 

July. 

Aug. 

2.40 

2.20 

2.80 

5.00 

2.80 

8.70 

4.00 

2.60 

6.40 

2.70 

7.00 

2.10 

12.80 

1.60 

11.70 

1.60 

9.90 

1.50 

7.60 

2.90 

6.00 

2.60 

4.30 

2.80 

4.00 

2.20 

3.60 

1.80 

3.10 

1.80 

3.60 

1.40 

3.10 

1.40 

3.10 

1.20 

2.60 

.90 

2.20 

.80 

1.80 

.70 

1.60 

.70 

1.40 

.70 

1.80 

.70 

6.00 

.80 

3.00 

.60 

2.50 

.50 

2.00 

4.50 

1.70 

3.90 

1.50 

2.80 

1.30 

2.40 

1.10 

1.70 

1.00 

1.60 

.90 

3.60 

3.60 

2.20 

3.80 

2.30 

4.60 

1.70 

12.00 

1.20 

9.00 

.90 

6.80 

.90 

4.60 

1.10 

9.20 

4.70 

10.00 

4.90 

9.50 

4.20 

7.00 

4.00 

5.50 

3.60 

4.60 

6.00 

3.80 

29.40 

4.10 

43.60 

6.00 

44.80 

10.20 

38.00 

Bept. 


4.00 
3.70 
3.20 
2.60 
2.90 
3.70 
3.90 
8.00 
2.50 


Oct. 


5.00 

4.50 

3.80 

2.60 

1.80 

1.20 

.80 

.70 

.60 

.40 

.60 

.50 

.30 

.40 

.50 

2.10 

10.40 

8.40 

4.60 

3.20 

2.10 

1.70 

1.40 

1.30 

1.00 

.90 

.80 

1.80 

1.00 

1.10 


11.00 
13.60 
12.40 
9.80 
7.60 
6.50 
5.80 
5.50 
5.30 
5.00 


2.60 
2.20 
2.30 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
4.20 


0.90 

.80 

.70 

.60 

.90 

1.20 

1.00 

.80 

.70 

.70 

.90 

.80 

1.80 

1.60 

1.30 

1.40 

2.90 

2.70 

1.90 

1.80 

1.20 

LOO 

.90 

.80 

.80 

.70 

.70 

.80 

.60 

.70 

.70 


10.40 
9.80 

10.00 
9.40 
8.50 
7.50 
6.80 
5.90 
5.80 
6.20 


Nov.  1  Dec. 


8.80 
8.30 
3.80 
4.00 
4.00 
4.60 
6.60 
10.00 
9.50 


0.60 
.60 
.70 
2.50 
12.50 
10.60 
7.00 
6.20 
4.00 
8.40 
2.90 
2.60 
2.40 
2.00 
1.90 
2.00 
1.80 
1.50 
1.80 
1.10 
1.00 
1.10 
1.10 
1.10 
1.10 
1.60 
1.50 
2.50 
8.20 
8.10 


3.60 
3.80 
8.80 
8.60 
8.60 
8.60 
3.70 
3.70 
8.70 
8.70 


4.00 
4.20 
5.40 
10.00 
12.00 
9.70 
7.90 
6.00 
5.90 


2.80 
2.20 
2.10 
2.90 
14.00 
15.00 
9.20 
8.40 
6.50 
4.80 
4.00 
8.50 
8.40 
8.30 
8.90 
3.40 
3.10 
3.00 
8.00 
2.60 
4.00 
12.80 
16.00 
11.40 
9.80 
7.00 
5.60 
4.40 
4.00 
4.40 
6.20 


3.80 
8.70 
3.60 
4.00 
4.00 
3.80 
4.10 
4.00 
3.80 
8.90 
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Dctiip  gage  neighij  infeety  of  Cape  Fear  IHver  at  FayeUevilUf  N.  C — Continued. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

AU8. 

Sept. 

4.70 

4.70 

4.40 

4.80 

4.10 

4.00 

7.80 

14.00 

37.50 

48.60 

40.00 

29.00 

21.80 

15.00 

10.40 

8.30 

7.20 

7.80 

9.00 

10.00 

1.00 

.90 

.90 

.50 

.60 

.80 

.80 

.80 

1.00 

1.10 

4.40 

5.80 

3.80 

8.60 

2.20 

1.60 

1.40 

1.00 

.90 

.90 

.80 

,70 

.80 

.70 

.50 

2.00 

4.60 

8.60 

8.00 

6.20 

Oct. 

Nov. 

Dec. 

1901. 
11 

4.50 

4.80 

12.90 

15.40 

11.00 

8.40 

6.70 

9.00 

12.20 

10.00 

8.60 

6.00 

5.20 

4.60 

5.30 

5.30 

6.40 

5.20 

4.60 

4.60 

5.00 

U.20 
9.80 

10.00 
9.50 
7.40 
6.60 

,  5.40 
6.00 
5.00 
4.80 
4.60 
4.40 
4.00 
4.00 
4.10 
4.00 
4.00 
3.90 

8.50 

4.80 

6.30 

5*00 

4.60 

4.00 

8.70 

3.40 

3.20 

8.10 

4.00 

4.50 

4.00 

8.90 

3.80 

5.60 

28.30 

86.00 

82.00 

26.80 

19.70 

7.00 

6.60 

6.00 

7.00 

20.40 

20.80 

16.00 

11.80 

9.30 

7.60 

8.30 

13.20 

14.00 

12.00 

14.00 

12.00 

9.60 

8.00 

7.00 

6.10 

7.70 

10.50 

10.00 

8.30 

7.00 

5.80 

4.70 

4.40 

6.00 

6.60 

10.00 

14.00 

48.00 

68.50 

54.70 

42.00 

83.90 

27.60 

27.20 

23.00 

18.00 

7.00 
7.00 
5.80 
5.80 
5.40 
5.00 
4.50 
4.60 
4.60 
4.80 
4.80 
4.60 
4.40 
6.20 
6.00 
6.00 
6.00 
6.40 
6.20 
6.60 
6.80 
5.80 
4.40 
3.90 
8.60 
8.80 
4.80 
5.00 
4.80 
4.00 
3.60 

5.00 

4.80 

4.40 

6.30 

9.40 

9.00 

14.40 

22.30 

23.00 

15.70 

11.40 

9.00 

13.40 

10.80 

9.00 

8.70 

7.80 

9.20 

16.60 

11.20 

10.00 

8.70 

7.00 

8.00 

80.10 

41.50 

36.50 

29.70 

25.30 

31.10 

33.00 

25.80 

18.20 

12.00 

10.30 

9.00 

6.80 

5.60 

5.40 

5.00 

4.60 

4.40 
3.30 
2.70 
2.40 
2.10 
1.80 
1.60 
1.40 
1.20 
3.30 
2.80 
2.30 
2.70 
8.50 
2.80 
2.60 
2.30 
2.30 
2.10 
1.60 
1.30 
1.60 
1.30 
1.00 
1.00 
1.70 
1.60 
1.10 
1.50 
1.90 
1.80 

30.70 
19.80 
11.00 
28.80 
42.00 
40.00 
32.00 
30.00 
26.60 
26.00 
23.80 
20.40 
15.60 
13.40 
20.00 
28.00 
17.80 
15.60 
16.40 
16.00 
12.60 

2.70 
2.30 
2.80 
1.80 
1.60 
1.40 
1.80 
2.10 
2.10 
1.80 
1.80 
8.00 
3.40 
2.40 
1.60 
1.70 
2.80 
2.80 
2.70 
2.40 
2.70 
2.50 
2.20 
2.20 
2.20 
2.10 
1.70 
1.40 
1.30 
1.80 
1.20 

5.20 
5.00 
4.80 
5.00 
9.00 
8.00 
6.20 
5.50 
5.00 
4.60 
4.40 
4.10 
3.80 
4.00 
3.90 
3.80 
4.00 
3.80 
3.60 
8.60 
3.50 

3.50 
3.50 
3.50 
3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.50 
8.50 
3.60 
.   3.50 
3.70 
6.00 
G.10 
5.00 
4.70 
4.60 
3.80 

2.60 
2.80 
2.00 
1.90 
1.70 
1.70 
2.30 
2.80 
3.20t 
8.60 
8.00 
2.50 
2.40 
2.20 
2.10 
1.80 
1.90 
1.90 
2.00 
6.50 
6.60 
5.20 
4.00 
3.50 
3.00 
3.70 
7.00 
10.00 
8.00 
6.00 

3.80 

Ill 

4.00 

13 

3.90 

14 

4.00 

15 

5.00 

16 

15.40 

17 

16.20 

18 

11.00 

19 

9.20 

20 

7.00 

21 

5.20 

22 

4.60 

28 

4.20 

24 

4.60 

25 

5.60 

26 

7.00 

27 

7.30 

28 

12.00 

29 

16.00 

30 

25.20 

31 

35.50 

1902. 

1 

2 

85.60 

30.00 

22.00 

16.60 

12.50 

9.00 

8.00 

7.00 

6.90 

6.90 

6.80 

6.60 

6.20 

5.80 

6.70 

5.80 

6.80 

5.30 

5.80 

5.80 

5.20 

11.50 

19.80 

17.20 

12.80 

10.00 

8.00 

7.60 

8.20 

10.00 

12.20 

17.00 

27.70 

89.80 

40.80 

86.80 

26.20 

19.00 

14.20 

11.00 

9.60 

8.00 

7.90 

7.80 

7.70 

7.50 

6.80 

7.90 

9.00 

9.80 

10.00 

10.80 

12.20 

18.60 

24.60 

26.90 

86.80 

88.80 

86.00 

40.60 

41.70 

39.80 

83.60 

29.80 

28.00 

19.90 

16.80 

18.60 

12.90 

12.00 

U.0O 

10.20 

9.20 

8.80 

8.70 

11.00 

20.00 

17.80 

14.00 

11.00 

9.80 

9.00 

8.60 

8.30 

8.00 

7.70 

7.20 

7.80 

15.60 

20.00 

16.80 

12.60 

10.20 

8.00 

7.30 

10.00 

8.80 

7.60 

8.00 

8.00 

8.50 

11.00 

11.00 

9.60 

8.00 

7.80 

6.80 

6.00 

5.80 

11.00 

9.60 

8.00 

7.30 

6.80 

6.00 

5.80 

6.70 

6.40 

6.10 

6.00 

8.10 
2.90 
2.80 
2.60 
2.50 
2.40 
2.30 
2.10 
2.20 
2.40 
2.20 
2.40 
2.50 
2.20 
1.90 
1.90 
2.40 
8.00 
7.80 
6.00 
6.00 
8.70 
3.00 
2.70 
2.70 
8.40 
4.40 
4.40 
4.70 
5.30 

3.90 
4.40 
5.80 
4.60 
4.00 
3.60 
5.70 
6.00 
5.00 
8.80 
3.30 
8.80 
7.00 
8.00 
6.10 
5.60 
4.70 
8.80 
3.00 
3.00 
2.90 
2.60 
1.90 
2.00 
2.00 
1.70 
1.60 
1.70 
1.90 
1.80 
2.80 

7.60 
20.00 

19.20 

4 

21.60 

5 

19.40 

6 

17.80 

7 

14.00 

8 

11.20 

9.70 

10 

7.00 

11 

12 

6.00 
5.60 

6.00 

14 

16.00 

15.60 

16 

11.20 

9.20 

18 

9.60 

10.00 

20 

8.40 

7.80 

22 

7.80 

14.80 

24 

14.00 

26 

9.80 

26 

8.60 

27 

7.00 

28 

6.20 

6.80 

80 

6.30 

81 

6.80 

42 
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[NO.  83. 


Ratintj  tahU'  for  Cape  Fear  River  at  FayeHevUle,  N.  ^'.^for  100**. 


Gage 
height. 

DiM'harge. 
Steoyid-feet. 

(iago 
height. 

Feet. 

DiHchargi*. 
Seetmd'/crt.  ' 

Ttagf 
height. 

Feet. 

Ditic-harge.  ' 

Gage 
height. 

1 

Diflchan^e. 

Feet. 

Second-feet. 

Seeonii-frri. 

0.5 

450 

.3.8 

1,620 

7.2 

3,048     , 

;    14.5 

6,650 

.6 

480 

4.0 

1,700 

7.4 

3,i:%    , 

15.0 

6,900     1 

.8 

540 

4.2 

1,780 

7.6 

3,224     ; 

15. 5 

7, 150     ! 

1.0 

600 

4.4 

1,860 

7.8 

3,312  ; 

16.0 

7,450 

1.2 

660 

4.6 

1,940  ; 

8.0 

3,400     1 

16.5 

7,725 

1.4 

720     ' 

4.8 

2,020 

8.5 

3.(>5o  ; 

17.0 

8,000     [ 

l.« 

780     1 

5.0 

2,100 

9.0 

3,900 

17.5 

8, 275 

1 

1.8 

840 

5.2 

2,180 

9.5 

4,150 

18.0 

1 

8,550     , 

2.0 

JK)0 

5.4 

2, 260     . 

10.0 

4,400 

19.0 

9,200     ' 

2.2 

980 

5. 6 

2,:«4    , 

10.5 

4,650 

20,0 

9, 850     1 

i       2.4 

1,060 

5.8 

2,432     1 

11.0 

4.900 

25.0 

13,350 

2.6 

1,140 

6.0 

2,520    1 

11.5 

5,150 

30.0 

18,600 

2.8 

1,220 

6.2 

2,608     1 

12.0 

5,400 

35.0 

26,350 

3.0 

1,300     , 

6.4 

2,696     ! 

12.5 

5,650 

'           1 

40.0 

35,050     ' 

3.2 

1,380    ; 

6.6 

2,784     ' 

13.0 

5,900 

!     45.0 

43, 800     1 

3.4 

1,460 

6.8 

2,872     ■ 

13. 5 

6,150 

50.0 

53, 550     i 

3.6 

1,540     ^ 

7.0 

2,960 

14.0 

6,400 

1 

1 

1 

1 
i 

Estimated  monthly  discharge  of  (  ape.  Fear  River  at  FayetteviU^^  N,  C. 

[Drainage  area,  4,493  Hqiiare  milef).] 

Note.— For  the  years  1889  to  1900,  inclusive,  the  dischaige  curve  above  80  feet  gage-height  is  not 
well  determined.  The  dischargeN  above  30  feet  g^c-hcight  are,  therefore,  approximate  for  thone 
years.  The  flret  discharge  mea.<*urement  was  made  in  1895.  The  computed  discnaives  for  1889  to  1892, 
inclusive,  are  from  measurements  made  during  the  years  1895  to  1899.  The  bed  of  the  stream  is 
believed  to  have  changed  but  little  from  1889  to  1899. 


Month. 


1889. 

Januar>' 

February 

March 

April 

May 

June 

July 

August 

September  ... 
October 


Discharge  in  .He<*oud-feet. 


Run-off. 


Rainfall. 


kximum. 

Minimum. 

Mean. 
17,  373 

Second- 
feet  per 
square 
mile. 

3.87 

Depth  in 
inches. 

Inches. 

41,250 

3, 570 

4.46 

6.11 

53,  250 

4,500 

17,244 

3.  84 

4.00 

3.94 

14,61)0 

2,000 

5,441 

1.21 

1.39 

2.99 

13,610 

1,910 

5,  395 

1.20 

1.34 

3.69 

6, 580 

1,042 

1,978 

.44 

.51 

4.85 

46, 050 

1,910 

7,082 

1.58 

1.76 

4.27 

58, 150 

2,805 

20,784 

4.63 

5.33 

10.38 

56, 150 

2,385 

15,881 

3.  53 

4.07 

6.60 

8,180 

2,  i:i5 

3, 452 

1         •  '' 

.85 

3.20 

18,910 

1,108 

,         3, 348 

.  75 

.86 

3.36 

NKWKLI..J 


CAPE    FEAR   RIVER   DRAINAGE    BASIN. 


43 


Estimated  monlhhi  discharge  of  Ccipe  Fair  Hirer  nt  FayetteviUe,  X.  C. — Continued. 


Month. 


1889. 

November 

December 


The  year 

1890. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November < 

December 


The  year 

1891. 

January 

February 

March 

April 

May 

Jane 

July 

August 

September 

October 

November 

December 


Diacbaixu  iu  second-feet. 


Maximum. 

Minimum. 

29,350 

2,695 

8,180 

1,515 

58,150 

1,108 
1,515 

3,245 

13, 610 

1,730 

16, 970 

3,050 

8,580 

2,485 

8,660 

1,275 

5,780 

1,075 

13, 610 

550 

18,360 

1,820 

Mean. 


Ruu-olT. 


Second- 
feet  per 
square 
mile. 


26 

16 

4 

13 


26 


The  year 

1892. 

January 

February 

March 


14 

44 

48 

13 

58 

28 

9 

53 

20 

4 

5 

7 


58 


69 
18 
20 


9 


190 
550 
350 
820 


190 


1,475 
1,275 
1,555 
1,730 

550 


870 
030 
450 
610 
400 
270 
060 
490 
236 
350 
140 
460 


2,920 
3,570 
5, 140 
2,585  I 
1,775 
1,515 
1,775  ; 
1,955 
1,730 
1,315 
1,174 
2, 695 


6 

10 

14 

6 

9 

5 

3 

15 

4 

2 

1 

3 


400 


1,174 


700 
470  I 
362  i 


2,920  ! 

2,920 

2,806 


14 
4 

5 


834 
451 


022 


1.74 
.54 


2.01 


921 

073 

381 

948 

666  J 

435 

763 

898 

397 

775 

125 

368 


312 


994 
419 
955 
595 
274 
839 
925 
851 
864 

:^i 

660 
501 

181 


162 
676 
881 


0.43 

1.13 

1.64 

.88 

.82 

.54 

.62 

1.77 

1.20 

.84 

.70 

.97 


Depth  in 
inchefl. 


Rainfall. 


.96  .     13.04 


Innhes. 


4.31 
.59 


54.29 


0.49 

1.93 

1.16 

3.77 

1.89 

2.71 

.98 

2.20 

.94 

4.93 

.62 

3.51 

.71 

6.08 

2.04 

3.18 

1.34 

5.34 

.97 

5.31 

.78 

.22 

1.12 

4.16 

43.33 


1.56 

1.79 

5.13 

2.32 

2.41 

5.12 

3.33 

3.84 

7.89 

1.47 

1.64 

2.50 

2.06 

2.38 

7.86 

1.29 

1.43 

3.43 

.87 

1.00 

7.31 

3. 53 

4.07 

9.13 

1.08 

1.21 

1.36 

.51 

.59 

1.93 

.37 

.41 

2.98 

.78 

.90 

1.84 

1.60 

21.67 

56.48 

3.15 

3.  as 

6.28 

1.04 

1.12 

3.20 

1.31 

1.61 

2.93 
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[NO.  8S. 


EstimiUed  monthly  dMuinji'  of  Cape  Fear  River  at  Fayetteinlle^  K,  C. — Continued. 


Month. 


1892. 

April 

May 

June 

July 

August 

September 

Oetol)er 

November 

December 

The  vear 

1893. 

January 

February 

March 

April 

May 

June , 

July 

August 

September 

October 

November 

December 

The  year 

1894. 

January 

February 

March 

April 

May 

June 

July 

August 

September 


Dii$charge  iti  second-feet. 

Ruu-off. 

Rainfall. 

Maximum. 

Minimum. 

Mean. 

Second- 
feet  per 
square 
mile. 

Depth  in 
inches. 

Inchesi. 

34,090 

3,440 

8,090 

1.80 

2.01 

2.56 

8,500 

2,885 

3, 437 

.76 

.88 

4.05 

13, 610 

1,865 

5,506 

1.23 

1.37 

5.90 

11,010 

1,475 

5,336 

1.19 

1.37 

5.75 

2,285 

440 

1,410 

.31 

.36 

2.95 

3,180 

464 

1,294 

.29 

.32 

2.33 

976 

440 

604 

.13 

.15 

.46 

3,  245 

440 

1,413 

.31 

.35 

3.60 

8,500 
69,700 

700 

2,a54 

.46 

.53 

2.95 

440 

4,488 

1.00 

13.60 

42.96 

16,461 

1,145 

3,865 

0.86 

0.99 

2.81 

41,873 

3,010 

18,596 

4.14 

4.31 

6.11 

12,453 

2,264 

4,356 

.97 

1.12 

1.48 

3, 334 

1,517 

2,211 

.49 

.55 

2.03 

27, 137 

1,145 

3,046 

.68 

.78 

5.31 

16, 627 

1,367 

3, 619 

.80 

.89 

5.38 

2,470 

519 

1,063 

.24 

.28 

3.13 

19, 587 

550 

2,798 

.62 

.71 

7.52 

37, 390 

1,417 

9,341 

2.08 

2.32 

5.81 

41,467 

1,417 

8,454 

1.88 

2.17 

6.56 

6,613 

1,890 

2,692 

.60 

.67 

1.70 

19,  723 

2,578 

5,750 

1.28 

1.48 

2.93 

41, 873 

519 
2,740 

5,483 

1.22 

16.27 

50.77 

21,082 

6,911 

1.54 

1.78 

4.03 

22,441 

3,766 

7,820 

1.74 

1.81 

3.67 

22,  712 

2,686 

5,973 

1.33 

1.53 

1.51 

4,102 

1, 367 

2,207 

.49 

.55 

1.61 

5,  245 

1,229 

2,418 

.54 

.62 

4.48 

3,384 

489 

1,006 

.22 

.25 

2.33 

7, 393 

678 

1,911 

.43 

.48 

6.34 

31,137 

1,417 

7, 193 

1.60 

1.84 

5.50 

9,099 

612 

2,  330 

.55 

.61 

5.69 
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Efiirnaied  monthly  dUcharge  of  Cape  Fear  Rir^r  at  Fayetterillet  N.  C. — Ck)ntinned. 


Month. 


1894. 

October 

November 

December 


The  year 

1895. 

January 

February 

March 

April 

May 

June. 

July 

August 

September 

October. 

November 

December 


Discharge  in  second-feet. 


Maximum. 


49,485 

11,569 

9,967 


49,485 


90,650 
22,441 
40,108 
49, 213 
44,728 

6,193 
12,928 
11,840 

2,156 
810 

4,270 
10,029 


The  year 

1896. 

Januarv 

•  February 

March 

April 

May 

Juue 

July  - t 

August 

September 

October 

November. 

December 

The  year 


90,650 


Minimum. 


19,  723 
49, 621 

5,477 
14,287 

6,553 
11,569 
52,340 

1,782 

4,616 
26,458 
10,339 

8,113 

52, 340 


2,318 
1,940 
1,674 

489 


2,632 
4,214 
4,550 
3,990 
3,280 
1,620 
1,728 
1,187 
581 
399 
1,075 
1,008 


399 


1,620 

2,956 

2,318 

1,367 

843 

1,041 

1,319 

612 

430 

843 

975 

1,940 

430 


Mean. 


9 
3 
3 


18 
9 
13 
15 
5 
2 
3 
3 
1 

1 
2 


6 

14 
3 
3 
2 
3 

10 
1 
1 
3 
2 
4 


770 
779 
386 


559 


334 
299 
867 
646 
500 
912 
833 
439 
232 
608 
833 
737 


603 


273 
436 
498 
216 
774 
593 
827 
116 

210 
4:^5 
058 

739 


Run-off. 


Second- 
feet  per 
square 
mile. 


1.95 
.83 
.75 


1.00 


1.48 


1.40 
3.21 
.78 
.72 
.62 
.80 
2.41 
.25 
.32 
.71 
.54 
.90 

1.06 


Depth  In 
Inches. 


2.25 
.92 

.86 


-13.40 


Rainfall. 


Inches. 


1.61 

3.46 
.90 
.80 
.71 
.89 

2.78 
.29 
.36 
.82 
.60 

1.04 

14.26 


6.76 
1.75 
2.85 


46.53 


4.08 

4.70 

7.36 

2.07 

2.15 

2.38 

3.09 

3.56 

5.71 

3.48 

3.89 

9.21 

1.22 

1.41' 

3.64 

.65 

.72 

4.08 

.85 

.98 

5.66 

.76 

.87 

5.29 

.27 

.30 

.62 

.14 

.16 

1.70 

.41 

.46 

3.26 

.61 

.70 

3.88 

19. 90  i      52. 79 


2.78 
6.63 
2.27 
1.62 
4.88 
6.94 
7.11 
1.67 
7.59 
1.42 
4.03 
2.14 

49.08 
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[NO.  S3. 


fMiinaled  inonihly  discharge  of  Cape  Fear  Hirer  at  Fayettevilley  N»  C. — Coiitinueil. 


Month. 


1897. 

January 

February 

March 

April 

May , 

June 

July 

August 

September 

October , 

November 

December 


The  year 

1898. 

January 

February 

March 

April 

May 

June 

July... 

August 

September 

October 

November 

December 

The  vear 

1899. 

January 

February 

March 

April 

May 

June 

July 


Discharge  in  second-feet. 

Rue 

Second- 
feet  per 
square 
mile. 

0.82 

i-off. 

Depth  in 
inches. 

Rainfall. 

Maximum. 

Minimum. 

Mean. 

Inches. 

17,688 

1,580 

3,694 

0.94 

2.29 

33,688 

2,255 

12, 802 

2.85 

2.97 

5.2:5 

35,  708 

3,100 

12,  233 

2.72 

3.14 

4.79 

22,  788 

1,760  ' 

6,871 

1.53 

1.71 

3.46 

9,760 

1,580  1 

3, 191 

.71 

.82 

4.58 

3,860 

750 

1,83:^ 

.41 

.46 

3.34 

18,708 

780 

3,180 

.71 

.82 

6.63 

2,900 

875 

1,570 

.35 

.40 

3.74 

1,850 

360 

664 

.15 

.17 

1.68 

875 

340 

517 

.12 

.14 

2.25 

4,520 

630 

1,281 

.29 

.32 

3.82 

4,700 

1,180 
340 

1,319 

2,165 

.48 
.93 

.55 

2.56 

35,708 

4,166 

12.44 

44.37 

7, 333 

2, 126 

0.47 

0.54 

2.00 

2,740 

1,145 

1,735 

.39 

.41 

.92 

12,  249 

1,273 

3,  ;W3 

.74 

.85 

4.38 

13, 608 

1,620 

4,395 

.98 

1.09 

3.38 

6, 13:^ 

1,145 

2,  369 

.53 

.61 

3.68 

3,280 

519 

1,181 

.26 

.29 

2.92 

8,665 

489 

2,  793 

.62 

.71 

5.68 

24, 072 

910 

5,655 

1.26 

1.45 

7.80 

10, 277 

876 

3,674 

.82 

.91 

3.79 

4, 955 

612 

1,739 

.39 

.45 

4.30 

7,333 

1,417 

2,982 

.66 

.73 

3.16 

9,781 

1,994 

3, 387 

.75 

.86 

2.17 

24,072 

489 

2,945 

.66 
1.14 

8.90 

44.18 

16, 462 

1,940 

5,116 

1.31 

4.02 

69,200 

4, 955 

25,842 

5.  75 

5.98 

8.31 

48,200 

4,214 

17,042 

3.79 

4.31 

6.85 

34, 600 

.3,064 

S,  40S 

1.87 

2.09 

3.17 

9,;w 

1 ,  782 

.'»,  7 (Hi 

.85 

4.01 

5,  593 

984 

2,  2S0 

.51 

.57 

3.  37 

6,613 

910 

2, 481 

.  5r> 

.6:^ 

6.79 
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JSetinuUed  monthly  diicfuirge  of  C(X])€  Fear  River  at  Fayetiei>Ul€y  N.  C — Continued. 


Month. 


1899. 

August 

September 

October 

November 

December 


The  year 

1900. 

January 

February 

March 

April 

May 

June 

July 

Auj^st 

September 

October 

November 

December 

The  vear 

1901. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

Deceml»er 

The  vt^r. 


Dischargre  in  second-feet. 

Maximum.     Minimum.         Mean. 

1 

Run-off. 

Rainfall. 

Second- 
feet  per 
square 
mile. 

0.43 

Depth  In 
inches. 

Inches. 

'        5,833 

645 

1,947 

0.44 

2.14 

'         2, 578 

612 

1,133 

.25 

.28 

3.58 

9,161 

612 

2,132 

.47 

.54 

4.65 

13, 482 

1,319 

3, 151 

.70 

.78 

1.89 

7, 333 

1,674 

2,992 
6, 352 

.67 

.77 

3. 24 

'       69,200 

1 

612 

1.41 

18.65 
1.03 

52.02 

1 

13,336 

1,620 

4,001 

0.89 

2.47 

;^5, 600 

1,890 

10,058 

2.24 

2.33 

5.20 

31,060 

3,280 

8,649 

1.92 

2.21 

4.53 

'      52, 400 

2,524 

11,848 

2.64 

2.94 

4.68 

'   .     9,781 

1,467 

2,969 

.66 

.76 

3.04 

'        9,409 

984 

2,688 

.60 

.67 

5.50 

6, 133 

459 

1,472 

.33 

.38 

3.49 

1,940 

350 

736 

.16 

.18 

3.00 

5, 187 

310 

1,010 

.22 

.25 

2.74 

1,145 

375 

526 

.12 

.14 

2.18 

1        6, 433 

a50 

1,258 

.28 

.31 

3.77 

8,541 

843 

2,816 

.63 

.73 

4.20 

52,400 

310 

4,00:^ 

.89 

11.93 

44.80 

7,120 

1,600 

3,048 

0.68 

0.78 

2.47 

1         4,850 

1,560 

2,659 

.59 

.61 

1.68 

28,  a50 

1,200 

4,209 

.94 

1.08 

3.88 

49, 065 

2,440 

9,624 

2.14 

2.39 

5.34 

'       71,625 

1,560 

11,502 

2.56 

2.95 

8.75 

'       11,800 

1,760 

4, 352 

.97 

1.08 

5.68 

37, 675 

1,520 

8, 072 

1.80 

2.08 

8.11 

43, 450 

1,440 

13, 965 

3.11 

3.  59 

11.85 

41,350 

1,600 

7,296 

1.62 

1.81 

5.47 

4,450 

1,400 

2, 342 

.52 

.60 

1.13 

2,440 

1,400 

1 ,  555 

.  35 

..39 

1.34 

27,  2(K1 

1 ,  440 
1 , 2(K) 

3,  828 
6,  038 

.85 

1 .  34 

_ 

.98 

5.  18 

71 ,  (i25 

18.34 

(iO.  88 
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[NO.  83. 


EHimaied  monthly  digckarge  of  Cape  Fear  River  at  FayetteviUe,  N,  C. — Continued. 


Month. 


1902. 

January 

February 

March 

April 

May 

June 

July 

August...:... 

September  ... 

October 

November 

December 


Discharge  in  second-feet. 


Maximum. 


27,200 

36,575 

37,825 

7,890 

2,960 

3,400 

1,860 

1,460 

3,700 

3,400 

4,400 

10,890 


The  year '      37,825 


Minimum. 


2,180 

2,872 

3,048 

2,140 

1,540 

870 

600 

660 

450 

780 

810 

2,220 


450 


Mean. 


5,353 

11,746 
9,612 
3,695 
2,159 
1,466 
965 
961 
1,074 
l,a33 
1,540 
4,956 


3,763 


Run-off. 


Seoond- 

feet  per 

square 

mile. 


1.19 

2.61 

2.14 

.82 

.48 

.33 

.21 

.21 

.24 

.36 

.34 

1.10 


.84 


Depth  in 
inches. 


1.37 

2.72 

2.47 

.91 

.55 

.37 

.24 

.24 

.27 

.42 

.38 

1.27 


11.21 


RafniaU. 


Inches. 


2.35 
6.73 
3.16 
3.18 
2.63 
3.46 
2.  88 
3.59 
5.24 
3.26 
3.64 
3.67 


42.79 


ROCKFISH  CREEK  NEAR  BRUNT,  N.  C. 

This  station  was  established  on  October  29,  1902,  by  B.  S.  Drane. 
The  course  of  the  creek  is  straight  here  for  about  500  yards,  Lower 
Rockfish  Bridge  crossing  the  creek  near  the  middle  of  this  sti-aight 
stretch.  The  left  side  of  the  stream  is  shallow,  most  of  the  current 
flowing  along  the  right  bank.  The  banks  of  the  creek,  of  sand,  rise 
steeply  on  either  side  to  a  height  of  about  50  feet. 

The  gage  rod  is  of  pine,  12  feet  long,  well  painted,  and  divided 
into  tenths  and  half-tenths  of  a  foot.  It  is  firmly  nailed  on  the  outside 
of  the  downstream  hand  rail,  between  the  two  large  posts,  approxi 
mately  over  the  center  of  the  bridge.  The  distance  from  the  zero  of 
the  gage  to  the  outer  rim  of  the  pulley  is  1  foot.  The  length  of  the 
wire,  from  the  end  of  the  weight  to  the  pointer,  is  51.80  feet.  The 
gage  reads  zero  when  the  weight  touches  the  bottom. 

The  observer  is  C.  L.  Nunalee,  a  farmer  and  storekeeper;  his  ])o?<t- 
oifice  address  is  Brunt,  N.  C. 

The  station  is  reached  by  driving  from  Fayetteville,  N.  C,  a  dis- 
tance of  7  miles. 
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The  following  discharge  measurements  were  made  during  1902  by 
B.  S.  Drane. 

September  6:  Rockfish  Creek  dischai^,  318  second-feet. 
September  6:  Big  Rockfish  Creek  discharge,  126  second-feet. 
September  6:  Little  Rockfish  Creek  discharge,  161  second-feet. 
October  16:  Rockfish  Creek  discharge,  440  second-feet. 

DaUy  gage  height,  infeety  of  Rockfish  Creek  near  Brunt,  N.  C. 


1. 
2. 
3. 

4. 

5. 
6. 


Day. 


1902. 


Oct.  '  Nov.    Dec. 


I 


3.65 
3.45 
3.80 
3.70 
3.80 
2.83 

7 '  4.01 

8 I  4.26 

9 J  4.08 

10 1  4.20 

11 3.72 


5.26 


9.67 
7.87 
4.90 
4.02 
3.90 
4.17 


12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 


Day. 


Oct.    Nov. 


1902. 


3.57 
3.71 
3.51 
3.53 
3.52 
3.40 
3.57 
3.90 
3.86 
3.78 
3.67 


Dec. 

Day. 
1902. 

Oct. 

Nov. 

Dec. 

3.67 

23. 

■   a.      .•«■>- 

3.41 

6.97 

4.60 

24. 

3.47 

7.47 

7.77 

25. 

■••    / 

3.67 

5.10 

7.75 

26. 

..«      ••••.. 

3.97 

3.75 

6.66 

27. 

..•      .•*.•> 

4.45 

3.67 

3.92 

28. 

•   •      ..■•*. 

4.64 

3.92 

4.12  ! 

29- 

•   *      ■•■■■■ 

4.77 

3.48 

4.65 

30- 

.J  3.70 

3.70 

3.78 

3.97 

31. 

...    3.67 

4.20 

4.12 

t 

4.52 

1 

a  Water  over  gage. 


DEEP  RIVER  AT  CUMNOCK,  N.  C. 

This  station  was  established  on  June  29,  1900,  by  E.  W.  Myers.  It 
is  300  yards  northwest  of  the  railroad  station  at  Cumnock.  The  wire 
gage,  which  i^  graduated  to  feet  and  tenths,  is  nailed  to  the  guard 
rail  of  the  bridge.  When  the  gage  reads  3  feet  the  water  surface  is 
37.41  feet  below  the  top  of  the  lower  chord  at  the  side  of  the  tension 
rod  supporting  the  floor  beam  opposite  the  gage.  The  initial  point  of 
sounding  is  at  the  northwest  end  o.f  the  bridge.  The  channel  is  straight 
for  several  hundred  feet  above  and  below  the  bridge,  but  the  current 
is  rather  sluggish  during  low  water.  The  bed  of  the  stream  is  muddy, 
with  some  bowlders.  The  observer  is  J.  A.  Rollins,  a  watchman  at 
Cumnock.     The  station  was  discontinued  in  June,  1902. 

The  following  discharge  measurements  were  made  during  1902  by 

B.  S.  Di-ane: 

July  11:  Gage  height,  1.91  feet;  discharge,  224  second-feet. 
August  18:  Gage  height,  1.81  feet;  discharge,  228  second-feet. 

IRR  83—03 4 
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Daily  gage  heighlj  infeety  of  Deep  River  at  Cumnock,  N.  C. 


[no.  83. 


Day. 


Jan. 


Feb.  ,  Mar.  Apr. 


1902. 

1 18.54 

2 14.65 

3 11.08 


4. 

5. 

6. 

7. 

8 

9. 

lo'. 

11. 
12. 
13. 
14. 
15. 
16. 


8.90 
7.28 
5.48 
4.33 
3.02 
2.69 
1.91 
1.78 
1.65 
1.57 
1.50 
1.45 
1.46 


11.01  I 
18.81  I 

22.02  , 
19.92 
17.62 
15.05 

9.68 
6.60 
4.2C 
3.56 
2.89 
2.56 
2.18 
1.96 
2.07 
2.42 


14.60 

16.97 

16.01 

14.86 

13.66 

10.63 

6.65 

4.72 

3.88 

3.67 

3.38 

8.20 

3.11 

2.90 

2.63 

2.65 


1.54 
1.55 
1.61 
1.48 
1.45 
1.43 
2.57 
2.65 
2.73 
2.84 
2.88 
2.60 
2.54 
2.50 
2.53 
2.46 


May. 


1.86 
1.93 
1.9S 
1.97 
1.93 
1.92 


June. 


2.88 
2.86 
2.80 
2.76 
2.60 
2.47 


1.88  I  2.41 


1.85 
1.82 
1.80 
1.77 
1.76 
1.74 
1.71 
1.76 
1.86 


2.33 
2.28 
2.18 
2.17 
2.14 
2.13 
2.11 
2.08 
2.06 


Day. 


" 

1902. 

17 

1.42 

18 

1.40 

19 

6.87 

20 

5.34 

21 

4.32 

22 

3.29 

28 

2.25 

24 

2.44 

25 

2.60 

26 

2.66 

27 

3.38 

28 

3.79 

29 

1 

3.94 

30 ; 

4.37 

ai ; 

4.77 

Jan.  I  Feb. 


2.94 

3.70 

3.96 

4.06 

4.43 

6.68 

9.42 

11.26 

11.89 

12.47 

14.84 

15.48 


Mar. 


Rating  table  for  Deep  River  at  Cumnocky  N.  C,  for  1902. 


Gage 
height. 

Feet. 

1 

1 

Discharge.  | 

Second-feet.  \ 

Gage 
height. 

Feet. 

Discharge. 

Seco7ul-/eel. 

Gage 
height. 

Discharge. 
Secfmd-feet. 

Gage 
height. 

i 

{  Diflchaixe. 

1 

Second-feet. 

Fsei. 

!       0.8 

1 

70     1 

4.0 

860 

7.2 

2,950 

14.0 

8, 475 

1         ' 

1       ^'^ 

80     1 

4.2 

940 

7.4 

3, 110 

14.5 

8,888 

1       1.2 

100    I 

4.4 

1,020 

7.6 

3, 270 

15.0 

9,300 

1.4 

126     ' 

4.6 

1,100 

7.8 

3,430 

15.5 

9,712 

1.6 

160    ; 

4.8 

1,200 

8.0 

3,590     , 

j     16.0 

;     10, 125 

1.8 

203   ; 

5.0 

1,300    1 

8.5 

3,990    1 

16.5 

10,538 

2.0 

250        : 

5.2 

1,420    ' 

9.0 

4,390 

17.0 

10,950 

2.2 

298 

5.4 

1,540     ^ 

9.5 

4,790 

,     17.5 

11,375 

2.4 

346 

5.6 

1,680  ; 

10.0 

5,190 

18.0 

11,800 

2.6 

394 

5.8 

1,830    ' 

10.5 

5,595 

19.0 

12,650 

2.8 

442 

6.0 

1,990 

11.0 

6,000 

20.0 

13,500 

3.0 

490 

1 

6.2 

2,150    ; 

11.5 

1 

6,413 

25.0 

17,750 

3.2 

550 

6.4 

2,310 

12.0 

6,  825 

30.0 

22,000 

3.4 

620 

6.6 

2,470 

12.5     . 

7,  237 

,    35.0 

26,250 

3.6 

700 

6.8 

2,6:30 

13.0 

7,650 

1 

3.8 

780     1, 

7.0 

2,790 

1 

13.5  : 

8,063 

i 
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Estimated  monthly  diwJiarge  of  Deep  River  fit  (Mmrwck^  iV.  C. 

[Drainage  area,  1,110  square  mile8.] 


Month. 


1902. 


Januarv  

February . . . 

March 

April 

May  -- 

June  1  to  28. 


Discharge  in  second-feet. 


Run-off. 


Maximum. 


Minimum. 


Mean. 


12,268 

16,200 

10,908 

466 

454 

466 


126 
238 
160 
134 
181 
214 


Second- 
feet  per 
square 
mile. 


Depth  in 
inches. 


1,653 

4, 597 

2,058 

286 

276 

"309 


1.49 
4.14 
1.86 
.26 
.25 
fl.28 


1.72 
4.31 
2.13 
.29 
.29 
«.29 


a  Partial  month;  station  discontinued. 
MISCEULu^NEOUS  MEASUREMENTS   IN  CAPE  FEAR  RIVER  DRAINAGE  BASIN. 

The  following  miscellaneous  measurements  were  made  in  the  Cape 
Fear  River  drainage  basin  during  1902: 


PRECIPITATION   OVER  THE    DRAINAGE   BASIN    OF   CAPE    FEAR   RIVER. 

The  precipitation  over  the  area  drained  by  Cape  Fear  River  is 
comparatively  large.  For  the  period  covered  by  the  records  given 
herewith  it  is  60.34  inches  per  annum,  on  an  average,  distributed 
approximately  through  the  seasons  as  follows:  Spring,  12.5  inches; 
summer,  16.1  inches;  autumn,  10.2  inches;  winter,  11.5  inches.  This 
distribution  is  not  very  conducive  to  a  large  run-off,  since  the  greatest 
precipitation  occurs  in  the  spring  and  summer,  when  the  amounts  lost 
by  evaporation  and  by  the  demands  of  plant  life  are  greatest;  nor 
is  it  conducive  to  great  regularity  of  flow. 

While  the  table  showing  the  average  annual  precipitation  over  the 
basin  indicates  that  there  may  be  a  considerable  range  in  this  quantity, 
the  actual  variations  are  in  all  probability  greater  than  are  there  indi- 
cated, since  the  table  unavoidably  covers  only  a  period  when  most  of 
the  years  were  of  less  than  normal  rainfall.  In  several  of  these  years 
there   were   periods  of   drought  more   severe   than    had   ever  been 
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[so.  S3. 


experienced  before  on  the  basin,  as  is  evidenced  l)y  the  fact  that  many 
wells  which  had  never  before  been  known  to  fail  became  totally  dry 
during  these  times. 

The  records  at  the  Fayetteville  station  are  probably  more  complete 
in  certain  respects  than  those  at  any  other  station  in  the  basin.  At 
this  place  the  total  range  in  precipitation  has  been  between  102  and 
37  inches.  An  approximately  equal  range  will  probably  be  found 
to  obtain  at  all  the  other  stations  in  the  basin,  when  the  records  have 
been  continued  long  enough  to  obtain  the  extremes;  though  it  is  very 
improbable  that  the  range  of  precipitation  over  the  basin  as  a  whole 
will  ever  reach  this  amount. 

The  following  table  gives  a  list  and  the  location  of  the  rainfall  sta- 
tions in  the  drainage  basin  of  Cape  Fear  River,  and  these  are  also 
indicated  on  the  accompanying  map  of  the  area  (see  fig.  3). 

Ix>cation  of  rainfall  stations  in  hasin  of  Cape.  Fear  River, 


station. 


County. 


Latitude. 


Longi>    I  ElcTE- 
tude.     I    tion. 


Fayetteville Cuml)erland 

Southern  Pines Moore 

Moncnre Chatham | do 

Pittfll)oro do I do 

Chapel  Hill Orange do 

Soapetone  Mountain  . .    Ramlolph do 

Greensboro Guilford ' do 

Oak  Ridge do do 


North  Carolina^ 
....do 


35 
35 
35 
35 
35 
35 
36 

m 


6 
13 
39 
42 
54 
46 

4 
10 


78 
79 
79 
79 
79 
79 
79 
80 


53 
22 
00 
12 
4 
37 
49 
00 


I 


F)pft, 
170 

400 

300 

480 

500 

900 

843 

885 


The  eight  following  tables  give  for  each  precipitation  station  for  the 
years  1889  to  1902,  so  far  as  covered  by  the  observations,  the  monthly 
precipitation,  the  yearly  total,  and  the  mean  monthly  and  yearly  pre- 
cipitation. 

The  next  tjible,  on  page  56,  gives  for  the  entire  drainage  area  the 
monthly  and  yearly  precipitation  for  each  year  from  1889  to  1902, 
inclusive,  and  the  mean  monthly  and  yearly  precipitation  for  the  entire 
period.     This  table  is  based  upon  the  eight  preceding  tables. 

The  next  table,  on  page  57,  giv^es  a  comparison  for  the  years  1889 
to  1902,  inclusive,  between  the  mean  yearly  run-oflf  from  the  drainage 
area  as  determined  by  the  observations  at  Cape  Fear  River  station  at 
Fayetteville,  and  the  mean  \'early  precipitation  lus  detennined  from 
the  eight  stations  in  the  preceding  tables. 

The  quantities  in  all  the  t^ibles  are  given  in  inches. 
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The  next  table,  on  page  58,  show«  the  relation  of  run-off,  rainfall, 
and  teuipei^ature. 


•  Ga^in^  Stations 
o  Rainfall  Stations 
■  Waterpower  Plants 


Ym,  3. Draixia^  iMwin  ol  Cape  Fear  River,  showing  gaging  Htatlons,  rainfall  tjlatioiw,  and  water- 
power  planUi. 
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PrecipiUjUioti,  in  mcheH^  at  FaydU'viUi\  A'.  (\ 


[KO.  83. 


Year. 

Jan. 

1891 

4.50 
7.57 
3.15 
4.58 
7.67 
3.98 
1.81 
2.19 
3.60 
1.86 
2.62 
2.20 

1892 

1893 

1894 

1895 

1896 

1897 

1898 

1899 

1900 .' 

1901 

1902 

Nonnalfl . . . 

5.21 

1 

Feb. 

Mar. 

Apr. 

3.80 

7.84 

2.74 

2.99 

3.04 

1.99 

4.60 

2.08 

1.63 

3.47 

2.10 

1.30 

2.41 

6.07 

9.21 

5.52 

2.13 

1.15 

3.63 

4.05 

2.77 

1.02 

2.93 

4.75 

10.10 

5.32 

3.40 

3.75 

3.52 

3.51 

1.91 

3.78 

3.46 

6.18 

2.44 

2.75 

4.31     5.30  ,  4.36 


May.  Lltiiie.    July.     Aii^. 


4.56 
4.79 
7.67 
5.31 
4.12 
8.06 
5.88 
1.59 
2.35 
2.53 
7.98 
1.84 


4.71 


3.15 
3.75 
5. 77 
2. 12 
1.89 
7.15 
2.94 
5.63 
4.03 
6.47 
4.31 
2.37 

4.18 


6.05 
10.32 
3.39 
4.26 
5.61 
5.52 
11.  U 
5.97 
8.35 
2.56 
7.81 
2.50 


9.57 
4.&1 
7.36 
13.45 
6.56 
1.74 
5.41 
7.46 
3.76 
1.26 
7.80 
2.80 


8.09  ;    6.77 


Sipt.    (Kt. 


1.84 
2.44 
5.10 
6.68 
2.47 
9.01 
1.42 
2.43 
5.29 
2.77 
5.47 
5.24 


4.51 
.34 
4.73 
9.16 
2.50 
1.36 
2.17 
2.70 
3.81 
1.26 
1.21 
2.00 


Nov.    Dee.  iAiuiuaJ 


5.20  I  4.45 

I 


2.52 
2.12 
2.39 
1.51 
2,21 
2.51 
3.43 
4.95 


2. 01 
3.57 
3.44 
1.H4 
2.30 
3.46 
2.13 
2.86 


1 


1.90 

2,76 

3.52 

4.89 

.73 

.5.34 

3.28 

3.78 

3.30 

5.25 

53.12 
47.  .W 
51.31 
55.  7h 
53.02 
51.58 
46.25 
44.38 
54.67 
37.90 
52.42 
37.38 


61.13 


Note. — Observations  have  been  made  here 
normals,  h»  given,  are  from  the  entire  series  of 


for  a  much  longer 
records. 


period  than  is  given  above.     The 


PrecipUcUiony  in  inches^  at  Southern  PineSy  N.  C. 


Year. 


1889 

1890 

1891 

1892 

1893 

1894 

1895 

1896 

1897 

1898 

1899 

1900 

1901 

1902 

Normals . . 


Jan. 


Feb. 


Mar. 


5.50  3.65 
No  record. 


3.70 
7.01 
2.75 
3.33 
7.60 
3.02 
1.39 
1.89 
3.79 
1.63 
3.17 
3.31 


5.70 
3.20 
7.10 
2.74 
2.39 
[4. 62] 
6.79 
1.37  ' 
9.33 
5.94 
1.81 
5.41 


3.70  4.62 


3.65 

7.18 
3.35 
1.70 
1.44 
8.78 
.90 
4.50 
3.77 
6.93 
4.38 
5.35 
2.70 

4.20 


Apr. 


5.56 

1.26 
3.62 
2.10 
1.90 
6.83 
.50 
4.07 
4.39 
3.97 
4.77 
5.73 
3.00 

3.67 


May. 

June. 
3.90 

July.  , 
9.00 

1 
Aug.    Sept. 

8.50     2.50 

Oct. 

Nov. 
4.20 

Dec. 

'Annual. 

6.00 

4.00 

1.00 

56.46 

11.08 

3.70 

7.32 

10.58 

.68 

• 
2.11 

2.86 

1.26 

57. 43 

5.27 

4.96 

10.83 

5.05 

1.78 

.34 

2.80 

4.05 

.'>2.a6 

3.90 

7.10 

7.06 

5. 12 

3.71 

5.81 

1.40 

5.84 

53.  ."yQ 

2.94 

2.8.') 

10.48 

7.13 

5.76 

6.97 

1.07 

2.40 

49.00 

2.07 

4.79 

4.93 

6.99 

.11 

1.87 

.55 

3.54 

49.46 

3.40 

[4. 65] 

7.90 

[6.44] 

5.00 

2.10 

4.89 

2.98 

46.40 

2. 52 

4.83 

7.96 

4.01 

.83 

1.87 

3.25 

1.68 

43.70 

3. 12 

3. 52 

8.46 

7.44 

2.88 

5.62 

4.15 

1.82 

48.48 

3.02 

6.«2 

10.66 

1. 76 

4.84 

7.78 

2.86 

2.28 

64.13 

3.33 

5.02 

2.56 

3.88 

1.97 

1.02 

4.38 

5.78 

44.66 

8. 88 

5. 59 

13.23 

13.43 

9.50 

.46 

1.93 

4.86 

74.03 

2.28 

2.66 

4.19 
8.03 

4.3.'> 

5. 73 
3.49 

2.87 

4.20 

3.03 

43.73 

4.87 

4.65 

6.44 

3.29 

2.96 

3.12 

52.56 

PrecipitatUmy  in  inchesy  at  Mancure.j  N,  C. 


Year. 


1894.. 

1895. . 

1896... 

1897... 

1898... 

1899... 

1900.. 

1901.. 

1902.. 


,Jan.    Feb.  ,  Mar.    Apr. 


May. 'June.  July.!  Aug.    Sept. 


[2. 87] 
8.61 

1.5:^ 

1.46 
1.75 
2.90 
1.75 
2.30 
2.65 


[4.27]  [1.04] 
2. 56     5. 53 
6.37  I  2.30 


4.32 
1.00 
7. 59 
3.85 
1.49 
6.98 


4. -23 
4.98 
5. 45 
3.94 
3.47 
2.45 


-  I 


1. 24 
10.74 
1.61 
2.H9 
2.90 
2.46 
4.43 
5.:» 


5.32 
2.95 
I  3.72 
I  3.15 
>  3.81 
1  4.68 
'  2.42 
I  9.53 
2.37 


1.30 
4.22 
5.13 
3.59 
1.35 
2.29 
6.74 
4.80 
3.11 


6.47 
5.93 
6.77 
3.23 
3.81 
8.76 
2.27 
7.71 
2.97 


5.00 
6.47 
2.63 
2.74 
6.94 
2.66 
3.64 
11.65 
2.26 


3.95 
.41 
6.78 
2.39 
4.09 
5.41 
2. 21 
5. 7S 
4.83 


Oct. 

Nov. 

6.13 

1.99 

1.93 

3.25 

1.60 

4.04 

1.81 

3.68 

2.68 

2.63 

4.98 

1.13 

i.;}5 

3.35 

1.01 

1.70 

2.45 

2.79 

Dec.  jAnniuil. 


2.69  1 

45.27 

2.78  i 

56.38 

1.68  1 

44.16 

2.28  ! 

3.5.77 

1.33 

37.17 

2.23 

50.44 

3.96 

39.90 

4.28  1 

59.02 

4.84 

41.60 

Normals . 


2.87  1  4.27     4.04     :i.*«     4.22  ,  3.62  ,  5.;«  '     4.88     3.9H  1  2.(kJ 


2.?2     2.90 


45.40 


KE^VBLL.] 


CAPE    FEAB   EIVEK   DRAINAGE    BASIN. 


55 


Precipitaiiofij  in  inches^  at  IHti^fH/ro,  N.  C. 


YCHT. 


1889 

1890 

1S91 

1H92 

1893 

1«»4 

1895 

1896 

1897 

1898 

1899 

1900 

1901 

1902 

NormalB 


Jan. 

Feb. 

Mar, 

[3.88] 

Apr. 

May. 

June. 
4.88 

July. 

I 
Aug.  I  Sept. 

Oct. 
3.10 

Nov. 

Dee. 
0.40 

Annulil. 

[3.64]  [4.07] 

[3.86]  [4.93] 

8.50 

4.70 

2.50 

4.ab 

48.26 

.62 

2.60 

2.41 

1.68 

5.55 

3.25 

5.65  1  4.20 

4.00 

4.60 

.20 

3.55 

38.21 

4.a0 

3.80 

7.00 

1.70 

7.00 

3.60 

7.10 

8.80 

.80 

1.50 

2.55 

1.00 

49.15 

5.55 

2.90 

2.40 

2.70 

4.20 

4.56 

4,30  '    .92 

.40 

.01 

2.40 

3.00 

33.33 

3.75 

6.16 

1.06 

2.45 

3.15 

3.35 

2.03 

5.10 

6.06 

5.70 

1.32 

3.40 

43.52 

4.95 

3.50 

1.19 

1.43 

5.42 

2.11 

7.10 

5.72 

6.43 

7.19 

1.63 

3.54 

50.21 

9.21 

1.85 

4.80 

13.40 

2.61 

7.00 

5.60 

5.86 

.70 

2.35 

6.57 

4.10 

63.55 

3.80 

6.82 

2.90 

1.42 

5.50 

7.11 

8.80  1  2.66 

6.15 

1.28 

4.73 

1.94 

53.11 

4.53 

5.61 

5.82 

3.70 

5.09 

4.51 

6.62 

8.05 

3.25 

2.40 

3.28 

2.54 

50.40 

1.77 

.62 

5.08 

3.07 

3.30 

2.72 

6.25 

9.25 

4.19 

3.57 

2.54 

1.75 

44.06 

3.42 

7.88 

6.27 

3.55 

4.91 

2.19 

7.79 

4.55 

3.71 

6.39 

1.49 

1.86 

53.51 

2.38 

5.99 

4.56 

5.75 

3.79 

5.98 

2.17 

4.99 

3.67 

1.64 

4.40 

4.30 

49.62 

1.76 

1.90 

3.77 

4.64 

8.66 

6.01 

7.39 

9.55 

7.86 

1.99 

1.37 

8.57 

58.47 

1.28 

3.86 

3.80 

4.63 

[4.93] 

2.23 

3.51 

3.11 

6.03 
8.96 

2.22 
3.14 

3.46 
2.87 

2.75 
2.69 

41.31 

3.64 

4.07 

3.88 

3.86 

4.93 

4.21 

5.92 

5: 14 

48.34 

Precipitatiorij  in  incheSj  at  Chapel  Hill,  N.  C, 


Year. 


Jan.  I  Feb.  '  Mar. 


...  6.71 

...1  2.23 

...  4.59 

...  6.22 

...'  3.04 

...|  4.30 

...;  8.90 

1896 '  3.39 


1889 

1890 

1891 

1>«2 , 

1893 

1894 

1896 


1897. 
1898. 
1899. 
1900. 
1901. 
1902. 


2.66 
1.85 
3.71 
3.23 
2.39 
2.30 


'  4.24 
I  3.63 
j  5.70 

3.22 
I  5.41 
j  3.65 

2.33 
*  6.46 
j  5.66 

1.08 
■  7.79 
I  5.06 
''  1.52 
!  6.92 


2.33 
3.80 
7.75 
2.74 
1.48 
1.78 
5.12 
2.54 
4.52 
5.30 
6.79 
4.99 
3.72 
2.95 


Normals.. I  3.97  >  4.47  I  3.99 


Apr.  '  May. 


June.  July. '  Aug.    Sept.  1  Oct.    Nov. 


3.75 
1.86 
2.13 
3.15 
1.49 
2.04 
11.42 
2.23 
3.31 
3.11 
3.68 
6.09 
5.89 
3.38 


3.82 


6.02 
4.81 
8.75 
8.39 
4.04 
4.03 
o.  99 
6.80 
6.98 
3.15 
4.51 
2.62 
1.38 
2.23 

5.19 


[3.84] 
3.66 
4.61 
6.12 
4.21 
1.76 
4.60 
5.06 
1.69 
2.66 
2.26 
4.45 
5.69 
3.10 

3.84 


I 


[5.04] 
[5.04] 
5.40 
3.?2 
2.09 
5.80 
3.19 
8.52 
6.68 
6.38 
4.95 
6.38 
6.12 
1.25 

5.04 


[5. 90]  I  [4. 04] 
[5.90]    4.83 


11.71 
.82 
9.13 
6.21 
4.46 
1.28 
2.74 

14.48 
1.34 
8.61 

11.26 
3.71 


1.  oo 
1.97 
6.40 
7.93 
.62 
8.39 
1.15 
4.74 
2.47 
3.40 
4.75 
4.51 


3.35 
5.69 
1.68 
.27 
6.75 
6.84 
1.13 
1.08 
3.32 
4.39 
5.96 
1.10 
2.13 
3.83 


5.90     4.04 


3.89 


3.23 
[3. 12] 
3.12 
4.35 
1.54 
1.85 
4.67 
3.09 
3.77 
2.98 
2.14 
5.00 
1.94 
2.94 

3.12 


Dec.   Anniml. 


0.46 
3.35 
1.47 
2.77 
3.48 
2.33 
3.63 
2.23 
2.72 
2.07 
2.24 
4.31 
4.56 
4.88 


2.89 


48.91 
47.92 
58.19 
38.74 
49.06 
48.52 
54.06 
51.07 
45.20 
52.14 
47.84 
50.26 
61.34 
42.00 

49.66 


Precipitation t  in  inches^  at  Soapslone  Mountain,  N.  C. 


Year. 


Jan.    Feb.  i  Mar. 


1889 ,[3.51]I[4.T2] 


1M80.. 
W91.. 
1802.. 
1893.. 
1894.. 
1895.. 
1896.. 
1897.. 
1896.. 
1899.. 
1900.. 
1901.. 
1902.. 


Mormalfi. 


1.80 
9.62 
[3.51] 
2.33 
3.90 
6.19 
2.57 
2.93 
2.15 
3.72 
2.58 
'2.22 
2.11 


3.51 


4.25 
5.80 
[4.72] 
6.03 
4.01 
1.81 
6.30 
6.65 
2.95 
7.51 
5.89 
1.58 
5.80 


[4.61] 
[4.61] 
;10.5U 
![4.61] 
'  1.43 
,  1.76 
4.86 
1^.76 
4.90 
5.42 
6.44 
5.09 
4.06 
3.42 


4.72 


4.61 


Apr.   May 


[3.68] 
[3.53] 
2.70 
2.24 
2.20 
1.53 
7.49 
1.45 
3.61 
3.24 
3.20 
5.76 
6.01 
2.90 


[4.55] 
[4.551 
7.50 
4.24 
4.43 
2.56 
3.06 
5.10 
3.87 
2.28 
4.78 
5.71 
7.25 
3.>i0 


June. 

3.75 
3.62 
3.25 
6.65 
5.88 
1.71 
3.54 
5.52 
3.61 
2.51 
2.93 
4.97 
5.84 
4.34 


3.53  I  4.5')  I  4.15 


July. 

10.00 
6.60 
8.00 
2.37 
8.46 
4.91 
5.20 

10.19 
6.88 
6.13 
3.57 
1.95 
7.57 
2.12 


Aug. 


5.63 


Sept. 


6.26 

[5.21]! 

6.88 

5.88 

6.89 

2.59 

5.54 

1.44 

2.84 

8.17 

.66 

3.32 

14.69 

2.53 


5.21 


4.12 
6.25 
2.00 
3.71 
6.11 
5.09 
.28 
8.11 
1.31 
3.83 
2.67 
1.47 
4.49 
6.61 


4.00 


Oct. 


3.00 
6.25 
.50 
.99 
6.89 
7.36 
1.97 
1.47 
3.14 
4.57 
6.79 
3.43 
1.05 
4.23 


3. 62 


Nov. 

Dec. 

5.60 

0.50 

.25 

6.76 

3.50 

2.30 

4.51 

2.31 

2.02 

2.74 

2.18 

3.22 

2.71 

5.49 

4.39 

1.80 

3.99 

3.11^ 

8.12 

1.81 

1.85 

3.38 

3.71 

4.29 

1.03 

6.03 

5.15 

8.70 

3.14 

3.39 

Annual. 


54.04 
53.57 
62.55 
45.74 
60.41 
40.82 
48.16 
51.10 
46.84 
44.18 
46.49 
48.17 
61.87 
46.71 


50.06 


56 


STBEAM   MEASUBEMENTS   IN   19Q2,  PABT   II. 


[no.  S3. 


PreripUationf 

in  inchejiy  at  GreensboTO,  N. 

a 

Year. 

Jan. 

[2.78] 
[2. 78] 
[2.78] 
4.38 
2.16 
2.15 
1.96 
3.55 
3.16 
2.72 
2.17 

2.78 

Feb.  ,  Mar. 

[4. 78]  [4. 56] 

[4.78]  [4.56] 

[4.78]  [4.56] 

[4.78]  [4.56] 

5.53  ;  1.91 

5.66  1  5.07 

.76  1  4.42 

8.63  !'7.94 

5.97  1  5.79 

1.95  j  2.82 

4.95     3.94 

1 

Apr. 

1.13 

[3.00] 

[3.00] 

[3.00] 

2.74 

3.38 

2.68 

2.67 

3.44 

5.66 

2.41 

May. 
3.14 

1 
June.' July. 

Aug. 

0.83 
10.75 
2.48 
5.37 
1.18 
4.47 
8.80 
1.42 
1.69 
13.04 
6.61 

Sept. 

2.28 
6.66 
6.04 
.23 
7.78 
2.06 
2.30 
1.76 
2.34 
3.50 
3.24 

3.37 

Oct. 

0.60 
8.78 
5.87 

.81 
1.20 
1.51 
6.34 
3.14 
8.21 

.86 
5.61 

3.31 

Nov. 

4.26 
1.55 
2.87 

Dec. 

I  Annual 

1 

1892 

8.46  1  3.64 

[3. 16] 

[S.  16] 

•2-41 

1 

3».a2 

1893 

6.60  ,  4.92  1  2.46 

'         69.  »9 

1894 

6.32     4.35 
4.00     2.80 
2.85  1  S.51 

6.07 
5.46 
9.55 
5.35 
2.71 
5.77 
6.00 
5.70 
2.30 

!         49.03 

1896 

3.65  ]  4.37 
4.11  '  1-2U 

j          43.41 

1896 

48.81 

1897 

1898 

3.68 
6.85 
4.46 
2.30 

2.82 
2.94 
3.66 
5.65 

8.63 
2.46 
2.47 
2.72 
.82 
3.08 

2.87 

ao5 

2.67 
2.»4 
3.12 
5. 72 

3.38 

- 

8.16 

42.7S 
1         37.«8 

1899 

Ai.m 

1900 

45.39 

1901 

7.71  1  7.46 

1 
2. 61     5. 76 

57.96 

1892 

44.96 

NormalR 

• 

4.78  1  4.66 

1 

3.00 

4.63 

5.21 

4.91 

4.56 

47.03 

1890 
1891 
1892 
1K93 

imi 

1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

1.06 
4.09 
6.07 
1.86 
3.10 
6.31 
1.82 
1.87 
2.42 
7.44 
3.17 
2.66 
1.86 

3.36 

4.70 
5.92 
8.70 
7.35 
4.67 
3.28 
9.40 
6.12 
.60 
8.17 
5.15 
1.30 
5.91 

5.02 

1.93 
7.06 
3.10 
1.07 
.78 
4.83 
2.75 
6.21 
3.20 
9.64 
4.00 
4.02 
4.69 

4.01 

3.07 
4.46 
8.08 
2. '29 
1.84 
6.37 
1.88 
3.96 
2.88 
2.65 
3.66 
5.98 
2.73 

3.37 



• 

.....*. ...... 

............. 

............. 

............. 





Normals .... 

PreclpUaiionj  in  inches,  at  Oak  Ridge,  N,  C. 


May 


Nov. 

1 

Dec. 

Annual. 

[2.69] 

3.45 

46.13 

3.83 

2.96 

59.49 

4.78 

1.98 

44.76 

1.66 

1.60 

53.31 

.93 

3.25 

38.80 

2.43 

4.84 

48.12 

4.44 

1.67 

55.98 

3.91 

2.93  ' 

43.93 

2.63 

3.09  , 

43.34 

1.82 

2.52 

47.90 

3.05 

2.95 

41.23 

1.18 

7.13 

61.95 

[2. 69],  [3. 20], 

46.84 

2.69     8.20 


48.62 


Precipitation,  in  inches,  over  the  drainage  bami  of  Cape  Fear  River,^ 


Year. 

1 
Jan. 

1 

Feb. 

1 
Mar. ,  Apr.  i  May. 

1 

June. 
4.27 

July. 

Aug. 

Sept. 

Oct. 

Nov. 
4.31 

Dec. 

Annual. 

1889 

6.11 

3.94 

2.99     3.69 

4.86 

10.38 

6.60 

3.20 

3.36 

0.59 

51.92 

1890 

1  1.93 

3.77 

2,71  ,  2.20 

4.93 

3.51 

6.08 

3.18 

5.34 

5.81 

.22 

4.16 

46.21 

1891 

'  5.13 

5.12 

7.89  1  2.50 

7.86 

3.43 

7.31 

9.13 

1.36 

1.93 

2.98 

1.84 

56.66 

1892 

j  6.28 

3.20 

2.93     2.56     4.05 

6.90 

5.75 

2.96 

2.33 

.46 

3.60 

2.96 

43.14 

1893 

1  2.81 

6.11 

1.48  {  2.03  !  6.31 

6.38 

3.13 

7.52 

5.81 

6.66 

1.70 

2.93 

51. 5» 

1894 

4.03 

3.67 

1.61     1.61  1  4.48 

2.33 

6.34. 

6.50 

5.69 

6.76 

1.75 

2.85 

47.18 

1895 

7.36 

2.38 

5.71     9.21  !  3.64 

t                       1 

4.08 

5.66 

6.29 

.62 

1.70 

3.26 

3.88 

51.89 

1896 

'  2.78 

6.63 

2.27  1  1.62  1  4.88 

1                       1 

6.94 

7.11 

1.67 

7.59 

1.42 

4.08 

2.14 

60.28 

1897 

1  2.29 

] 

5.23 

4.79     3.46 

4.68 

3.34 

6.63 

3.74 

1.68  1  2.25 

3.82 

2.56 

44.35 

1898 

:  2.00 

.92 

4.38  ;  3.37     3.69 

2.92 

5,68 

7.79 

3.79 

4.31 

3.16 

2.17 

43.95 

1899 

!  4.02 

8.31 

6.85  '  3.17 

4.01 

3.37 

6.79 

2.14 

S.  Oo 

4.65 

1.89 

3.24 

61.58 

1900 

1  2.47 

5.20 

4.53 

4.68 

3.04 

5.50 

3.49 

3.00 

2.74 

2.18 

3.77 

4.20 

44.64 

1901 

\  2.  47 

1.68 

3.88 

5.34 

8.75 

5.68 

8.11 

11.85 

5.47 

1.13 

1.34 

5.18 

60.88 

1902 

(  2.35 

1 

6.73 

3.16 

3.18 

2.63 
4.76 

3.46 
4.29 

2.88 
6.10 

3.59 

5.28 

5.24 

3.26 

8.64 
2.82 

3.67 
3.03 

43.(6 

Mean 

1 

3.72 

1 

4.42 

3.94     3.47 

3.89 

3.23 

50.34 

a  The  precipitation  for  each  month  and  the  mean  monthly  precipitation  were  obtained 
from  the  available  observation.**.  The  results  for  annual  and  mean  annual  precipitation 
vahicH  interpolated  in  incomplete  years. 


directly 
include 
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(\jmfxirison  of  yenrty  rainfaU  and  run-off  from  the  drainage  Inmn  of  Vape  Fear  River. 


station. 


RAINFALL. 


Fayctteville,  N.  C.  a 

Monoure,  N.  C 

Pittsboro,  N.  C 

Chapel  Hill.  N.  C 

Southern  Pines,  N.  C , 

Soapstonc  Mountain,  N.  C 

Greensboro,  N.  C 

Oak  Ridfpe,  N.  C 


Mean 

RUN-OFP. 

Cape  Fear  at  Fayettevllle... 
Percenta«:e  of  rainfall 


Station. 


BAIKFALL. 

Fayettevllle,  N.  C.  a 

Moneure,  N.  C 

Pittxboro,  N.  C 

Chapel  Hill,  N.  C 

Southern  Pines,  N.  C 

Boapstone  Mountain,  N.  C. 

Greensboro,  N.  C 

Oak  Rid^e,  N.  C 


Mean 

RUN -OFF. 

Cape  Fear  at  Fayettevllle 


Percentacre  of  rainfall. 


Nor- 
mal. 


61.13 
46.40 
48.84 
49.66 
52.56 
50.05 
47.03 
48.52 


1889. 


50.34 


48.26 
48.91 
56.46 
54.  ai 


1890. 


1891.    ,    1892. 


53.12 


38.21 
47.92 


53.57 


49.15 
58.19 
57.43 
62.55 


47.56 


45.13 


59.49 


33.33 
38.74 
52.26 
45.74 
39.62 
44.76 


1898.        1894. 


51.31 


43.52 
49.06 
53.59 
60.41 
59.89 
53.31 


65.78 
45.27 
50.21 
48.52 
49.00 
40.82 
49.03 
38.80 


51.92 


15.74 


27.14 


31.8    I    62.3 

I 


46.21 

56.66 
21.67 

13.04 

28.2 

38.2 

43.14       51.58       47.18 


13.60 


31.5 


16.28  I     13.40 


31.6 


28.4 


1895. 


53.02 
55.38 
63.65 
54.06 
49.45 
48.16 
43.41 
48.12 


51.89 


19.60 


51.58 
44.16 
53.11 
51.07 
46.40 
51.10 
48.81 
55.98 


46.25 
35.77 
50.40 
45.20 
43.70 
46.84 
42.73 
43.93 


1898. 


44.38 
87.17 
44.06 
62.14 
48.43 
44.18 
87.88 
43.34 


60.28         44.35 


43.95 


1899. 


54.67 
50.44 
58.51 
47.84 
64.13 
46.49 
47.69 
47.90 


1900. 


87.90 
39.90 
49.62 
50.26 
44.66 
48.17 
45.89 
41.23 


1901. 


51.58 


14.26 


12.44 


8.90 


18.65 


44.61 


11.93 


52.42 
59.02 
58.47 
61.84 
74.08 
61.87 
57.95 
61.95 


37.6 


1902. 


37.38 
41.50 
41.81 
42.00 
43.73 
46.71 
44. 9C 
46.84 


60.88 


18.34 


28.4 


28.0 


20. 2  36. 2 


26.7    i      30.1 


48.05 


11.21 


!26.0 


aThe  normal  at  Fayettevllle  includes  observations  previous  to  18K9.     The  other  normals  include 
tho  above  data  only. 
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Average  monthly  run-off  and  average  rain/ally  ahoiriiuj  thnr  difference  and  the  effert  oj 

temperature^  for  the  Cape  Fear  River  Basin. 


Month. 


Srron(l-/ect. 

January 7, 084 

February ,       10, 886 


March 

April 

May 

June 

July 

Au^st  ... 
September. 
October... 
N(  vember 
J  eoember 


i'or  the  average  year 


8,314 
6, 582 
4,142 
3, 271 
4, 958 
5,744 
3, 157 
2,926 
2, 610 
3, 461 

5,  261 


n-off. 

Average 
rain. 

fncftes. 

Incite*. 

1.  82 

3.72 

2.53 

4.42 

2.13 

3.94 

1.64 

3.47 

i.a5 

4.76 

.81 

4.29 

1.27 

6.10 

1.47 

5.28 

.78 

3.89 

.72 

3.23 

.65 

2.82 

.89 

3.03 

15.  74 

48.95 

Differ- 
ence. 

Average 
mean 

tempera- 
Hire. 

Inche». 

o 

1.90 

:<9.s 

1.89 

42.7 

1.81 

49.7 

1.83 

69.1 

3.71 

H7.9 

3.48 

74.9 

4.83 

i  4  .  0 

3.81 

75.9 

3.11 

74.6 

2.51 

58.7 

2.17 

49.2 

2.14  1 

42.3 

2.77 


59.4 


In  order  tx)  present  the  facts  regarding  the  flow  of  this  stream  with  a 
greater  degree  of  clearness  the  following  graphical  representations  of 
the  data  given  in  the  foregoing  tables  have  been  made. 

Fig.  4  shows  the  relation  between  the  average  i*ainfall  over  the  drain- 
age basin  of  Cape  Fear  River  and  the  average  discharge  of  this  basin 
at  tbe  gaging  station  at  Fayetteville,  N.  C,  in  inches  per  month  over 
the  entire  basin.  The  portion  in  black  represents  the  average  run-oflTs, 
the  total  precipitation  being  represented  by  the  entire  length  of  each 
block.  The  total  average  run-off  is  15.74  inches.  The  total  average 
precipitation  over  the  basin  is  50.84  inches. 

This  figure  may  be  taken  as  representing  the  average  condition  of 
affairs  on  the  basin,  and  it  is  seen  by  reference  to  it  that  in  Februar^'^, 
Ma}',  July,  and  August,  large  amounts  of  rainfall  are  to  be  expected, 
and  that  for  these  months  the  average  run-off  of  the  stream  is  also 
large;  that  for  February  being  the  greatest  of  the  year. 

Fig.  5  shows  the  effec^t  on  the  run -off  when  the  February  rains  do 
not  occur.  This  causes  a  period  of  low  discharge  throughout  the  spring, 
and  though  the  precipitation  in  July  is  greater  than  the  average,  and 
the  entire  precipitation  for  the  year  not  abnormally"  low,  the  run-off  is 
considerably  less  than  in  any  other  year  covered  by  the  records.  This 
figure  represents  the  conditions  over  the  drainage  basin  in  1898. 

The  portion  in  black  represents  run-off,  the  precipitation  for  each 
month  being  represented  by  the  entire  length  of  the  block  for  that 
month.     Total  run-off,  S.iH)  inches.     Total  precipitation,  43.95  inchc38. 
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Fig.  6  shows  the  amount  and  distribution  of  rainfall  and  run-off 
in  inches  over  the  basin  of  Cape  Fear  River  above  Fayetteville,  N.  C, 
for  1900.  During  this  year  occurred  the  minimum  actual  discharge, 
and  the  period  of  minimum  discharge,  for  the  years  1889  to  1902, 
inclusive.     The  total  niinfall  was  44.64  inches,  and  the  total  run-off 
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Sept 
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Fio.  4.— Relation  of  rainfall  to  run-off,  1889  to 
19Q2,  IncliuiYe,  in  Cape  Fear  drainage  basin. 


n 


: 


Pig.  5.— Relation  of  rainfall  to  run-off  for  1898  in 
Cape  Fear  drainage  basin. 


was  11.93  inches.  This  figure  shows  also  the  effect  upon  the  run-off 
of  the  absence  of  the  usual  rains  of  May,  July,  and  August,  which 
gave  rise  to  the  period  of  least  flow  ever  recorded. 

Fig.  7  shows  the  relation  between  that  portion  of  the  rainfall 
not  appearing  as  run-off,  and  the  mean  monthly  temperatures  for  the 
basin  of  Cape  Fear  River  above  Favetteville,  N.  C.     The  portion  in 
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Fio,  6. — Relation  of  rainfall  to  runoff  for  1900  in 
Cape  Fear  drainage  basin. 


Fig.  7.— Effect  of  temperature  on  run-off  in 
Cape  Fear  drainage  basin. 


black  represents  the  retained  water  in  inches  over  the  basin;  the  entire 
len^h  of  block  represents  to  scale  the  mean  monthly  temperatures 
over  the  Imsin  in  degrees.  The  actual  values  of  these  quantities  will 
be  found  in  the  table  on  page  58. 

It   is  evident  from  the  tables  and  figures  preceding,  that  onl}'  a 
small  portion  of  the  rainfall  over  the  drainage  basin  of  the  Cape  Fear 
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River  appears  as  nin-otf  in  the  stream.  The  remainder  of  tlie  pre- 
cipitation ha8  disappeared  in  various  ways.  A  portion  is  taken  up  by 
the  vegetable  life  of  the  basin,  and  a  portion  disappears  through  evap- 
oi-ation.  In  some  instances  another  portion  may  disappear  by  subter- 
raneiui  flow.  It  is,  however,  improbable  that  this  is  the  case  in  the 
drainage  basin  of  Cape  Fear  River,  and,  therefore,  the  diflference 
between  the  average  run-off  and  the  average  precipitation  represents 
the  amount  taken  up  by  plant  life  and  the  loss  through  evaporation. 
Both  these  agencies  are  to  a  certain  extent  dependent  upon  the  tem- 
peratures which  prevail,  and  lig.  7  following  is  the  graphical  repre- 
sentation of  this  fact. 

The  mean  monthly  temperatures  over  the  basin  were  calculated 
from  the  records  kept  by  the  United  States  Weather  Bureau  for  the 
period  covered  by  the  rainfall  and  flow  observations,  so  that  they  are 
directly  comparable. 

PEI>l!:iC  OB  YADKIX  RIVER  T>RAINA<iE  BASrN". 

The  Yadkin  River,  or,  as  it  is  called  below  the  junction  of  the 
Uharie,  the  Pedee,  rises  on  the  eastern  slope  of  the  Blue  Ridge  in 
Caldwell  and  Watauga  counties,  N.  C,  and  flows  at  first  to  the  south- 
east, then  turns  abruptly  to  the  northeast  and  flows  in  this  direction 
for  al)out  00  miles,  then  bends  again  abruptly  and  flows  toward  the 
south  and  southeast  across  North  Carolina  and  South  Carolina,  empty- 
ing into  Winyah  Bay  at  (iex)rgetown,  S.  C.  The  total  length  of  the 
stream,  from  source  to  mouth,  following  its  general  direction,  is  from 
275  to  300  miles,  while  it  is  probably  400  miles  or  more  if  all  the  wind- 
ings be  followed. 

The  Pedee  drains  a  total  area  of  about  17,000  square  miles,  of 
which  about  9,7(K)  square  miles  lie  in  North  Carolina  and  7,300  in 
South  Carolina.  The  stream  crosses  the  fall  line  near  Cheraw,  S.  C, 
in  a  -series  of  rapids  extending  over  a  number  of  miles,  with  no  very 
great  fall  at  any  one  place  or  in  any  short  distance. 

Small  amounts  of  power  may  be  developed  on  some  of  the  tribu- 
taries of  this  stream  in  South  Carolina,  but  the  power  possibilities  of 
the  basin  in  this  Stjite  are  imimportant.  In  North  Carolina  the  stream 
can  be  made  to  furnish  power  in  large  quantities  at  a  number  of  places, 
and  large  amounts  may  be  secured  on  many  of  the  tributaries.  This 
stream  and  its  tributaries  form  one  of  the  most  important  power 
regions  in  the  Southern  States. 

Below  the  great  ])end,  where  the  river  turns  to  the  south,  the  valley 
of  the  stream  averages  about  50  miles  in  width.  At  many  points  the 
river  is  bordered  by  wide  expanses  of  bottom  lands,  which  are  at 
times  subject  to  overflow,  and  which  are  fertile  and  ver\'^  productive. 
At  other  places  the  river  is  confined  between  bold  and  abrupt  banks, 
and  in  one  case  it  flows  for  several  miles  in  a  very  narrow  channel,  only 
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60  feet  wide  in  places,  in  a  deep  mvine  between  the  flanking  hilly, 
forming-  the  noted  "Narrows.''  Above  the  great  bend  the  valley  is 
only  from  15  to  20  miles  wide,  and  the  elevations  of  the  divddes  which 
separate  the  basin  of  the  Yadkin  from  those  adjacent  are  much  higher, 
so  that  the  tributarj'^  streams  have  a  large  fall. 

The  upper  part  of  the  drainage  basin  is  rough  and  mountainous  and 
lar^lj'  forest  covered,  and  throughout  this  part  of  its  course  the  flow 
of  the  stream  is  more  constant  than  would  be  expected. 

The  average  rainfall  over  the  part  of  the  basin  in  North  Carolina  is 
probably  between  48  and  51  inches,  approximating  the  lower  figure 
over  the  lower  portions,  and  possibly  exceeding  51  inches  over  the 
higher  and  more  mountainous  portions,  the  precipitation  increasing  as 
the  stream  is  ascended.  This  total  amount  is  rather  evenlv  distributed 
among*  the  seasons.  Such  a  distribution  is  conducive  to  (considerable 
variations  in  flow,  and  as  a  consequence  the  river  is  subject  to  freshets; 
but  as  a  rule  these  are  not  so  violent  as  those  occurring  on  many  of  the 
other  South  Atlantic  streams,  neither  rising  to  such  heights  nor  lasting 
so  long.  Freshets  on  this  stream  rarely  last  more  than  from  thirty -six 
to  forty -eight  hours.  The  highest  flood  ever  known  at  Wilkesboro,  it 
is  stated,  occurred  in  March,  1899,  the  stream  at  this  place  rising  28  feet 
above  low  water.  The  greatest  flood  recorded  at  the  gaging  station  at 
Salisbury,  N.  C,  occurred  in  December,  1901,  the  stream  reaching  an 
extreme  height  on  the  gage  of  19.7  feet  and  having  a  probable  dis- 
charge of  about  130,(X>0  second-feet,  or  about  88  second-feet  per  square 
mile.  The  flood  of  March,  1899,  produced  a  rise  of  about  1  foot  less 
than  this  flood  of  December.  The  most  destructive  flood  ever  experi- 
enced on  the  stream  occurred  in  Ma}'  1901,  but  the  recorded  gage 
height  at  the  Salisbury  station  was  less  for  this  flood  than  for  either  of 
the  others  mentioned,  and  the  general  testimony  of  those  living  along 
the  banks  is  to  the  same  eflfect. 

The  minimum  recorded  flow  at  the  Salisbury  station  occurred  in 
September,  October^  and  November,  1S97,  when  the  basin  of  the  stream 
experienced  the  most  severe  drouth  in  its  history.  The  flow  fell  to 
900  second-feet  seveml  times  during  this  period;  or  the  basin  alwve 
the  station  was  discharging  at  an  average  rate  of  0.26  second-foot  per 
square  mile.    The  maximum  flow  is  thus  about  144  times  the  minimum. 

As  stated,  there  are  a  number  of  localities  where  power  may  be 
developed. 

During  1902,  the  United  States  Geological  Survey  I'eceived  data  for 
the  following  stations  from  E.  W.  Myers,  resident  hydrographer:  On 
the  Yadkin,  near  Salisbury,  N.  C,  and  at  Siloam,  N.  C. 

YADKIN    RIVER   NEAR   SAIJSBURY,  N.  C. 

The  original  station  was  established  by  C.  C.  Babb,  Septem})er  24, 
1895,  and  was  located  at  the  Southern  Railway  bridge  near  Holtsburg, 


62 


STREAM   MEASUREMENTS   IN    1902,   PART   II. 


[NO.  83. 


near  the  mouth  of  Grant  Creek,  and  about  6  miles  from  Salisbury,  N.  C. 
The  length  of  the  wire  gage  was  55.10  feet.  The  station  is  easily 
reached  by  private  conveyance  from  Salisbury.  Discharge  measure- 
ments were  made  from  the  lower  side  of  the  deck  bridge,  the  zero 
point  being  on  the  left  bank.  The  channel  is  obstructed  by  three 
piers  with  large  rafts  of  driftwood  lodged  against  each  and  sand  bars 
below  each.  The  channel  is  straight,  the  current  swift,  and  the  bed 
rough  and  rocky.  The  banks  are  rather  low,  but  all  the  water  passes 
beneath  the  bridge  during  floods. 

Owing  to  the  inconvenient  location  of  the  i-ailroad  bridge  from 
which  the  measurements  were  made,  and  its  height  above  the  water, 
the  gaging  station  was  moved  June  1,  1899,  to  the  new  iron  highway 
bridge  about  300  3-ard8  above  the  railroad  bridge,  the  new  gage  read- 
ing the  same  as  the  old.  In  its  new  position  the  10-foot  mark  on  the 
rod  is  opposite  the  center  of  the  first  strut  from  the  west  end  of  the 
second  span  from  the  west  end  of  the  bridge,  on  the  downstream  side. 
The  rod  is  of  pine,  3  inches  wide,  well  painted,  graduated  to  feet  and 
tenths,  and  securely  nailed  to  the  inner  surface  of  the  guard  rail,  the 
top  of  the  rod  being  flush  with  the  top  of  the  rail.  The  distance  be- 
tween the  zero  of  the  rod  and  the  outer  rim  of  the  pulley  is  2.13  feet, 
and  between  the  end  of  the  weight  and  the  pointer  on  the  wire  26.75 
feet.  The  observer  is  J.  T.  Yarbrough,  keeper  of  the  bridge.  The 
stream  here  is  of  about  the  same  width  as  at  the  railroad  bridge,  and 
the  section  is  a  fairly  good  one  for  gaging  purposes,  the  bottom  for 
the  greater  part  of  the  width  of  the  stream  being  hard  and  rocky. 
At  times  the  current  is  very  materially  modified  by  large  quantities  of 
driftwood  lodging  against  the  piers,  but  it  is  thought  better  results 
can  be  obtained  than  at  the  old  station.  Although  this  stream  is  sub- 
ject to  periods  of  comparatively  low  flow,  the  minimum  run-off  is  large. 


JHHcharge  meamiranents  of  Yadkin  River  near  Salisburyy  N.  C 


Date. 


1902. 


Hydrojfraphor. 


I  Gage  height.    Discharge 


J.  S.  Henderson 


May  12 

June  13 do 

July  18 B.  S.  Drane, 

August  14 do 

August  29 do 

September  16 do 

October  18 do  ...   . 

I 
i 

December  8 > do 


Feet 
2.75 
2.56 
2.20 
8.30 
2.07 
2.00 
2.05 
6. 52 


Second-feeL 
4,139 
3,4r67 
2,788 
7,301 
2,411 
2,119 
2,277 
16,894 
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JkiUtj  gaAje  Jieightf  in 

feeiy  of  Yadkin  River  near  Saiisf/urt/f  iV.  C. 

Day. 
19Q2. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

■ 

Sept.    Oct. 

1 

Nov.    Dec. 

1 
1             1 

1 

1. 

2.60 
2.60 

3.95 
5. 75 

9.45 
7.03 

4.20 
3.70 

2.90       2.60  I   2.  AS 

2.00 
2.80 

1.95 
1.85 

2.06 
2.0) 

2.10 
2.15 

5.00 

2 

2.80       2.50 

2.80 

4.60 

3 

2.55 

6.17 
4.95 
3.90 
.ft.  40 

5.36 
4.65 
4.10 
4.05 
3.80 
3.50 

^46 
«.35 
8.35 
3.40 
3.25 
3.35 

2.80       2.50 
2.85  '    2.35 
2.80       2.35 
2.80       2.15 
2.85       2.25 
2.85       2.40 

2  35 

9  70 

1.80 
2.05 
2.4.«i 

2.16 
2.10 
2.18 
3.52 
4.56 
2.90 

2.18 
2.08 
2.25 
2.10 
2.80 
2.56 

6  00 

4 

2.95 
3.55 
3.40 

2. 30     2.  fiO 

5.82 

5 

2.30 
2.80 
2.40 
2.20 

2.06 

4.60 

6 

2.00     2.20 
2.00     1.90 
2.10     1.85 

5.30 

7 

3.30     3.25 
3.25     3.20 

8.98 

8 

3.34 

9 

3.20  1  3.10 
3.15  1  3.05 
3.15  j  3.00 

3.50 
3.56 
3.40 

3.80 
3,46 
3.25 

2.85       2.70 
2.75       2.40 
2.55  1    2.85 

2.40 
2.40 

2.05  \  2.10 

2.50 

2.30 
2.30 
2.08 

2.95 

10 

2.00      4..'iO  ,  2.80 

2.70 

11. 

3.00     2.10     3.80     2.30 

2.65 

1? 

3. 15 

2.90 

3.30 
3.25 

3.15     2.75       2.88  1    2.60     2. 10     2. 50  '  2. 95 
3.20     2.05       2.60  ,    2.40  |  2.10  '  2.15  '  3.50 

2.05 
2.08 

2.60 

IS. 

3.00 

2.90 

2.96 

14. 

2.90 

2.85 

3.25 

3.10     2.70 

2.60      2.40     3.42  '  2.00 

2.75 

2.08 

3.15 

15. 

2.85 
2.96 
2.95 

2.80 
2.90 
2.90 

3.20 

a  10  '  1  70 

1  RR       1  M 

4.25     2.00     ^  ^ 

2.00 
2.10 
2.16 

2  85 

15 

3.20     3.10  1  3.20       6.21 

2.05 

9. 45     2. 00 

2.26 
2.12 

2.70 

17. 

....... . 

5.65     3.10     2.90 

1 

12.48      2.15  1  3.15     1.97 

3.45 

18 

2.96  1  2.85 
2. 90     2. 8ft 

5.00  1  3.30     2.90 
3. 95     3-  ■%     3. 00 

9.57      2.a5  '  2.50     1.85 

2.10 
2.25 
2.15 

8.67  '    4.52 

19 

4.95 
3.80 
2.90 
2.75 
2.62 
2.50 
2.50 
2.60 
2.60 
3.85 
4.30 
3.25 

1.96  '  2.16     1.90 
2.10     2.00     1-85 

4. 90       3. 50 

?J> 

2.85 
2.85 
3.90 
3.85 
3.30 
3.15 
8.10 
8.00 
3.35 
3.35 

2.85 
2.90 
3.45 
4.20 
3.80 
6.23 
3.87 
6.40 
4.95 

3.50 

3.20 

2.90 
2.95 
2.80 
2.80 

3. 80      3. 06 

?1 

- 

3.30     3.20 
3.30     3.10 
8.30     3.00 

2.20  1  2  00 
2. 40     2. 10 

1.85  I  2.25 

2. 80      2. 88 

?■? 

2.00 

2.05 
1.70 

2.45  i    8.97 

:'3 

2.50     2.55  1  1.85 

2.40  '    4.50 

•?4 

3.20     3.00  i  2.66 
3.25  1  2.95  i  2.65 
3.10  1  2.95     2.86 
8. 06     2. 90     2. 85 

2.10 
2.00 
2.00 

2.20 
2.10 
1.90 

1,80     1.70 

2.85  '    3-60 

W 

1.95 
1.90 

1.90 
2.10 
2.06 
2.96 
2.96 
2.66 
2-20 

2.20 
3.00 
3.30 
2.90 
2.50 
2.60 

3.15 

?fi 

2.90 

*n 

1.95     1.85  ]  8.85 
2.20     1.95     3.00 
2.15     1.90     2.40 
2.00     1.88     2.00 
2.00  '  1.75    

2.75 

28 

3.05     2.95 
4.00     2.90 
7. 80     2, 96 

2.70 
2.60 
2.  .50 

2.60 

29 

2.60 

90 

3.40    

3.55  1 

1 

able  for  Yo 

Gage 
height. 

1 

2.65 

31. 

5.75    '  2.45 

1 

2.76 

!                         1 

Gafe 
height. 

Rating  t 
Discharge. 

Second-feet. 

idhin  River  tvear  Salisbury^  I^ 

r.  <\y  for  1902. 

.  Discharge. 
Secfrnd-feet. 

Ga 

>ge 
fht. 

Dischui 

^^•-  ,    hetiht.      I>««charge. 

1 

r 

Feet. 

„      Fe 

rt.        Second-feet.  ,      Feet.        Second-feet,  i 

1.7 

1,350 

1      4.4 

10,240     '       7.2         22,000          13.0     i     55,700 
11,000     1      7.4         22,900         13.5         59,700 

1.8 

1,580 

';    4.6  i 

2.0 

2,120 

'i      4.8 

11,800    i|      7.6    1     23,810     '     14.0        63,700 

2.2 

2,720 

"      5.0 

12,600           7.8         24,730 

14.  5         67, 900 

2.4 

3,320 

'      5.2 

13,420    1       8.0         25,650         15.0    ,    72,400 

2.6 

3,940 

!'      5.4 

14,240    II      8.5         28,000 

15.5         77,150 

2.8 

4,580 

'!      5. 6 

15, 070 

9.0 

30,  400 

1     16.0         82,000 

3.0 

5,220 

5.8 

15,910    !'      9.5         33,000 

16.5    '     87,400 

3.2 

5,900 

\       6.0 

16,750    '     10.0         :«,750 

1     17.0    !    93,000 

3.4 

6,580 

0.2     1 

17,610          10.5         38,650 

1     17.5    !    99,000 

) 

3.6 

7,280 

(i.4     1 

1 

18,470    ,|     11.0         41,700 

18.0 

105,000 

3.8 

8,000 

(5.« 

19,340          11.5     ,     44,900 

19.0 

117,400 

4.0 

8,720 

,,       6.8 

20,220     1     12.0         48,300 

4.2 

• 

9,480 

7.0 

1 

21, 

100 

12.5 

51, 9( 

X) 
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STREAM   MEASUREMENTS   IN   1902,  PART   II. 


[S'K  .S3. 


hMimaied  tnoiUhly  dMiarge  of  Y^ddkiii  Ru'er  iwar  ScUisbunff  .V.  C. 

[DraltiH^e  area,  3,399  square  miles-J 


DiHcharge  iii  fiecond-feet. 


Month. 


1902. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

Novem]x?r , 

December 

Tlie  vear  . . 


Maximum,  i  Minimum. 


8,360 
27, 295 
32,  740 

9,480  I 

5,900  ; 

55,700 
5,220  , 
9, 670  I 
10, 620  I 
10, 810  , 
12,200 
16,  750 


Mean. 


55,700 


3,780 
4,580 
5,390 
4,900 
3, 470 
2, 570 
1,980 
1,465 
1,580 
1,350 
2,120 
3,940 


5, 678. 
8,763 
9,759 
6,031 
4,530 
7,700 
2,974 
3,108 
2,871 
3,512 
3,aS3 
7,273 


Run-oir. 


Second - 

feet  per 

square 

mile. 


Depth  in 
inches. 


1.67 

2.58  i 
2.87  I 
1.77  J 

1.33    ; 

2.27  ' 

0.88  1 

0.91 

0.84 

i.as 

1.13 
2.14 


1.93 
2.69 
3.31 
1.97 
1.53 
2.53 
1.01 
1.05 
0.94 
1.19 
1.26 
2.47 


YADKIN    RIVER   AT   8IIX)AM,  N.  C. 


This  .station  was  established  on  August  2,  1900,  by  N.  C.  Curtis  and 
Cleveland  Abbe,  jr.,  as  an  aid  to  the  study  of  the  hydrographic  condi- 
tions of  the  area  which  it  was  proposed  to  incorporate  within  the  limits 
of  the  projected  Appalachian  Forest  Reserve. 

This  station  was  located  at  a  ferry  across  the  river  at  Siloam,  a  small 
station  on  the  Wilkesboro  branch  of  the  Southern  Railwav,  the  meas- 
urenients  being  made  from  the  ferryboat.  The  gage  rod  was  securely 
braced  and  nailed  to  an  overhanging  tree  al>out  50  yards  above  the 
ferr}',  and  was  referred  to  a  bench  mark  on  the  south  hank.  This 
bench  mark  consisted  of  a  notch  cut  in  the  outermost  of  a  group  of 
three  s3xamore  trees  standing  at  the  water's  edge,  about  25  feet  alwve 
the  ferry  landing,  the  notch  being  about  8  feet  from  the  ground. 

When  the  gage  was  established  the  reading  was  2.7  feet,  and  the 
water  level  stood  9.6  feet  below  the  bench  mark.  This  gage  was  inse- 
cureh''  fastened  and  was  washed  away  by  a  freshet  on  September  16, 
and  was  not  replaced  until  October  1.  The  zero  of  the  second  gag-e 
wa«  made  to  read  0.5  foot  lower  than  the  first.  This  second  gage  rod 
was  destroyed  by  flood  on  April  19,  1901,  and  was  replaced  April  29, 
1901.  The  two  former  gages  had  failed  ])y  the  breaking  off  of  the 
lower  end  by  logs  and  drift.     The  lower  end  of  the  new  gage  wasj 


KEWKLL.] 


PEDEE   BIVER   DRAINAGE    BASIN. 


65 


therefore  oraced  and  wedged  among  the  rocks  of  the  bed  of  the  river, 
and  was  also  braced  by  means  of  guy  wire«  to  the  adjacent  trees.  The 
zero  of  this  gage  was  for  this  reason  made  to  read  1  foot  below  the 
reading  of  the  original  gage. 

The  gage  heights  printed  herewith  have  been  adjusted  to  the  gage 
as  originally  established. 

The  rise  of  the  stream  in  ordinary  freshets  is  not  more  than  9  feet, 
but  in  1898,  as  shown  by  flood  marks  and  according  to  verbal  accounts, 
the  rise  was  about  16  feet  on* the  gage,  and  in  1901  on  two  occasions 
the  extreme  rise  was  more  than  20  feet,  the  flood  waters  extending 
across  the  bottom  land  for  one-third  of  a  mile  or  more  and  touching 
the  railway  tracks  at  Siloam. 

The  initial  point  for  soundings  was  on  the  right  bank  at  the  outer 
edg-e  of  a  mooring  stake  at  the  ferry  landing.  The  section  at  ordinary 
stages  of  the  stream  is  good,  the  bed  being  of  compact  sand  and  gravel, 
shifting  slightly,  if  at  all,  and  the  banks  are  high  and^are  rarel}^  sub- 
merged. Gagings  can  not  be  made  in  time  of  flood  because  of  the 
impossibilit}'^  of  handling  a  boat  in  the  swift  current. 

The  station  was  abandoned  on  December  31,  1901. 


Discharge  meatnirements  of  Yadkin  River  at  Siloam ^  X.  C 


Date. 


Hydrographer. 


1900. 


July  11... 
August  3  . 
October  31 


N.  C.  Curtis 

do 

do 


Gage  height  I  Discharge. 


1901. 


Feet.  Sccond-Jeet, 

2.90  1,367 

2.60  1,218 

3.10  1,469 


April  15 I  N.  C.  Curtis 


5.00 


5,237 


Daily  gage  height,  in  feet,  of  Yadkin  River  at  Siloam,  X.  C. 


Day. 

Jan. 

1 
Feb. 

1 

Mar. 

Apr. 

May. 

June. 

July. 

Aug.   1 

1 

1900. 

- 

• 

I :.:::;:j:.;;..  ...... J 

1 

3                          

1 

2.10 
2.05 

4                          

1 

5                

1 

2.00 

a                     

1 

•.•••■•  •••*.. 

1.95 

7                       

1 

1.90 

fi                          

1 

1 

1.90 

Q                                     

1  ** 

1.90 

10                                      

t 

1.80 

11                                      

1.80 

12 

1 
1 

......  ....... 

1.80 

2.00 

! 

2.60 

3.00 

3.10 

2.00 

2.60 

3.00 

3.10 

2.00 

2.70  1 

3.30 

3.20 

2.00 

2.70 

3.10 

3.20 

2.00 

2.80  1 

2.90 

3.10 

2.00 

2.80 

2.90 

3.10 

2.00 

2.80  1 

2.90 

3.10 

2.00 

2.90 

3.00 

3.10 

2.00 

2.80 

3.00 

3.10 

2.00 

2.80  1 

2.90 

3.20 

2.0O 

2.80 

2.90 

3.20 

2.00 

2.80 

2.90 

3.20 
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STREAM   MEASUREMENTS   IN   1902,  PART   H. 
Daily  gage  heighty  in  feet,  of  Yadkin  River  at  Siloam,  N.  C. — Continued. 


[NO.  83u 


Day. 


1900. 


IS. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Jan. 


Feb. 


Mar.  I  Apr. 


May. 


June. 


July. 


Aug. 


1901. 


2. 
3. 


7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
26. 
26. 
27. 
28. 
29. 
30. 
31. 


3.20 
3.20 
3.30 
3.20 
3.20 
3.30 
3.30 
3.20 
3.20 
3.40 
3.70 
4.60 
3.70 
3.50 
3.30 
3.30 
3.30 
3.30 
8.30 
3.30 
3.30 
3.40 
3.40 
3.30 
3.30 
3.20 
3.20 
3.20 
3.20 
3.30 
3.30 


,  3.30 

'  3.30 

I  3.30 

j  3.30 

I  3.30 

I  3.30 

1  3.40 

'  3.30 

3.40 

'  3.40 

3.30 

3.30 

3.30 

3.  .30 

3.30 

\  8.30 

j  3.30 

I  3.30 

I  3.20 

'  3.20 

!  3.20 

;  3.30 

3.30 

3.30 

3.20 

3.20 

3.10 

3.10 


3.10 
3.10 
3.10 
3.10 
3.30 
3.20 
8.20 
3.20 
3.40 
3.60 
3.50 
3.50 
3.30 
3.30 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.30 
3.30 
3.20 
3.20 
3.30 
10.90 
9.10 
3.70 
G.80 
3.40 
3.30 


3.30 
3.30 
3.20 
3.20 
3.30 
3.30 
3.30 
8.30 
3.20 
3.20 
3.30 
3.30 
3.40 
3.40 
3.80 
3.30 
3.30 
3.30 
3.70 
(«) 


4.50 


4.50 
4.50 
4.60 
4.60 
4.50 
4.50 
4.50 
4.60 
4.50 
4.50 
4.60 
4.60 
4.60 
4.60 
4.50 
4.50 
5.60 
5.00 
4.90 
4.90 
5.30 
M4. 50 
8.00 
6.00 
5.50 
5.60 
5.60 
6.10 
4.50 
4.60 
4.60 


4.60 
4.50 
4.50 
4.50 
4.60 
4.60 
4.50  > 
4.50  ' 
4.60  I 
4.60 
4.70 
4.70  I 

4.60 ; 

4.90 

11.70  I 

11.90  : 

11.80  I 

11.30  1 

8.40  1 

8.60 

10.30 

10.40 

9.60 

8.80 

8.40 

4.80 

4.80 

5.20 

8.40 

9.90 


8.60 
8.60 
4.70 
4.70 
5.10 
5.80 
4.60 
4.70 
4.70 
4.70 
4.70 
4.70 
4.90 
7.80 
6.10 
4.60 
4.60 
5.30 
4.70 
4.70 
4.60 
4.60 
4.60 
4.60 
4.70 
4.60 
4.70 
4.60 
4.70 
4.70 
4.60 


Sept.  I  Oct.      Nov. 


1.85 
2.a5 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.60 
8.05 
2.95 
3.00 
2.90 
.2.75 
2.70 
2.00 
2.00 
2.00 
2.00 

4.60 
4.70 
4.70 
4.60 
4.60 
4.60 
4.70 
4.70 
4.60 
4.00 
6.30 
7.40 
12.20  , 
11.50  ' 
11.80 
11.30  , 
12.60  I 
10.30  ' 
5.10  I 
4.60  I 
4.60  I 
4.70  I 
7.30 


2.00 
2.05 
2.20 


7.40 
4.70 
4.70 
4.60 
4.60 
4.60 
4.80 


4.70  j 
4.60  \ 
4.60  , 
4.60 
4.70  \ 
4.70  ' 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60  , 
4.70  ^ 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.70 
4.70 
'  4.60 
!  4.60 
I  4.60 
I  4.60 
I  4.70 
4.70 
4.80 
4.70 


3.10 
2.90 
2.80  I 
2.80  ' 
2.80  I 
2.80  I 
2.80  j 
2.80  I 
2.80 
3.10 
3.60 
11.70 
5.00  I 
4.10  ! 
3.90  I 
3.70  I 
3.10  1 
3.10  I 
3.10  I 

4.60 
4.60 
4.60 
4.60 
4.60 
4.60  ' 
4.70  I 
4.70  I 
4.60  \ 
4.60 
4.60  ' 
4.70  I 
4.80  I 


4.60  , 

4.60  I 

4.60  ' 

4.60 

4.60 

4.60 

4.60 

4.60 

4.60 

4.60 

4.60 

4.60 

4.60 

4.60 

4.60 

4.60 

4.60 

4.60 


2.90 
2.90 
2.90 
3.00 
3.00 
3.00 
3.00 
3.00 
3.10 
3.10 
3.00 
3.00 
3.30 
11.80 
11.30 
11.10 
9.50 
3.30 


4.  GO 
4.60 
4.60 
4.60 
4.  GO 
4.60 
4.  GO 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.70 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.70 
4.80 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 


Dec 


3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.20 
3.20 
3.20 
3.20 
3.10 
3.10 
2.20 
3.20 
320 
3.60 
370 

4.60 
4.60 
4.  GO 
4.90 
4.80 
4.60 
4.60 
4.  GO 
4.60 
4.60 
4.  GO 
4.  GO 
4.60 
4.90 
12.  GO 
9.30 
8-20 
4.80 
4.70 
4.  GO 
4.  GO 
4.  GO 
4.60 
4.60 
4.60 
4.  GO 
4.70 
5.30 
12.90 
10.20 
8.40 


nGa^e  carried  away;  replaced  April  30. 


b  Flood  estimated. 
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Rating  table  for  Yadkin  River,  at  SHoam,  N,  C,  for  1900-1901. 


Ga«e 
h<;iiht. 

Disehfirge. 

Fbel. 

SecKmdrfeet. 

1.7 

850 

1.8 

870 

1.9 

900 

2.0 

930 

2.1 

975 

2.2 

1,020 

2.3 

1,070 

2.4 

1,120 

2.5 

1,170 

2.8 

1,220 

2.7 

1,270 

2.8 

1,.320 

2.9 

1,370 

3.0 

1,420 

3.1 

1,470 

3.2 

1,540 

3.3 

1,630 

3.4 

1,740 

3.5 

1,880 

3.6 

2,020 

3.7     1 

2,180 

3.8 

2,350 

3.9* 

1 

2,540 

4.0     . 

2,740 

4.1 

2,960 

4.2 

3,200 

Gage 
beigiit. 


Fai. 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 
4.9 
5.0 
5.1 
5.2 
5.3 
5.4 
5.5 
5.6 
5.7 
5.8 
5.9 
6.0 
6.1 
6.2 
6.3 
6.4 
6.5 
6.6 
6.7 
6.8 


Discharge. 
Second-feet. 

Gage 
height. 

Discharge. 

Pert. 

Seeond'JcH. 

3,450 

6.9 

10,180 

3,700 

7.0 

10,440 

3,950 

7.1 

10,700 

4,200 

7.2 

10,960 

4,460 

7.3 

11,220 

4,720 

7.4 

11,480 

4,980 

7.5 

11,740 

5,240 

7.6 

12,000 

5,500 

7.7 

12,260 

5,760 

7.8 

12,520 

6,020 

7.9 

12,780 

6,280 

8.0 

13,040 

6,540 

8.1 

13, 300 

6,800 

8.2 

13,560 

7,060 

8.3 

13,820 

7,320 

8.4 

14,080 

7,580 

8.5 

14, 340 

7,840 

8.6 

14, 600 

8,100 

8.7 

14,860 

8,360 

8.8 

15, 120 

8,620 

8.9 

15, 380 

8,880 

9.0 

15, 640 

9,140 

9.1 

15,900 

9,400 

9.2 

16,160 

9,660 

9.3 

16,420 

9,920 

9.4 

16,680 

'     Gage 
!    height. 


Feet. 
9.5 
9.6 
9.7 
9.8 
9.9 
10.0 
10.1 
10.2 
10.3 
10.4 
10.5 
10.6 
10.7 
10.8 
10.9 
11.0 
11.1 
11.2 
U.3 
11.4 
11.5 
11.6 
11.7 
11.8 
11.9 
12.0 


Dincliarge. 

Second-feel. 
16,940 
17,200 
17,460 
17,720 
17,980 
18,240 
18,500 
18,760 
19, 020 
19,280 
19,540 
19,800 
20,060 
20,320 
20,580 
20,840 
21,100 
21,360 
21,620 
21,880 
22, 140 
22,400 
22,660 
22, 920 
23, 180 
23,440 


V 
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STREAM   KEASUREMENTS    IN    19Q2,   PART    II. 


[NO.  83. 


Estimated  monthly  dUtcharge  of  Yadkin  Rwer  at  Siloam,  X.  C. 

[Drainage  area,  1,219  square  miles.] 


Month 


Discharge  in  necond-feet. 


1900. 
August  3  to  31 
September  1  to  15 
October 
November 
December 

1901. 
January 
February 
March 

April  1  to  19 « 
Mav 
June 
Julv 

AugUHt 

Septemlxjr 
October 
November 
December 

The  year 


Mean. 


Run-off. 


I 


Second- 
feet  per  I  Depth  in 
square    <   inches. 
mUe.     ! 


Rainfall. 


1,031 

937 

2. 296 


2 

1 

5 

10 

8 
4 
4 
4 


994 

7:« 

614 
970 
762 
864 
329 
601 
552 
296 
242 

235 

I 

211  ' 

868  i 


o.a5 

.  // 
1.88 
3.28 
1.26 


0.91 
.44 
2.17 
3.65 
1.45 


Inche*. 
2.56 
3. 52 
5.62 


4.11 


1.43 
1.32 
2.40 
1.45 
4.81 
8.47 
4.59 
7.02 
3.52 
3.48 
3.47 
5.92 

3.99 


1.65 


3.  IS 


1.:^ 

1.45 

2.77 

5.11 

1.08 

8.04 

5.54 

7.69 

9.45 

7.79 

5.29 

5.37 

8.09 

17.  a5 

3.93 

3.98 

4.01 

1.01 

3.88 

1.15 

6.82 

9.94 

71.76 


«  Gage  washed  out  by  flood  April  20. 
MISCELLANEOUS  MEASUREMENTS  IN  PEDEE  OR  YADKIN  DRAINAGE  BASIN. 

The  following  miscellaneous  measurement  was  made  in  the  Pedee  or 
Yadkin  drainage  basin  in  1902: 

October  20:  Pedee  River  at  S.  A.  L.  R.  R.  crossing,  near  Rockingham,  X.  C, 
discharge,  3,476  second-feet. 

8ANTEE  RIVER  DRAINAGE  BASIN. 

Santee  River  is  formed  by  the  junction  of  Congaree  and  Wateree 
rivers  in  the  central  part  of  South  Carolina,  and  flows  toward  the 
southeast  into  the  Atlantic  Ocean  about  10  miles  north  of  Cai>e 
Romain,  having  a  total  length  of  about  180  miles  (following  the 
course  of  the  river)  and  draining  an  area  of  about  15,000  square 
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miles.  It  is  a  navigable  stream  for  its  entire  length,  and  of  cour.se 
offers  no  opportunities  for  the  development  of  power. 

Wateree  River,  the  more  northerly  of  the  two  parent  streams,  rises 
on  the  eastern  slope  of  the  Blue  Ridge  in  McDowell  County,  N.  C, 
and  flows  first  to  the  northeast  and  then  to  the  east,  then  bends 
abruptly  to  the  southeast  and  flows  in  this  general  direction  across 
the  southern  central  portion  of  North  Carolina  and  across  the  north- 
ern central  part  of  South  Carolina  to  its  junction  with  the  Congaree, 
practically  paralleling  the  course  of  the  Yadkin  and  Pedee  rivers. 
This  stream  is  known  throughout  its  course  in  North  Carolina  as 
Catawba  River,  and  also  through  that  part  of  its  course  in  South 
Carolina  above  the  mouth  of  Wateree  Creek.  The  total  length  of 
the  stream  is  about  270  miles  in  a  straight  line,  and  about  450  miles 
when  all  the  windings  are  followed. 

The  Wateree  is  navigable  as  far  as  Camden,  but  above  this  point 
the  fall  becomes  too  great  and  navigation  is  impracticable.  In  1826 
and  following  years  the  State  of  South  Carolina  spent  large  sums  in 
the  attempt  to  render  the  river  navigable  by  means  of  locks  and  dams. 
Some  large  and  important  works  were  constructed  at  great  expense, 
but  the  undertaking  was  abandoned  before  their  completion. 

The  drainage  basin  resembles  that  of  the  Yadkin  in  many  respects, 
the  upper  portion  of  the  stream  flowing  between  parallel  ranges  of 
mountains  from  which  it  receives  many  tributaries  affording  much 
power.  The  average  width  of  the  valley  of  the  main  stream  in  North 
Carolina  is  only  from  15  to  20  miles,  and  the  fall  in  the  main  stream  is 
very  considerable.  The  greater  part  of  the  drainage  basin  is  hilly, 
and  the  upper  portions  are  mountainous.  A  number  of  the  tributary 
streams  rise  and  flow  for  almost  their  entire  length  in  high  mountains. 
About  65  per  cent  of  the  upper  part  of  the  basin  is  in  forest.  Lin- 
ville  River  and  John  River,  the  principal  tributaries  in  North  Carolina, 
flow  in  country  of  this  character,  and  their  basins  are  almost  entirel}' 
forested. 

Wateree  River  crosses  the  fall  line  about  5  miles  above  Camden, 
S.  C,  in  i-apids  about  6  miles  in  length,  with  a  total  fall  of  about 
52  feet.  The  Great  Falls  of  the  Catawba  are  some  distance  above. 
This  is  the  largest  power  in  South  Carolina,  and  one  of  the  largest  in 
the  Southern  States,  the  available  fall  being  173  feet. 

The  avei'age  minfall  on  the  basin  is  about  50  inches,  the  annual  total 
inci-easing  as  the  stream  is  ascended.  The  maximum  flood  ever  expe- 
rienced on 'the  river  was  in  May,  1901,  the  gage  reading  at  the  Rock- 
hill  station  being  24.15  feet  and  the  measured  discharge  nearly 
151,000  second-feet,  or  nearly  50  second-feet  per  square  mile  from 
the  di-ainage  basin  above  the  station.  The  greatest  flood  previously 
experienced  on  the  stream  was  in  1865.     This  was  only  about  2  feet 
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lower  than  the  flood  of  May  on  the  lower  part  of  the  river,  but  the 
Ma}^  rise  exceeded  all  previous  records  on  the  upper  portion  of  the 
river  by  from  8  to  16  feet. 

The  minimum  flow  recorded  for  the  Rockhill  station  is  1,300  second- 
feet,  or  about  0.43  second-foot  per  square  mile.  The  maximum  flow 
is  about  116  times  the  minimum. 

The  Congaree,  the  second  and  more  southerly  of-  the  two  streams 
which  by  their  union  form  the  Santee,  is  formed  b}'^  the  junction  of 
Broad  and  Saluda  rivers  between  Lexington  and  Richland  counties, 
S.  C,  whence  it  flows  in  a  general  southeasterly  direction,  but  in  a  ver^' 
tortuous  channel,  for  about  60  miles  to  its  junction  with  the  Wateree. 
The  stream  is  navigable  to  Columbia,  the  capital  of  the  State.  There 
it  crosses  the  fall  line,  giving  rise  to  a  very  fine  water  power,  the  only 
one  on  the  stream,  which  is  being  extensively  used  in  the  manufactur- 
ing enterprises  of  Columbia. 

Broad  River  rises  on  the  eastern  slope  of  the  Blue  Ridge  near 
Hickory  Nut  Gap,  in  the  southwestern  part  of  McDowell  County  and 
the  northeastern  part  of  Henderson  County,  N.  C,  and  flows  in  a 
general  southeasterly  direction  across  a  portion  of  southern-central 
North  Carolina  and  of  northern-central  South  Carohna  to  its  junction 
with  the  Saluda  at  Columbia.  The  length  of  the  river  in  a  straight 
line  is  about  128  miles,  but  it  is  much  greater  if  the  course  of  the  river 
is  followed. 

In  general  character  the  drainage  basin  closely  resembles  those  of 
the  Yadkin  and  the  Catawba.  It  lies  entirely  above  the  fall  line,  is 
without  lakes,  and  is  well  wooded,  especially  in  the  upper  portion,  and 
the  soil  is  generally  loose  and  porous. 

The  rainfall  of  the  basin  averages  about  51  inches,  of  which  about 
13  inches  fall  in  spring,  the  same  in  summer,  about  10  in  autumn,  and 
about  15  in  winter.  It  is  probable  that  the  precipitation  in  the  region 
about  the  headwaters  is  much  greater  than  these  amounts  indicate. 

The  maximum  flood  recorded  at  the  Alston  station  on  this  stream, 
25  miles  above  Columbia,  occurred  in  May,  1901,  the  estimated  dis- 
charge being  181,000  second-feet,  equivalent  to  about  28  second-feet 
per  square  mile.  The  minimum  flow  recorded  at  the  same  place  is 
1,600  second-feet,  equivalent  to  0.36  second-foot  per  square  mile. 
The  maximum  flow  is  therefore  about  79  times  the  minimum. 

Saluda  River  is  formed  in  western  South  Carolina  by  the  junction 
of  the  north,  south,  and  middle  forks,  and  flows  southeast  to  its  junc- 
tion with  Broad  River,  the  length  of  the  stream  being  about  110  miie^!; 
in  a  straight  line.  The  three  forks  are  mountain  streams,  and  the 
character  of  the  drainage  basin  is  similar  to  that  of  Broad  River. 

The  average  rainfall  over  the  basin  of  the  stream  is  51  inches,  the 
amount  and  seasonal  distribution  being  similar  to  that  on  the  firoad. 
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The  maximum  flood  recorded  at  the  Waterloo  station  on  this  stream 
occurred  in  February,  1902,  the  rise  being  23  feet  above  low  water,  and 
the  estimated  discharge  being  about  18,500  second-feet,  equivalent  to 
about  18  second-feet  per  square  mile.  The  minimum  discharge  so  far 
i-ecorded  is  290  second-feet,  or  about  0.28  second-foot  per  square  mile. 
The  maximum  discharge  is  therefore  about  64  times  the  minimum. 

The  United  States  Geological  Survey  has  maintained  the  following 
.stations  in  this  basin,  under  the  direction  of  E.  W.  Myers:  On  the 
Catawba,  near  Rockhill,  S.  C;  at  Catawba,  N.  C,  and  near  Morgan- 
town,  N.  C;  on  the  John,  near  Morgantown,  N.  C. ;  on  the  Linville, 
near  Bridgewater,  N.  C. ;  on  the  Broad  (of  the  Carolinas),  near  Alston, 
S.  C. ;  on  the  Saluda,  near  Waterloo,  S.  C. 

CATAWBA   RIVER   NEAR   ROCKHITX,  S.  O. 

This  station  was  established  by  C.  C.  Babb  on  September  3,  1895. 
It  is  located  at  the  bridge  of  the  Southern  Railway,  3  miles  south  of 
FcHrt  Mill,  S.  C,  and  is  about  60  miles  below  the  Catawba  station, 
now  abandoned.  The  gage,  a  wire  gage  of  the  ordinary  type,  is  fas- 
tened to  the  upstream  guard  rail  on  the  upper  side,  the  2-foot  mark  on 
the  rod  being  over  the  center  of  the  second  vertical  compression  mem- 
ber of  the  second  truss  from  the  south  end  of  the  bridge.  The  dis- 
tance from  the  zero  of  the  rod  to  the  outside  edge  of  the  pulley  wheel 
is  1.3  feet,  and  from  the  end  of  the  weight  to  the  pointer  on  the  wire 
is  52.96  feet. 

The  length  of  the  gage  was  frequently  verified  during  1902  and  was 
found  correct.  The  station  is  reached  from  Rockhill  by  private  con- 
ve3'anoe.  The  channel  of  the  stream  is  curved  above  and  below  the 
bridge,  which  crosses  at  the  head  of  a  bend.  The  current  flows  at  an 
angle  with  the  bridge  and  is  swift;  the  water  is  shallow  at  ordinary 
stages  of  the  stream,  and  the  bottom  rough.  Altogether,  the  station 
is  a  poor  one.  The  observer  is  D.  A.  Morris,  a  farmer  living  near 
the  bridge. 

The  following  discharge  measurements  were  made  during  1902  by 
J.  S.  Henderson  and  B.  S.  Drane: 

May  13:  Gage  height,  2.20  feet;  discharge,  4,013  second-feet. 
Augusts:  Gage  height,  1.70  feet;  discharge,  3,086  second-feet. 
Augost  29:  Gage  height,  1.62  feet;  discharge,  2,504  second-feet. 
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I>(iily  gage  height^  infeetf  of  Catawba  River  near  RockhiU,  S.  C. 


Day. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


1902. 


Jan. 

Feb. 

Mar. 

Apr. 

7.50 

4.00 

15.30 

4.10 

4.70 

9.00 

11.90 

3.90 

3.70 

6.20 

6.80 

3.50 

3.40 

4.50 

5.60 

3.10 

3.20 

3.40 

4.00 

3.00 

2.90 

3.20 

4.00 

3.00 

2.90 

3.00 

4.00 

2.90 

2.80 

3.00 

3.40 

3.00 

2.80 

2.80 

3.50 

3.20 

2.80 

2.70 

3.40 

3.10 

2.70 

2.60 

3.20 

2.90 

2.70 

2.60 

3.00 

2.70 

2.70 

2.60 

3.30 

2.60 

2.60 

2.60 

3.10 

2.60 

2.60 

2.70 

3.00 

2.50 

2.60 

2.70 

3.00 

2.50 

2.50 

2.70 

3.40 

2.40 

2.50 

2.70 

5.30 

2.70 

2.50 

2.70 

3.90 

2.60 

2.50 

2.70 

8.40 

2.60 

2.50 

2.70 

3.10 

2.60 

3.20 

3.20 

3.10 

2.60 

2.90 

4.70 

3.00 

2.60 

2.90 

4.90 

2.90 

2.60 

2.50 

5.40 

2.80 

2.50 

2.50 

5.80 

2.80 

2.50 

2.50 

6.30 

2.80 

2.50 

2.60 

7.60 

2.70 

2.40 

1   2.80 

3.80 

2.40 

2.90 

9.90 

2.30 

1   3.00 

1 

6.20 

May. 


2.30 

2.00 

2.80 

2.00 

2.30 

2.00 

2.30 

2.00 

2.80 

1.90 

2.30 

1.90 

2.20 

2.10 

2.20 

1.90 

2.20 

2.20 

2.20 

2.10 

2.20 

2.00 

2.20 

1.90 

2.20 

1.90 

2.20 

1.90 

2.30 

2,00 

2.40 

6.60 

2.80 

16.40 

2.40 

7.40 

2.40 

4.10 

2.60 

2.60 

2.50 

2.50 

2.50 

2.40 

2.50 

2.40 

2.40 

2.40 

2.30 

2.40 

2.70 

2.30 

2.50 

2.20 

2.50 

2.20 

2.40 

2.20 

2.10 

2.20 

2.00 



July. 

Aug. 

2.20 

2.10 

2.10 

2.10 

2.00 

2.10 

2.00 

1.90 

1.90 

1.90 

2.00 

1.80 

1.90 

1.80 

1.90 

1.70 

1.90 

1.70 

2.40 

1.70 

2.60 

1.70 

2.50 

2.00 

2.50 

2.10 

2.40 

6.00 

2.30 

3.50  ' 

2.20 

2.40 

2.10 

1.85  \ 

2.00 

1.80  1 

1.90 

1.70  , 

1.90 

1.70 

1.90 

1.70  ' 

1.90 

1.70 

2.10 

1.70 

1.90 

1.70 

1.90 

1.70 

2.10 

1.60 

1.90 

1.60 

1.90 

1.60 

1.90 

1.60 

2.00 

1.60 

2.10 

1.60 

Sept. 


1.60 
1.60 
1.60 
2.70 
2.80 
2.40 
1.70 
1.60 
3.20 
5.50 
3.50 
2.40 
1.90 
1.80 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.70 


1.90 
2.30 
2.00 
1.80 
1.90 
3.20 
3.10 
2.20 
1.90 
1.80 
1.90 
2.40 
2.20 
2.70 
2.30 
2.00 
1.80 
1,80 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
■2.00 
3.80 
2.70 
2.70 
2.00 


1.80 
1.75 
1.70  I 
1-70  1 
1.70  I 
1.70  j 
2.00  , 
2.45  ' 
2.00  ' 
l.«0  ' 
1.80  1 
1.80 

l.T.T 

1.70  i 

1,70 

1.70 

1.70  I 

6.10 

2.50  I 

2.60  ' 

2-10 

1.90 

1.90 

1.80 

1.80 

2.40 

2.40 

2.20 

2.10 

1.80 


Dec 
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4.25 
2.90 
5.60 
5.10 
4.00 
3.60 
3.40 
2.75 
2.50 
2.30 
2.15 
2-15 
2.40 
2.40 
2-30 
2.15 
•«.66 
3.20 
2.90 
2.50 
2.30 
3.80 
3.20 
3.00 
2.60 
2.40 
2.25 
2.15 
2.10 
2.10 
2.30 


Gage 
height. 

Discharge. 

1 

Gage 
1    height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Sec(md-/eet. 

1.6 

2,700 

3.2 

6,300 

1.8 

a,  100 

3.4 

6,800 

2.0 

3, 550 

3.6 

7,300 

2.2 

4,000 

3.8 

7,800 

2.4 

4, 450 

4.0 

8,  300 

2.6 

4,900 

4.2 

8,900 

2.8 

5,350 

4.4 

9,500 

,      3.0 

5,800 

1 

4.6 

10,100 

Gage 
height. 


Feet. 

m 

4.8 
5.0 


6.0 
6.5 
7.0 
7.5 
8.0 


Discharge. 


Seeowl-feet. 
10,800 
11,500 
13,275 
15,  250 
17,275 
19,500 
21 ,  750 
24,000 


Gage 
height. 


F^d. 

8.5 

9.0 

9.5 

10.0 

10.5 

11.0 

11.5 

12.0 

i 
Discharge. 

S(Cond-/fH. 

26,500 

29,000 

31,500 

34,000 

I     36,750 

39,500 

42;  50O 

45,500 
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Estimated  monthhj  discharge  of  Catawba  River  near  RockhiU^  S.  C. 

[Dralna^re  area,  2,9S7  square  miles.] 


Dischargre  in  second-feet. 


Month. 


M&ximum. 


1902. 

January 21, 750 

February 29, 000 

March 70, 400 

April : 8,600 

May 5 , 1 25 

June 79, 400 

July 4,900 

August 15, 250 

September 1 3, 275 

October 7, 800 

November 15, 650 

December '  13, 650 

The  year 79, 400 


Minimum. 


4,675 
4,900 
5,125 
4,225 
3, 550 
3, 325 
3,  325 
2,700 
2,700 
2,700 
2,900 
3,  775 


2,700 


Mean. 


6,019  . 
8,  846 
11,724  ; 
5,368 
4,290 
7,580 
3,717 
3,634 
3,651 
3,804 
3,830  i 
5,686 


Run-off. 


Second- 
feet  per 
Nquare 
mile. 


2.02 
2.96 
3. 93 
1.80 
1.44 
2.  54 
1.24 
1.22 
1.22 
1.27 
1.28 
1.90 


5,512  I       1.90 


Depth  in 
Inches. 


2.33 
3.08 
4.53 
2.01 
1.66 
2.93 
1.43 
1.41 
1.36 
1.46 
1.43 
2.19 

25.82 


CATAWBA   RIVER  AT   CATAWBA,  N.  C. 

Thi.s  river  rises  in  the  western  part  of  North  Carolina,  flows  east, 
then  south  to  the  central  part  of  South  Carolina,  where  it  unites  with 
the  Congaree  to  form  the  Santee  River.  At  a  number  of  points  along 
this  river  there  are  water  powers  which  may  l>e  developed.  Near  its 
source  Catawba  River  flows  through  a  mountainous  country,  which 
becomes  flatter  as  the  South  Carolina  line  is  approached.  The  greater 
part  of  its  drainage  basin  is  covered  with  woodland  or  forest.  The 
station  at  Catawba  was  originally  established  by  E.  W.  Myers  in  July, 
1896,  but  was  abandoned  on  Decern l>er  31,  1899.  It  wa,s  located  at  the 
Southern  Railway  bridge,  about  one-half  mile  from  Catawba,  N.  C. 
The  river  is  straight  above  and  below  the  bridge;  the  current  is  swift 
and  evenlv  distributed  across  the  stream.  The  channel  is  obstructed 
by  three  piers.  At  time  of  highest  water  the  west  bank  overflows 
slightly  and  the  sandy  bed  cuts  out  in  places.  The  observer  is  C.  A'. 
Reed,  jr.,  a  clerk  in  the  post-ofiice  at  Catawba,  N.  C.  Discharge  meas- 
urements were  made  from  the  plank  walk  underneath  the  bridge.  The 
railway  bridge  hei'e  is  a  deck  bridge,  and  the  gage  was  located  on  a 
footway  which  was  laid  along  the  lower  system  of  bracing.  When  the 
station  wa.s  visited  in  October,  1S99,  it  was  dis<'overed  that  the  span 
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on  which  the  gage  was  located  was  to  be  removed,  so  it  became  neces- 
sary to  move  the  gage  rod,  which  was  done  as  follows: 

A  small  tempoi-ary  gage  was  installed  to  discover  any  change  in  the 
stage  of  the  river  while  the  gage  was  being  removed.  The  distance 
from  the  weight  to  the  pointer  on  the  wire  was  measured  and  found 
to  be  correct  when  the  gage  reading  was  taken  and  recorded,  as  was 
also  the  reading  of  the  temporary  gage.  The  rod  was  then  moved  to 
the  position  which  was  chosen  for  it  and  securely  fastened  to  the 
guard  rail  on  the  downstream  side  and  on  the  second  span  of  the  bridge 
from  the  west.  The  zero  of  the  rod  is  over  the  center  of  the  second 
floor  beam  from  the  west  end  of  the  second  span  from  the  west  end  of 
the  bridge.  From  the  zero  of  the  rod  to  the  outer  rim  of  the  pulley 
wheel  is  2.6  feet.  The  small  temporary  gage  was  then  read,  and  it 
was  found  that  the  reading  was  unchanged;  so  the  gage  In  its  new 
position  was  given  the  same  reading  which  it  had  before.  The  length 
of  the  wire  rope  from  the  end  of  the  weight  to  the  pointer  on  the 
wire  was  then  measured  and  found  to  be  55.25  feet.  On  June  13, 
1900,  the  station  was  reestablished  as  a  temporary  station  to  assist  in 
the  study  of  the  hydrography  of  the  southern  Appalachian  region. 
The  wire  gage  was  suspended  from  the  bridge  and  was  referred  to  a 
painted  gage  rod,  which  was  divided  into  feet  and  tenths  and  nailed 
to  the  guard  rail.  The  initial  point  of  sounding  was  on  the  west  end 
of  the  bridge. 

The  station  was  again  abandoned  in  April,  1902,  as  the  section  had 
been  so  badly^injured  by  floods  and  by  repairs  to  the  l)ridge  that  it 
was  almost  worthless  as  a  point  of  measurement.  The  drainage  area 
above  this  station  is  1,585  square  miles. 

TMily  gar/e  height^  in  fetif  of  Caiamba  River  at  Catawba,  N.  C. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


Day. 


1902. 


3. '25 
3.20 
3.20 
3.15 
3.0) 
2.90 
2.80 
2.80 
2.75 
2.70 
2.70 
2.60 

Feb. 


3.35 
3.35 
4.60 
4.35 
4.05 
4.05 
3.80 
3.00 
2. 8.'> 
2.60 
2.00 
2.60 
2.Gt) 
2.00 
2.60 
2.60 


Mar. 


11.80 
8.20 
6.50 
5.25 
4.40 
3.85 
3.  (M) 
3. 45 
l30 
3.15 
3.10 
3.00 
3.00 
3.15 
4.10 
4.90 


Apr. 


5.35 
4.60 
3.85 
3.25 
3.00 
3.00 
3.00 
3.20 
3.  C5 
3.00 
3.00 


17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
20. 
27. 
28. 
29. 
30. 
31. 


Day. 


1902. 


Jan. 


2.66 

1 

1 

2.60  ' 

2.60 

2.60  I 

2.50 

2.60  * 

2.50 

2.60  1 

2.50 

2.S5 

2.60 

3.60 

2.60 

8.85 

2.50 

3.10 

2.60 

8.20 

2.60 

6.70 

2.50 

4.75 

3.25 

19.00 

4.10 

3.80 

3.50 

6.50 
4.20 
3.95 
3.80 
S.55 
3.25 
3.10 
3.00 
2.90 
2.85 
2.85 
3.90 
13.25 
6.70 
6.10 


Apr. 
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CATAWBA    RIVER   NEAR   MORGANTON,  N.  C. 

This  station  was  established  on  June  19, 1900,  in  connection  with  the 
hydrographic  investigation  of  the  southern  Appalachian  area  which 
"WSLS  then  in  progress,  and  was  located  on  the  highway  bridge  on  the 
road  from  Morganton  to  Hartland.  A  wire  gage  of  the  usual  type 
was  established,  with  a  horizontal  scale  board  graduated  to  feet  and 
tenths. 

The  river  is  straight  for  a  considerable  distance  below  the  bridge, 
but  there  is  a  bend  of  nearly  a  right  angle  about  200  to  300  feet  above. 
The  banks  of  the  stream  are  very  high,  having  never  been  overflowed. 

Previous  to  the  establishment  of  this  station  the  highest  known 
flood  in  this  stream  rose  to  the  level  of  the  bridge  floor,  a  height  of 
about  28  feet;  but  in  May,  1901,  the  river  rose  throughout  this  part  of 
its  course  from  8  to  15  feet  higher  than  ever  before  known,  and  the 
bridge  and  gage  were  destroyed. 

The  l>ed  of  the  river  is  of  sand  and  mud,  with  some  loose  rock,  and 
will  probably  shift  to  a  very  slight  extent  during  severe  floods.  This 
station  was  maintained  only  during  1900  and  was  abandoned  at  the  end 
of  that  year. 

During  1900  the  following  discharge  measurements  were  made  at  this 
station: 

June  13:  Gage  height,  1.33  feet;  discharge,  1,393  second-feet. 
June  18:  Gage  height,  2.50  feet;  dischai^e,  4,030  second-feet. 
July  6:  Gage  height,  l.iiO  feet;  discharge,  1,164  second-feet. 
August  8:  Gage  height,  0.t>0  foot;  discharge,  558  second-feet. 
September  24:  Gage  height,  0.50  foot;  discharge,  525  second-feet. 
November  7:  Gage  height,  1.50  feet;  discharge,  1,374  second-feet. 

Daily  gage  lieightj  in  feetj  of  Catawba  River  near  MorgantoUj  N.  C. 


Day. 

June. 

July. 

1          

1900. 

1.53 
1.78 
1.60 
1.48 
1.43 
1.30 
1.23 
1.20 
I.IO 
1.50 
1.00 
1.00 
1.26 
1.00 
.95 

2              

3       

4             ' 

5           1 

^ 1 

A                        

7               

8                  1 

9     . 

. 

10              

11                 

12 

13                            .... 

14                

16 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

0.97 

0.60 

0.50 

1.25 

1.36 

.83 

.56 

.50 

1.26 

1.26 

.78 

.60 

.68 

2.70 

1.65 

.75 

.63 

1.00 

1.70 

2.40 

.76 

.55 

1.20 

1.45 

2.30 

.70 

.50 

1.10 

1.70 

1.97 

.70 

.45 

.80 

1.56 

1.60 

.65 

.50 

.85 

1.26 

1.45 

.63 

.45 

.80 

1.35 

1.50 

.60 

.45 

.75 

1.20 

1.40 

.58 

.33 

.65 

1.20 

1.26 

.67 

.35 

.60 

1.20 

1.20 

.65 

.33 

.55 

1.10 

1.10 

.65 

1.65 

.68 

1.26 

1.05 

.63 

2.60 

.53  . 

1.25 
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Daily  gage  height^  in  feet,  of  CalawfKi  River  near  Aforgantorif  N.  C. — C^ontinue^l. 


— 

Day. 
1900. 

—  -  - 

-  -  -  ■ 

June. 

1  July. 

J 

Aug.   '   Sept. 

1 

1 
Oct.    ' 

Nov. 

1 

1 

1 
1 

16 

0.90 

.87 
.87 
.83 

0.55         2.15 
.63         1.25 

0.53  1 

1.26 
1.25 

17 

1 
1 

1 

] 

18 

.63  ,      1.15           -.W  1 

1. 00 



19 

2.60 

.53  i        .80 
.45  '         .68 
.45           .63 
.65  ,         .43 

.53  i 

.53 

.50 

1 

,.» ::;::::;     i 

90 

1.60  '         .85 

1.25 
1.00 
1.50 
.95 
1.50 
1.90 
4.80 

— 

21 

l.€0 
8.87 
3.05 
3.87 

.87 

.83 

.80 

1        .OS 

2? 

'» 

.73          .55  ;      8.55 
.58            53  !      6.4« 
.80           .56'      4.15 
.60           .53  !      2.95 
.58           .53  1      1.80 
.63          .48  !      1.60 
.55          .55  1      1.60 
.60  '        .53  1      1.40 

.55' !      1.35 

1                1                1 

?4 

— 

25 

3.60         1.23 
3.00  !      1.25 

26 

27 

2.30 
2.28 
1.95 
1.70 

2.63 
1.05 
1.10 
1.45 
1.43 

3.20  ' 

id 

2.80  1 
1.60  j 
1.52 
1 

n 

30 

31 

-- 

1 

Rating  tab 

lefor  Catawba  River  near  Morg 

!      Gage         DisPhanre     1      ^**® 
height.      *'>«'nftrge.       height. 

■1                             ,! 

fantOTij  N.  C,,for  1900, 

1 

Gage 
height. 

1 
1 

1  Diflohargc. 

i 
Discharge,  f 

1 

1 

Gage 
height. 

Diarhaige. 

1 
1 

\ 

Second-feet. 

1 

1 

1 

'  Second-feet.  ' 

F^et. 

1 
.Second-feet,  j 

fy-rf. 

Seeond-feet. 

1 
1 

0.3 

455 

'       2.2 

1 

2, 310            4. 1 

5,470     ];       6.0 

8,700     j 

.4 

490 

2.3 

2, 470     1      4.  2 

1      5,640     ;       6.5 

1         * 

1       9, 550     1 

.5 

525 

2.4 

2,f>30           4.3 

j      5,810     ,;       7.0 

1     10, 400     j 

.6 

5(K) 

2.5 

2, 790     ,       4. 4 

5,980     i|       7.5 

11,250 

.  7 

620 

2.6 

2, 950     i       4. 5 

6,150     1       8.0 

12,100 

.8 

690 

2.7 

3,110     ',       4.6 

6,320     '1       8.5 

1         '            , 

12,950 

.0 

770 

2.8 

3,270            4.7 

6, 490            9. 0 

13,800 

1.0 

860 

2.9 

'       3,4:W     '       4.8 

6, 660            9. 5 

14,650 

1.1 

955 

3.0 

3,600     1       4.9 

6,8:^0          10.0 

15,500 

1.2 

1,W)5 

3.1 

3,770     1       5.0 

7, 000     ;     10. 5 

16,:{50 

1.;? 

1,160 

3.2 

3, 940 

5.1 

7,170     1     11.0 

17,200 

1.4 

1,265 

3.  3 

4,110 

1 

5.2 

7,340     i     11.5 

18,050 

l.o 

1,375 

3.4 

4,280     1       5.3 

7,510     j     12.0 

18,<K)0 

1.6 

1,485 

1       3. 5 

4,460     1 

5.4 

7,680     , 

12.5 

19,  750 

1.7 

l,(iOO 

3.6 

4,620 

5.5 

7,850     ! 

13.0 

20,600 

1.8 

1,  725 

3.7 

4,7W 

5.6 

8,020 

13.5 

21,450 

1.9 

1,W50 

3.8 

4,960     .       5.7 

!       8,190 

14.0 

22,  :}00 

2.0 

2,000 

3.9 

5, 130     ; 

5.8 

8,:^60     ; 

2.1 

2,150 

4.0 

5,  300 

1 

5.9 

8,530     I 

1 

1 
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Estimated  monthly  discharge  of  Catawba  River  near  MorganUm,  N.  C. 

[Drainage  area,  758  square  miles.] 


Month. 


Diflcharf^e  in  second-feet. 


1900. 

June  « 

July... 

AugU£9t 

i?epteinl)er 

October 

November 

December  ^. . , 


Maximum.  !  Minimum. 


Mean. 


3,000 

815 

2,790 

13,035  ; 

5,810 


690 
507 
473 
525 

815 


2,948 
1,092 
597 
734 
1,698 
1,562 
1,462 


Run-off. 


Second- 
feet  per 
square 
mile. 


Depth  In 
inches. 


3.89 

1.74 

1.440 

1.66 

.797 

.91 

.96 

1.08 

2.24 

2.59 

2.06 

2.30 

1.93 

1.00 

Rainfall 
in  inches. 


9.01 
4.24 
1.96 
4.23 

9.76 


4.58 


a  12  days. 


b  14  days. 


JOHN   BIVER  NEAR  MORGANTON,  N.  C. 

This  station,  like  the  one  on  the  Catawba  River  near  Morganton, 
was  established  in  connection  with  the  hydrographic  investigation  of 
the  southern  Appalachian  area.  It  was  located  on  the  highway  bridge 
on  the  road  from  Morganton  to  Lenoir. 

A  wire  gage  was  established  similar  to  that  at  the  Morganton  sta- 
tion, the  gage  rod  being  nailed  to  the  guard  rail  on  the  downstream 
side  of  the  bridge. 

The  section  presented  at  this  station  is  fairly  good  at  all  times, 
though  for  a  part  of  the  way  the  bottom  is  rough  and  rocky.  The 
river  banks  are  high  and  are  never  overflowed,  the  bed  is  peimanent, 
and  the  course  of  the  stream  is  straight  for  some  distance  above  and 
below  the  station. 

This  station  was  abandoned  on  December  31,  1901. 

-   Discharge  mewmremenls  of  John  River  near  Morganton,  X.  C. 


Date. 


Hydrographer. 


1900. 


E.  W.  Myers 
....do 


Jane  13 

June  19 

July  6 ' do 

August  8 do 

September  24 do 

November  7 ■ do 


Gage  height. 


2.64 
3.50 
2.63 
1.90 
1.90 
2.32 


DiHchargc. 

Second-feet. 
465 
1,202 
511 
135 
148 
367 
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Daily  gage  height,  in  feet,  of  John  River  near  AforganUm,  N.  C, 


Day. 

.Inn. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1900. 
1 

2.10 
2.03 
2.00 
2.15 
1.90 
1.88 
1.93 
1.90 
1.90 
1.90 
1.90 


1.98 
1.88 
1.93 
1.93 
1.93 
1.98 






1.70 
1.70 
1.70 
1.70 
1.80 
2.90 

2.30 
2.03 
1.95 
1.90 
1.90 
1.90 

1.80 
1.83 
1.98 
2.43 
2.38 
2.28 
2.10 
2.03 
1.93 
1.90 
1.90 
1.95 
1.90 
....... 

1.90 
1.88 
1.83 
1.78 
1.73 
1.73 

1.88 
14.72 
5.60 
3.45 
2.98 
2.70 

2.46 
2.30 
2.30 

3.08 

3.00 

2.90 

2.80 

2.75 

2.70 

2.70. 

2.73 

2.72 

2.70 

2.  TO 

2.68 

2.70 

2.95 

2.80 

2.78 

2.72 

2.68 

2.65 

2.60 

2.60 

2.60 

2.30 
2.30 
2.50 

2.60 
2.35 
2.35 
2.30 
2.25 
2.25 

2.20 
2.20 
2.15 
2.15 
2.10 
2.05 

2.12 
2.15 
2.12 
2.10  i 
2.08  1 
2.08 

1 

4.55  ' 

3.00  ' 

2.65  \ 

2.52 

2.42 



2.32 

2 

2.60 
2.56 
2.?)8 
2.70 
2.58 
2.45 

1 

1    .   . 

, 1 

1 

2.32 

4 

3u3S 

6 

3.20 

c 



2.85 

7 

1 
......  ....••.' 

2,67 

8 ! 

2.62 

9 ! 



2.38 
2.30 
2.25 
2.25 
2.30 
2.26 

2.00 

10 1 

2.50 

11 

2.35 

12 1 

2.32 

18 1 

2.35 

14 

1 

2.30 

15 ' 

i 

2.28 

16 1-     -- 

1 

2.15 
2.13 
2.10 
2.10 
2.15 
2.46 

1 

I  ...... 

17 

1  ------ 

'      2.25 

18 

1     2.20 

19 

3.60 
3.25 
2.80 
3.28 
3.20 

2.18 

20 

2.22 

21 

-   .  - 

3.06 

22 

....... 

1 

2.92 

23 ^..     .. 

1 

2.10 
2.28 
2.35 
2.30 

24 

i !.. 

1.90 
1.85 
1.83 
1.1« 
1.80 
1.83 

2.78 

25 

...... 

1 

3.76 
3.58 

2.68 

26 

1             I 

2.48 

27        .... 

3.23 

2.23 
2.20 

2.32 

28 ' 

1 

3.20 
2.95 
2.86 

2.32 

29 ' 

1 

2.28 

80 1 

1 

•  •■...1....... 

1 

2.20 
2.13 

a...: ' 

1 

1 

I 

2.90 

2.20 
2.15 

2.95 
2.90 
2.90 
2.80 

2.80 
2.73 
3.8o 
3.05 
3.08 
3.05 

6.15 
4.05 
3.90 
3.80 
8.60 
3.60 
3.40 
3.20 
3.20 
8.20 
3.17 
8.17 
8.10 
8.06 

8.60 
3.15 
3.10 
3.00 
3.00 
2.95 

1901. 
1 

2.62 
2.52 
2.42 
2.32 
2.30 
2.32 
2.32 
2.32 
2.32 
2.37 
2.80 
6.66 



2.23 

2.28 

...... 

8.85 
8.20 
4.15 
3.90 
3.25 

3.18 
2.95 
2.70 
2.68 
2.60 
2.70 

2.85 
2.68 
2.60 
2.70 
5.20 
17.70 
6.60 
4.60 

1 

1 

3.63  1  3.45 

1  3.30 

3,42  1  .S-15 

2.60 
2.60 
2.40 

.: 

2.60 
17.02 
6.00 
3.85 
3.38 
3.06 

3.27 
4.85 
6.10 
10.30 
5.75 
6.00 

5.15 
4.48 
4.50 
7.16 

2.52 
2.53 
2.53 
2.53 
2.53 
•2.53 
2.63 
2.63 
2.53 
2.53 
2.58 
2.50 
2.58 
2.80 
2.50 
2.45 
2.47 
2.48 
2.47 
2.48 
2.42 
2.43 

2.35 

2 

3 

2.40 
2.43 

5 

7 



2.65 

2.33 

2.33 

2.33 

2.28 

2.63 

2.15 
2.13 
2.13 
2.13 
2.13 
2.08 

3.33 
3.25 
3.50 
3.70 
3.45 

3.13 

3.10 
3.00 
3.00 

3.00 
3.00 
2.93 

2.48 
2.33 
2.38 
2.33 

8 

2.35 

9 

10 

2.40 
8.50 

11 

2.43 
2.43 
2.38 
2.33 
2.35 
2.36 

3.25 
2.45 
2.33 
2.30 
2.28 
2.25 

J?.  08  !  2.90 

8.10 

12 

i  3.00  ;  2.95 

2.78     2.90     3.00 
2.70     8.95  1 

2.90 

13 

2.80 

14 

3.02 
2.88 
2.68 
2.58 
2.60 
2.48 

&10 

15 

2.70 
2.63 
2.57 
2.60 

3.18 
10.25 
20.50 

4.60     2.95 

19.00 

16 



5.56 
4.35 
3.92 
4.45 
4.27 
7.90 

3.26 
3.05 
2.90 
3.15 
3.05 

2.77 

6.58 

17 

4.70 

18 

2.30 
2.33 
2.28 
2.28 
2.28 

2.23 
2.20 
2.20 
2.72 
2.S2 

3.76 

19 

3.05 

20 

2.95 

21 

2.43 
2.43 

2.87 

22 
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Daily  gage  height,  in  feel,  of  John  River  near  Morganton^  N.  C. — ContiniuHl. 


23. 

24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Day. 


19U1. 


Jan. 


2.40 
2.33 
2.33 
2.80 


Feb. 


2.23 


2.28 
2.28 
2.88 
2.33 


2.20 
2.23 
2.23 
2.23- 


Mar. 


2.2IS 


2.90 
13.60 
6.15 
4.05 
8.35 
3.75 


Apr. 


4.15 
3.70 
3.53 
3.38 
3.27 


May. 


6.15 
4.80 
4.40 


3.08 
3.00 


6.55 
5.00 
4.20 
3.90 


June. 


4.70 
4.15 
3.80 
3.65 
3.60 
3.50 


July. 


2.70 
2.70 
2.63 
2.60 
2.57 


2.60 
8.60 
2.73 


Aug.    Sept. 


6.11 
4.40 


4.55 
4.60 
4.48 
4.43 
6.15 
5.90 


2.90 
2.87 
2.88 
2.80 
2.70 
3.60 
3.10 
3.15 


Oct. 

Nov. 

Dec. 

2.60 

2.47 

2.90 

2.55 

2.50 

2.90 

2.55 

2.50 

3.00 

2.50 

2.43 

3.42 

2.50 

2.42 

2.90 

2.53 

2.35 

2.85 

2.50 

2.38 

15.00 

2.55 

2.80 

9.00 

2.50 

6.45 

Rating  table  for  John  River  near  Morganlon,  N.  C.^for  1900  and  1901. 


1 

Ga^e 
height. 

Discharge. 

Feet. 

Second-feeL 

1.7 

80 

1.8 

110 

1.9 

140 

2.0 

185 

2.1 

233 

2.2 

281 

2.3 

329 

2.4 

377 

2.5 

425 

2.6 

475 

2.7 

535 

2.8 

595 

1                     i 

2.9 

655 

Discharge. 


3.0 
3.1 
3.2 
3.3 
3.4 
3.5 


715 
775 
835 
895 
955 
1,015 


Feet. 
3.6 
3.7 
3.8 
3.9 
4.0 
4.1 
4.2 
4.3 
4.4 
4.5 
4.6 
4.7 
4,8 
4.9 
5.0 
5.1 
5.2 
5.3 
5.4 


Second-/^. 
1,075 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 


135 
195 
255 
315 
375 
435 
495 
555 
615 
675 
735 
795 
855 
915 
975 
035 
095 
155 


Gage 
height. 


Feet.' 
5.5 
5.6 
5.7 
5.8 
5.9 
6,0 
6.1 
6.2 
6.3 
6.4 
6.5 
6.6 
6.7 
6.8 
6.9 
7.0 
7.1 
7.2 
7.3 


Discharge. 


Second-feet. 
2,215 
2,275 
2, 335 
2, 395 
2,455 
2, 515 
2, 575 
2,635 
2, 695 
2,  755 
2,815 

.    2,875 

2,  935 
2, 995 
3, 055 
3, 115 
3,175 
3, 235 

3,  295 


Feet. 
7.4 
7.5 
7.6 
7.7 
7.8 
7.9 
8.0 
8.1 
8.2 
8.3 
8.4 
8.5 
8.6 
8.7 
8.8 
8.9 
9.0 


Discharge. 

Second-feet. 
3, 355 
3,415 

.'  3,475 
3, 536 
3, 595 
3,  (i55 
3,  715 
3,  775 

3,  8:35 
3, 895 
3, 955 
4, 015 
4, 075 
4, 1:35 
4, 195 

4,  255 
4, 315 
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[NO.  S3. 


Estimated  monthly  discharge  of  John  Rirer  near  Morgantoni,  N.  C. 

[Drainage  area,  213  square  mile».] 


Month. 


1900. 
June  « 
July 
August  '^ 
September «' 

October 

NoYeml)er.. 
December . . 


1901. 

January 

FeV)ruary 

March 

April 

May 

June 

July 

August 

September  ... 
October ...... 

November 

December 


The  vear 


a  12  (lays. 


Discharge  in  seeond-feet. 


Run-off. 


Maximum. 


Minimum. 


7,  7^5 

1,(>45 

955 


2,;W5 

505 

6, 075 

9, 5:« 

11,215 

4,285 

4, 075 

9,115 

2,005 

775 

450 

10, 315 


11,215 


95 
209 
281 

329 
281 
233 
475 
425 
655 
450 
377 
535 
425 
329 
353 


Mean. 


Second- 
feet  per 
square 
mile. 


Depth  in 
inches. 


Rain  Call. 


869 
330 
169 
177 
567 
391 
455 


233 


502 

;}52 

709 

1,447 

1,485 

1,426 

783 

1,923 

853 

531 

419 

1,458 


4.08 
1.55 
.79 
.83 
2.71 
1.84 
2. 14 

2.36 
1.65 
3.33 
6.79 
6.97 
6.69 
3.68 
9.03 
4.00 
2.49 
1.97 
6.48 


1.82 
1.79 
.53 
.65 
3.13 
2.a5 
2.47 


Inchet. 
8.26 
4.95 
1.  22 
2.49 
9.8:5 


4.74 


I 


2.72  ' 

3.09 

1.72  1 

2.26 

3.71  , 

6.  77 

7.59  ' 

9.21 

8.04  ' 

9.28 

7.47  I 

9.13 

4.24 

1.80 

0.40  ' 

1 

19.44 

4.46 

4.:i5 

2.87 

.97 

2.19 

.87 

7.48  , 

8.42 

991  I       4.62       62.89 


75.  59 


b  18  days. 


c  21  days. 


LINVILLE   lirV^ER   NEAR   BRIDGEWATER,  N.  C. 

This  station,  one  of  the  temporary  stations  established  in  connection 
with  the  hydrographic  investigations  of  the  southern  Appalachian 
region,  was  established  on  July  3,  1900,  and  was  located  at  Poole's 
mill,  just  above  the  ford  on  the  road  from  Morganton  to  Marion,  the 
gage  being  near  the  tailrace  of  the  mill.  The  gagings  were  made  about 
200  feet  below  the  site  of  the  gage. 

Ovving  to  the  construQtion  of  the  gage  it  was  placed  so  that  a  rise 
in  the  stage  of  the  water  surface  w^as  indicated  by  a  decrease  in  the 
recorded  figures,  and  vice  versa,  the  effect  being  the  same  as  if  the 
stage  of  the  water  surface  had  been  determined  by  direct  measurement 
down  from  a  fixed  point,  the  gage  ])eing  placed  upi^ide  down. 
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This  peculiaritj'  of  the  gage  was  not  noted  in  the  previous  publica- 
tion of  the  gage  heights  and  discharge  measurements  in  Water-Sup- 
ply Pai>er  No.  48,  page  142;  but  the  gage  heights  here  given  are 
rectified  by  subtracting  each  reading  from  12  feet,  the  rod  being  12 
feet  long,  and  the  rating  table  for  this  station  is  made  out  for  the  rec- 
tified gage  heights. 

The  bed  of  the  river  is  extremely  rough  and  rocky  throughout  its 
entire  course,  and  a  section  perfectly  suitable  for  making  discharge 
measurements  could  not  be  discovered.  There  are  no  bridges,  so  that 
it  was  necessary  to  make  the  gagings  by  wading,  and  as  the  ri^e  is 
considerable  and  the  current  velocity  very  great  at  high  water  no 
measurements  of  flood  discharge  were  possible. 

The  bench  mark  to  which  the  gage  was  referred  is  across  cut  in  the 
rock  cliff  on  the  left  bank  of  the  stream,  at  the  point  of  gaging;  and 
the  initial  point  of  sounding  was  the  end  of  a  log  which  is  sunk  in  the 
sand  of  the  right  bank.  The  drainage  area  above  this  station  is  rough, 
mountainous,  and  largely  forest  covered. 

Discharge  measurements  of  LinviUe  River  near  Bridyeivater^  X,  C. 


Date. 


1900. 


June  14, 
July  3 . 


July  10 '      2.10 


Gage 
height. 

Discharge. 

1 

Feet. 

Secfrnd-feet. 

2.08 

104 

2.46 

216 

2.10 

116 

Date. 


1900. 


(xage 
height. 


Fid. 


August  17 1.85 

Septemlxjr  21 2.  20 


Dis- 
charge. 


Sec. -feet. 

78 
55 


Daily  gage  height^  infeetj  of  JAnrille  River  near  BridgenHiter^  N,  C. 


Day. 


I  July. 


2. 

S. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
18. 
14. 
15. 
16. 


1900. 


2.46 
2.64 
2.42 
2.46 
2.87 
2.42 
2.20 
2.42 
2.37 
2.83 
2.37 
2.33 
2.29 
2.  S3 


Aug. 

Sept. 

2.17 

1.83 

2.08 

1.83 

2.12 

1.79 

2.17 

1.79 

2.08 

1.75 

1.92 

1.75 

2.00 

1.75 

1.92 

1.71 

1.92 

1.71 

1.92 

1.71 

1.92 

1.71 

1.92 

1.67 

1.92 

1.67 

1.87 

1.71 

1.92 

1.79 

1.92 

4.50 

Oct. 


2.25 
2.33 
2.42 
2.50 
2.42 
2.42 
2.37 
2.87 
2.87 
2.37 
2.42 
2.50 
2.56 
2.56 


Day. 

1900. 
17 

-- 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

July. 

Aug. 

Sept.        Oft. 

2.17 

1.87 

1 

2.33    

2.17 

1.87 

2.33    

1.96 

1.92 

2.00    

2.00 

1.92 

2.00  , 

2.25 

1.87 

2.08    

2.08 

1.83 

2.08    

2.08 

1.83 

2.08    

2.08 

1.83 

2.08    

2.17 

1.79 

2.00  ' 

2.08 

1.83 

1.92    

2.25 

1.79 

1.92    

2.25 

1.79 

1.87    

2.08 

1.79 

2.2=)  1 

2.17 

1.79 

2.2")    

2.08 

1.79 

1 
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Hating  table  far  Linville  River  ftear  Bridgewaier,  X.  C,  for  1900. 


Gage 
height. 


Feet. 
1.6 
1.7 
1.8 
1.9 
2.0 
2.1 
2.2 
2.3 


Dlfwharge. 

Sec(mti-/ret.  1 

55 

63 

78 

84 

97 

112 

132 

160 


Gage 
height. 


Feet. 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 
3.0 
3.1 


Diwharge. 

1 

Gage 
1    height. 

Second-fert. 

1 

/->«<. 

194 

3.2 

235 

3.3 

275 

3.4 

1 

315 

3.5 

355 

j      3.6 

395 

:      3.7 

4a5 

,      3.8 

475 

3.9 

Uiacharge. 


Sramd-fect. 
515 
555 
595 
6a5 
675 
715 
755 
795 


Gage 
height. 


FeeL 
4.0 
4.1 
4.2 
4.3 
4.4 
4.5 


Discbax^ge. 


Secrmd-frH. 
835 
875 
915 
955 
995 
1,035 


Estimated  monthly  dincJiarge  of  Linrille  River  near  RridgrnxUer,  N.  C 

[Drainage  area,  86  square  miles.] 


Di.Hcharge  in  Hec'x)nd-feet. 


Month. 


Maximum. 


1900. 

July 

August 

September 

October  « 


Minimum. 


Mean. 


295 
122 

l,0:i5 


90 
73 
59 


Run-off. 


Second- 
feet  per 
Hquarc 
mile. 


Depth  in 
inches. 


I 


Rainfall. 


Inchc*. 

154 

1.79 

2.06 

3.75 

as 

.96 

1.11   1 

3.20 

122 

1.41 

1.57  1 

2.79 

191 

2.22 

1.16  ! 

1 

1 

11.54 

"Fourteen  days'  re<H)r*l. 
BKOAl)    KIVER    (OF   THE    CAROLINAH)  NEAR   ALSTON,  S.  C. 

This  station  was  cstiUilished  by  E.  W.  Myers  on  July  3,  1896,  and 
is  located  at  the  Southern  Railway  bridge,  near  Alston,  S.  C,  about 
25  miles  above  Columbia.  The  length  of  the  wire  gage  is  42.05 
feet.  The  section  here  is  not  a  good  one,  being  broken  by  the  foun- 
dations of  an  old  bridge  crossing  at  the  same  place  as  the  present  one. 
The  bed  is  flat,  muddy,  and  somewhat  shifting.  The  river  is  straight 
for  a  long  distance  above  and  below  the  station.  The  current  is  swift 
and  the  velocity  fairly  uniform  across  the  section.  The  observer  is 
G.  M.  Heron,  a  farmer,  of  Alston,  S.  C. 

The  following  discharge  measurements  were  made  during  1902  by 
B.  S.  Drane: 

June  14:  Gage  height,  2.60  feet;  discharge,  4,224  second-feet. 
July  19:  Gage  height,  3.40  feet;  discharge,  3,757  set^oml-feet. 
August  9:  Gage  height,  3.10  feet;  discharge,  3,143  second-feet. 
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Daily  ffoge  height ,  in  feet,  of  Broad  River  iiear  Alston^  K  C 


Day. 

Jan. 

1 

190GL 

15.32 
9.50 
7.10 
6.45 
5.90 
5.40 
5.40 
5.80 
5.20 
5.05 
4.90 
4.&5 
4.55 

2 

3 

4 

5 

6 

« 

7 

8 

9 

10 

11 

12 

13 

14 

4.45 

15 

4.55 
4.60 
4.70 
4.50 
4l40 
4.45 
4.70 
6.85 
5.60 
5.00 
4.75 
4.70 
4.50 
'    4.70 
,    7. 45 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29.... 

30.... 

6.80 

31.... 

1  10.75 

Feb. 

Mar. 

13.70 

19.55 

21.17 

20.30 

20.88 

16. 15 

14.07 

9.98 

8.70 

7.82 

6.50 

7.07 

6.10 

6.60 

5.80 

6.10 

5.50 

6.40 

5.15 

6.25 

5.10 

5.95 

5.00 

5.76 

4.90 

5.8*> 

4.80 

6.35 

4.70 

5.70 

4.90 

7.60 

5.45 

12.26 

5.15 

10.98 

5.20 

7.85 

5.30 

6.75 

5.75 

6.35 

8.35 

6.10 

9.60 

5.90 

8.50 

5.70 

9.00 

5.50 

11.85 

5.50 

8.80 

5.35 

13.90 

5.60 

7.15 

12.77 

10. 15 

7.30 
6.50 
6.08 
6.90 
5.75 
5.70 
5.40 
6.20 
6.05 
5.60 
5.30 
5.20 
5.20 
5.15 
6.06 
5.15 
6.26 
6.10 
5.70 
7.65 
6.00 
5.65 
5.25 
5.10 
5.05 
4.90 
4.85 
4.75 
4.70 
4.75 


May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

4-75 

3.70 

3.65 

3.65 

3.16 

dl.25 

3.80 

10.80 

4.85 

8.26 

3.45 

4.15 

3.05 

4.20 

3.80 

7.58 

4.60 

4.10 

3.25 

3.70 

3.06 

3.40 

3.60 

13.28 

5.15 

8.65 

3.25 

4.20 

2.95 

3.30 

3.40 

12.18 

4.70 

3.55 

3.45 

3.40 

4.70 

4.10 

3.60 

8.90 

4.50 

3.40 

3.25 

3.60 

4.55 

4.90 

3.60 

7.40 

4.40 

3.35 

3.30 

3.35 

3.40 

5.90 

4.90 

6.85 

4.40 

4.10 

2.90 

3.30 

3.20 

4.  GO 

4.70 

5.50 

4.35 

3.87 

3.55 

3.10 

3.45 

3.80 

4.10 

6.00 

4.25 

8.56 

3.80 

3.26 

10.85 

3.60 

3.90 

4.66 

4.35 

3.45 

3.75 

3.50 

9.00 

4.90 

3.40 

4.55 

5.05 

3.30 

4.15 

3. 15 

5.10 

4.30 

3.80 

4.10 

4.15 

3.26 

4.16 

3.45 

4.05 

4.90 

3.50 

6.15 

4.20 

2.40 

4.25 

3.20 

3.75 

4.40 

3.45 

4.66 

4.06 

4.35 

3.75 

4.66 

3.45 

6.10 

3.40 

4.40 

4.70 

10.23 

4.40 

6.06 

3.20 

4.30 

3.55 

4.30 

4.15 

14.67 

3.90 

6.05 

3.30 

3.90 

8.60 

5.85 

4.45 

9.55 

3.60 

3.95 

3.20 

3.60 

4.60 

7.20 

4.45 

5.80 

3.45 

3.20 

3.20 

3.00 

5.50 

6.00 

4.90 

4.66 

3.35 

3.15 

3.10 

3.70 

4.60 

6.20 

5.70 

4.35 

3.45 

3.00 

3.45 

3.40 

4.06 

4.80 

4.2'> 

4.35 

2.96 

2.96 

3.35 

3.50 

3.95 

9.65 

1.25 

4.15 

3.70 

3.15 

8.10 

3.70 

3.95 

7.70 

4.05 

4.55 

3.35 

3.85 

3.20 

3.30 

3.70 

6.06 

4.10 

4.75 

4.26 

3.45 

3.05 

3.40 

3.80 

5.80 

4.15 

4.00 

4.16 

3.05 

3.10 

3.40 

7.13 

4.96 

4.25 

4.67 

3.40 

3.16 

3.25 

3.40 

6.80 

4.70 

3.85 

6.20 

3.85 

3.15 

3.80 

12.60 

4.75 

4.30 

8.75 

4.35 

3.85 

3.90 

3.55 

7.60 

4.15 

4.25 

3.70 

3.75 

4.25 

3.65 

3.25 

4.40 

3.90 

5.20 

3.60 

4.15 

3.25 

4.20 

4.90 

Hiding  table  for  Broad  River  near  AMouy  S.  (\jfor  JifOJ. 


Gagre 
height. 

Discharge. 
Second'Jcet. 

Qage 
height. 

Feet. 

Di.sehttrge. 

Gage 
height. 

Feet. 

DL^'harge. 
Second-feet. 

Gage 
height. 

Feet. 

Dincliarge. 

f^ct. 

Second-feet. 

Second-feet. 

2.4 

2,010     ' 

4.4 

5,760  ; 

8.5 

18,000 

13.  5 

37,  875 

2.6 

2,340 

4.6 

6,320 

9.0 

19,500 

14.0 

40,500 

2.8 

2,670 

4.8 

6,900 

9.5 

21,000 

14.5 

43, 125 

3.0 

3,000 

5.0 

7,500 

10.0 

22,500 

15.0 

45,  750 

3.2 

3,340 

5,5 

9,000 

10.5 

24,  250 

16.  0 

52, 500 

3.4 

3,680 

6.0 

10, 500 

11.0 

26, 250 

17.0 

60, 750 

3.6 

4,020 

6.5 

12,000 

11.5 

28, 500 

18.0 

70,000 

3.8 

4,360 

7.0 

13,500 

12.0 

30, 750 

19.0 

79,  250 

4.0 

4,730 

7.5 

15,000 

12.5 

33,000 

20.0 

88,500 

4.2 

6,200 

8.0 

16,500 

13.0 

35,  250 

1 
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Fjnthnated  vvmthly  discharge  pf  Broad  River  near  Alston,  S.  C 

{Drainaxe  area,  <1,609  square  milen.] 


Month. 


1902. 

January  

February 

March 

April 

Mav 

June 

July.. 

August 

SeptemlHjr 

October 

November 

December 

The  year  . . . 


Discharge  in  fiecond-fect. 


Maximum. 


47,910 

99,323 

91,275 

15, 150 

9,600 

44,018 

5,760 

7,650 

23, 725 

33,450 

13,  890 

36,720 

99,323 


Minimum. 


5,760 
6,610 
8,550  j 
6,610  I 
4,020  I 
2,010 
2,835 
2, 917 
2,917 
3,000 
3,510 
4,965 

2,010 


Mean. 


Run-off. 


Second-   i 
feet  per 
square 
mile. 

1 


Depth  In 
inches. 


10, 424 

2.26 

21,190 

4.60 

20,322 

4.41 

1 

9,204 

2.00  1 

5,798 

1.26 

7,413 

1.61 

4,200 

.91  1 

4,067 

.88  1 

5,060 

1.10  I 

6,305 

1.37  1 

5, 275 

1.14  1 

11,737 

2.55  1 

1 

9,250 

2.01 

2.61 
4.79 
5.08 

o    *« 

1.45 
1.80 
1.05 
1.01 
1.23 
1.58 
1.27 
2.94 


27.04 


SALUDA    RIVER  NEAR   WATERLOO,  8.  C. 

Saluda  River  rises  in  the  mountains  between  North  and  South  Caro- 
lina, flows  in  a  southeasterly  direction,  and  unites,  near  Coluiuhia, 
S.  C,  with  the  Broad,  to  form  the  Congaree.  Measurements  have 
been  made  on  the  Saluda  to  determine  the  available  water  power. 
The  station  was  established  by  E.  W.  Myers  on  August  30,  1896.  It 
is  1  mile  below  the  mouth  of  Reed}^  River,  at  the  Charleston  and 
Western  Carolina  Railway  bridge,  about  3  miles  from  Coronaca  sta- 
tion, South  Carolina.  The  river  is  straight  for  several  hundred  3'ards 
above  and  below  the  bridge.  The  flow  is  probably  influenced  hy  dams 
some  miles  above.  The  bed  of  the  stream  is  of  sand  and  mud  and 
liable  to  change  during  high  water.  The  banks  are  low,  the  right 
bank  being  subject  to  overflow.  The  observer  is  R.  N.  Cunningham, 
storekeeper  and  farmer  at  Waterloo,  S.  C.  The  locality  is  reached  by 
private  conveyance  from  Greenwood,  S.  C.  The  discharge  measure- 
ments are  made  from  the  railraod  bridge. 

The  gage  was  changed  July  20,  1902,  so  that  the  readings  are  1.5 
feet  higher.  The  following  table  of  1902  gage  heights  gives  the 
heights  on  the  new  gage: 


NKWKI.I..] 


SANTEE   RIVER    DRAINAGE    BASIN. 
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The  following  discharge  measurements  were  made  during  1902  by 
J.  S.  Henderson  and  B.  S.  Drane: 

June  14:  Gage  height,  5.60  feet;  discharge,  745  second-feet. 
July  19:  Gage  height,  5.47  feet;  dischaige,  845  second-feet. 
August  9:  Gage  height,  5.32  feet;  discharge,  844  second-feet 
August  25:  Gage  height,  4.80  feet;  discharge,  487  second-feet. 

DaUy  gage  height,  in  feel,  of  Saluda  River  near  Waterloo,  S,  C. 


Day. 


Jan. 


19Q2 

1 

2 

3 

4 

5 

6 

i 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

81 


12.50 
9.70 
9.10 
8.80 
8.45 
7.85 
7.85 
7.30 
7.65 
7.35 
7.46 
7.80 
7.10 
6.95 
6.80 
6.75 
6.70 
6.65 
7.50 
6.25 
7.30 
7.40 
7.10 
6.60 
6.80 
7.40 
6.20 
6.95 
8.15 
7.80 

11.60 


Feb. 


18.85 
24.90 
19.60 
12.75 
9.65 
8.90 
8.60 
8.15 
7.95 
7.90 
7.50 
7.25 
7.25 
7.15 
7.20 
7.25 
7.30 
7.50 
7.40 
7.70 
8.90 
9.20 
9.00 
8.70 
9,30 
8.80 
8.20 
23.15 


Mar. 


21.10 

19.45 

18.10 

10.40 

9.70 

9.10 

8.85 

8.60 

8.95 

8.55 

8.10 

8.15 

9.40 

8.40 

8.16 

•  12.85 

14.00 

10.95 

9.20 

8.60 

8.45 

8,20 

8.80 

6.95 

8.00 

7.95 

7.65 

7.60 

11.60 

12.10 

10.10 


Apr. 

May. 

June. 

July. 

8.90 

6.90 

7.15 

5.75 

8.45 

6.80 

5.05 

6.75 

8.25 

6.90 

5.70 

5.60 

8.15 

8.10 

5.65 

5.30 

8.10 

5.  GO 

5.45 

5.65 

8.95 

6.40 

5.45 

6.85 

6.75 

6.30 

6.65 

5.45 

8.05 

6.35 

6.65 

5.50 

7.85 

6.25 

5.00 

6.85 

7.65 

7.15 

5.85 

5.80 

7.55 

7.75 

5.45 

6.05 

7.45 

6.10 

5.35 

6.15 

7.65 

7.00 

5.35 

8.00 

7.30 

6.60 

6.55 

5.50 

7.20 

6.40 

7.60 

5.70 

7.20 

6.40 

13.05 

7.90 

7.80 

6.85 

11.85 

6.25 

7.70 

7.20 

7.00 

5.50 

7.60 

6.15 

6.40 

6.00 

8.35 

7.50 

6.20 

6.80 

7.40 

6.90 

6.90 

6.00 

7.20 

6.05 

6.65 

6.07 

6.65 

5.95 

6.70 

6.30 

7  35 

6.90 

5.80 

5.40 

6.90 

7.-20 

5.95 

5.2'> 

6.60 

5.05 

5.80 

6.30 

6.75 

5.80 

7.35 

6.15 

5.75 

5.65 

7.25 

7.70 

6.50 

5.65 

6.45 

7.90 

6.60 

5.55 

5.65 

6.20 

6.10 

5.65 

Aug. 


6.65 
6.60 
6.75 
5.05 
6.40 
6.40 
6.25 
5.25 
5.30 
6.00 
4.60 
5.20 
5.30 
5.35 
6.25 
6.70 
6.75 
5.05 
5.25 
6.25 
5.30 
5.10 
6.05 
6.80 
4.80 
6.25 
5.40 
5.85 
5.70 
5.60 
6.25 


Sept. 


5.05 
5.40 
6.20 
6.45 
6.60 
6.40 
6.30 
5.35 
8.85 
12.20 
8.40 
6.25 
6.70 
5.60 
6.45 
6.50 
5.85 
6.30 
6.45 
7.05 
6.95 
6.85 
6.50 
6.55 
5.75 
7.00 
7.30 
8.15 
5.05 
6.70 


Oct. 


Nov. 


6.85 
5.90 
5.70 
6.60 
7.40 
7.75 
6.80 
6.65 
6.65 
5.75 
6.60 
6.70 
5.80 
6.10 
6.90 
5.95 
5.90 
6.55 
5.80 
6.85 
6.60 
6.70 
6.65 
5.&5 
6.40 
5.80 
8.20 
7.00 
6.95 
6.80 
5.95 


6.65 
5.60 
5.50 
6.50 
5.80 
6.35 
5.80 
6.80 
6.00 
6.05 
5.60 
6.60 
5.70 
5.70 
6.60 
5.85 
5.20 
6.00 
6.20 
6.60 
6.75 
6.65 
5.95 
5.60 
6.80 
7.40 
7.00 
6.00 
6.45 
8.56 


Dec. 


8.60 
7.65 
13.15 
12.10 
9.85 
8.76 
7.75 
7.35 
6.70 
6.60 
6.80 
6.90 
7.45 
7.20 
6.10 
6.36 
8.70 
9.30 
7.70 
7.15 
7.75 
9.65 
8.80 
7.65 
7.45 
7.20 
6.75 
6.40 
6.46 
6.75 
7.05 
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[so.  SI 


(}age 
height. 

Feet, 

4.4 

4.6 

4.8 

5.0 

5.2 

5.4 

5.6 

5.8 

6.0     ^ 

6.2 

6.4 

Ratituf  Uiblefftr  Saluda  River  near  Waterloo^  S.  C,  for  1902, 
Discharge. 


6.6 
6.8 
7.0 


7.2 


7.4 
7.6 

7.8 


Second-feet. 
320 
400 
485 
571 
657 
751 
850 
950 
050 
154 
260 
372 
486 
600 
720 
840 
970 
110 


li 


Diflchai^e. 


8.0 

8.2 

8.4 

8.6 

8.8 

9.0 

9.2 

9.4 

9.6 

9.8 

10.0 

10.2 

10.4 

10.6 

10.8 

11.0 

11.2 

11.4 


Second-feel. 
2,250 
2,400 
2,550 
2,7a5 
2,865 
3, 025 
3, 195 

3,  365 
3, 535 
3,7a5 
3, 875 
4,045 
4,215 
4,385 
4, 555 

4,  725 
4, 895 
5,065 


Oaffe 
height. 

FeeL 
11.6 
11.8 
12.0 
12.2 
12.4 
12.6 
12.8 
13.0 
13.2 
13.4 
13.6 
13.8 
14.0 
14.5 
15.0 
15.5 
16.0 
16.5 


Diachaige. 


Seeond-feeL 
5,245 
5,435 
5,625 
5, 815 
6,005 
6,200 
6,400 
6,600 
6,800 
7,000 
7,200 
7,400 
7,600 
8,100 
8,600 
9,100 
9,600 

.  10, 100 


Gage 
height. 

Feri. 
17.0 
17.5 
18.0 
18.5 
19.0 
19.5 
20.0 
20.5 
21.0 
21.5 
22.0 
22.5 
23.0 
23.5 
24.0 
24.5 
25.0 


I^iachafge. 


.Scruf»d-/rf/. 
10,600 
11,100 

ii.eoo 

12,100 

12,600 

13,100 

13,600 

14,100 

14,600 

15,  100 

15,600 

16,100 

16,600 

17,100 

17,600 

18,100. 

18,600 


I 


Estimated  mcmihly  discharge  of  Saluda  River  near  Waterloo^  S. 

[Drainage  area,  1.056  »qnarc  miles.] 


C. 


Month. 


1902. 

January  

February 

March . 

April 

Mav 

if 

June 

July 

August 

September 

October 

November , 

December 

The  year  . . . 


Di.sohargc  in  second-feet. 


Maximnm.     Minimum. 


RHn-oiT. 


6,100 
18,500 
14,700 
2,945 
2,325 
6, 650 
2,250 
1,486 
5, 815 
2,400 
2,665 
6,750 

18,500 


1,154 

1,690 

1, 571 

925 

592 

571 

571 

360 

592 

a50 

657 

1,102 


360 


Mean. 

Second- 
feet  per 
square 
mile. 

2,148 

1 

I 

2.03 

4,352 

4.12 

4,098 

3.88 

1,919 

1.82 

i,a^3 

1.26 

1,485 

1.41 

1,099 

1.04 

905 

.86 

1,400 

1.33 

1,269 

1.20 

1,173 

1.11 

2,268 

2.15 

1,954 

1.85 

I>epth  in 
inches. 


2.34 
4.29 
4.47 
2.03 
1.4,5 
1.57 
1.20 
•  «I9 
1.4« 
1.38 
1.24 
2.48 


24.92 
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SAVANNAH  RIVER  DRAINAGE  BASIN. 

Savannah  River  is  formed  by  Tugaloo  and  Seneca  rivers,  which 
unite  about  100  miles  above  Augusta.  It  flows  in  a  southerly  direc- 
tion, forming  a  portion  of  the  boundary  between  South  Carolina  and 
Georgia,  and  empties  into  the  Atlantic  Ocean  at  Savannah,  Ga. 

The  Tugaloo  River  is  formed  by  Tallulah  and  Chatooga  rivers, 
which  unite  near  Tallulah  Falls,  in  the  northeastern  part  of  Georgia. 
It  also  forms  a  portion  of  the  boundary  between  South  Carolina  and 
Georgia.  Broad  River  is  formed  by  the  junction  of  the  North  and 
Middle  forks,  in  noi*theastern  Georgia.  After  uniting  with  South 
Fork  near  Carlton,  Ga.,  it  flows  east  into  Savannah  River. 

The  United  States  Geological  Survey  during  1902  maintained  the 
following  stations  in  this  basin,  under  the  direction  of  B.  M.  Hall: 
On  the  Savannah,  at  Augusta  and  Calhoun  Falls;  on  the  Broad  (of 
Georgia),  at  Carlton. 

SAVANNAH   RIVER   AT   AUGUSTA,  GA. 

Obsei'vations  of  river  height  have  been  maintained  since  1875  by  the 
city  of  Augusta  at  the  city  highway  bridge.  The  results  have  been 
printed  in  a  volume  entitled  Stages  of  Water  at  River  Stations,  pre- 
pared by  the  United  States  Weather  Bureau.  Those  for  1875  to  1889 
arc  given  in  part  3,  those  for  1890  to  1892  in  part  4,  and  those  for 
1893  to  1895  in  pai*t  5  of  this  publication.  The  gage  consists  of  a 
vertical  timber  fastened  to  the  pier  and  graduated  to  feet  and  inches. 
Readings  are  made  four  times  a  day  by  J.  M.  Youngblood,  keeper  of 
the  city  bridge,  usually  at  6  a.  m.,  12  m.,  6  p.  m.,  and  9  p.  m.  The 
6  a.  ni.  readings  are  those  used  by  the  Weather  Bureau,  but  in  the 
publications  of  the  United  States  Geological  Survey  from  1900  to 
the  present,  inclusive,  the  avei'age  of  all  four  of  the  daily  readings  is 
used  and  is  reduced  to  feet  and  tenths  of  feet. 

Discharge  measurements  are  made  at  North  Augusta  highway 
bridge,  which  is  a  through  iron  bridge  in  three  spans,  206^  feet,  209 
feet,  and  206i  feet  in  length,  respectively,  not  including  approaches 
from  street  to  each  end.  There  are  two  piers  in  the  water  and  one  on 
each  bank.  The  stream  at  gage  height  6.67  is  572  feet  wide,  including 
the  two  piers.  It  has  a  maximum  depth  of  10  feet  and  an  average 
depth  of  6.5  feet,  the  mean  velocity  being  1.24  feet  per  second.  The 
initial  point  is  the  center  of  the  first  sidewalk  floor  beam  at  the  right 
bank  on  the  downstream  side  of  the  bridge. 

Bench  mark  No.  1  is  the  top  of  the  second  iron  floor  beam  from  the 
right  bank,  downstream  side;  it  corresponds  to  a  gage  height  of  48.60 
feet.  Bench  mark  Np.  2  is  tiie  top  of  the  plank  guard  rail  at  the  same 
point;  it  corresponds  to  a  gage  Jieight  of  50.97  feet. 


I 
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STREAM   MEASUREMENTS   IN   1902,  PART   II. 


[no. 


The  channel  is  straight  and  without  obstructions.  The  banks  are 
moderately  high,  but  are  liable  to  overflow  at  highest  floods.  The 
bed  is  fairly  constant.     The  observer  is  paid  b}'  the  city  of  Au^fusta. 

The  following  discharge  measurements  were  made  during  1902: 

June  20:  Gage  height,  8.85  feet;  discharge,  7,497  second-feet. 
July  25:  Gage  height,  7.85  feet;  discharge,  5,246  second-feet. 
September  5:  Gage  height,  7.90  feet;  discharge,  5,239  second-feet. 

Ikiily  (jage  height,  in  feet,  of  Savannah  River  at  Augiuta,  Ga.,foT  1909. 


Day. 

1 

Jan. 

1 

Feb. 

Mar. 

33.80 
33.30 
28.60 
21.50 
17.40 
15. 10 
.13.90 
13.20 
12.70 
13.10 
12.50 
12  ;«) 

Apr.  1 

1 

-  -     1 

18.60 
14.53 
13.10 
12.80 
12.50 
12.00 
12.00 
13.40 
13.60 
12.30 
11.60 
11.10 
10.60 
11.10 
10.60 
10.80 
11.20 
13.10 
13.40 
12.70 
12. 10 
11.10 
10.70 
10.50 
10/20 
10,20 
1  10.00 
10.10 
9.80 
9.90 



May. 

9.80 
10.60 
10.80 
10.20 
9.90 
9.80 
9.70 
9.40 
9.60 
10.10 
10.60 
9.60 
9.10 
9.10 
9.70 
9.40 
9.30 
9.20 
9.20 
9.20 
9.20 
9.40 
9.50 
9.20 
8.90 
8.80 
8.60 
8.50 
8.40 
8.30 
8.20 

June. 

July. 

Aug. 

Sept. 

0<'t. 

8.70 
9.90 
9.20 
8.50 
9.20 
10.90 
10.30 
8.70 
8.30 
8.10 
8.00 
8.00 
8.80 
9.40 
8.90 
9.20 
8.40 
8.00 
7.30 
7.50 
7.90 
7.40 
7.20 
7.20 
7. -20 
7.00 
7.40 
8.90 
8.90 
8.20 
7.80 

Nov. 

t 

'  Dec. 

1 

23.90 

16.60 

13.60 

12.40 

11.50 

11.00 

10.50 

10.50 

10.40 

10.20 

9.90 

9.80 

9.60 

9.40 

9.30 

9.40 

9.20 

9.20 

9.20 

9.20 

9.50 

10.20 

10.20 

9.70 

9.50 

9.30 

9.30 

9.20 

9.90 

11.60 

11.40 

19.30 
29.50 
32.40 
28.50 
21.10 
15.60 
13.20 
12.20 
11.60 
11.00 
10.70 
10.40 

8.30 
8.50 
8.90 
8.50 
8.40 
8.30 
8.30 
8.60 
8.80 
8.60 
8.10 
8.10 
8.10 
8.10 
8.40 
13.00 
15.00 
11.40 
10.40 
9.40 
9.30 
8.90 
8.60 
8.50 
8.40 
8.30 
7.90 
7.80 
7.50 
7.60 

7.30 
7.20 
7.10 
7.00 
6.90 
6.80 
6.90 
7.00 
7.40 
8.00 
8.00 
8.30 
9.60 
9.40 
8.70 
10.00 
9. -20 
8.70 
7.60 
7.10 
6.90 
6.90 
6.90 
7.00 
7.50 
7.60 
7.60 
7.00 
7.00 
7.80 
8.00 

1 

7.80 
8.10 
9:00 
8.50 
7.80 
7.70 
7.70 
7.60 
7.20 
7.10 
7.40 
8.60 
8.80 
8.00 
9.50 
10.40 
9.40 
9.20 
8.30 
8.90 
8.10 
7.30 
7.40 
7.40 
7.30 
7.40 
7.40 
7.40 
8.70 
8.40 
7.50 

7.70 
7.40 
7.30 
7.20 
7.80 
7.70 
7.10 
7.10 
7.10 
12.30 
13.10 
9.90 
8.30 
7.70 
8.90 
8.00 
7.70 
7.40 
7.40 
8.00 
9. -20 
8.40 
8.10 
7.80 
7.90 
13.60 
13.80 
12.80 
10.90 
9.30 

1 

7.50 
7,20 
7.10 
7.30 
7.10 
7.40 
7.50 

9.ao 

8.30 
8.00 
7.50 
7.40 
7.50 
7.40 
7.30 
7.20 
7.40 
8.00 
8.70 
8.80 
8.00 
7.90 
7.40 
7.50 
7.70 
10.10 
12.40 
10.80 
9.10 
8.40 

1    11.80 

o 

>    13.20 

3 

1    17.40 

4 

1    21. 10 

6 

17.40 

6 

1    14.30 

7 

11.80 

8 

10.50 

9 

9.50 

10 

9.10 

11 

9.U0 

12 

8  90 

13 

10.20  ]  12.30 
10.20  1  13.70 
10.30  1  13.50 
10.70     18.50 
11,40     27.90 

10  70 

14 

10  GO 

15          

9  70 

IG 

8  90 

17 

9  20 

18 

11.10 
10.90 
10.60 
11.80 
14.50 

25.60 
19.50 
16.00 
13.80 
13.10 

14  00 

19 

11  50 

20 

10.20 

21 

9  40 

22 

1*2: 20 

23 

13.70  1  12.50 
12.60     12.40 
16.70  1  11.90 

14  60 

24 

12  20 

25 

10  40 

26 

18.10 
16.20 
25.50 

12.00 
11.60 
11.90 

9  90 

27 

9  40 

28 

8  90 

29 

'  19.60 

8  GO 

30 

28.20 
24.60 

8  90 

31 

9  70 

lO.] 
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Rating  table  for  Savannah  River  at  Auyitjita,  Gn.^  for  J 902. 


Gafe 
height. 

6.8 
7.0 

7.2 
7.4 

7.6 

7.8 

8.0 

8.2 

8.4 

8.6 

8,8 

9.0 

9.2 

9.4 

9.6 

9.8 

10.0 

10.2 

10.4 

10.6 


Diflchar^e. 


Secondjefi. 
3,400 
3,740 
4,100 
4,460 
4,840 
5,220 
5,600 
6,000 
6,400 
6,800 
7,200 
7,600 
8,000 
8,400 
8,800 
9,200 
9,600 
10,000 
10,400 
10,800 


QtLge 
height. 


Feet. 
10.8 
11.0 
11.2 
11.4 
11.6 
11.8 
12.0 
12.2 
12.4 
12.0 
12.8 
13.0 
13.2 
13.4 
13.6 
13.8 
14.0 
14.2 
14.4 
14.6 


Difichaixe. 

Second-Jeet. 
11,200 


11 
12 
12 
12 
13 
13 
14 
14 
14 
15 
15 
16 
16 
17 
17 
17 
18 
18 
19 


600 
020 
440 
860 
280 
700 
120 
540 
960 
380 
800 
220 
640 
060 
480 
900 
340 
780 
220 


Gage 
height. 


Feet. 
14.8 
15.0 
15.2 
15.4 
15.6 
15.8 
16.0 
16.5 
17.0 

18.0 

18.  5 
19.0 

19.  5 
20.0 
20.5 
21.0 
21.5 
22.6 
22.5 


DiHcharKe. 

Sccond-frei. 
19,660 
20,100 
20,560 
21,020 
21,480 
21,940 
22,400 
23,600 
24,800 
26, 050 
27,300 
28,700 
30, 100 
31, 700 

33,  :^oo 

;i5,100 
:i6,900 
38,  a'K) 
41,000 
43,400 


Ciage 
hilght. 


Fi'ti. 
23.0 
23.  5 
24.0 
24.5 
25.0 
25. 5 
2i\.  0 
26. 5 
27.0 
27. 5 
28.0 
28.  5 
2J).  0 
29.5 

mo 
:w.  5 

31.0 
31.5 
32.  0 
33. 0 


Iiiwharge. 

S(Tond-fr(i. 

45,  800 

48,900 

52,000 

56,000 

60,000 

64,400 

(J8,800 

73, 200 

77,600 

82, 000 

86,400 

IK),  800 

95, 200 

99,600 

104,000 

108,400 

112,800 

117,200 

121,600 

i:i0,400 


Etdinialed  monthly  dhtcJiarge  of  Soi^nmih  River  aJ  Aiujui^tn,  Ga. 

[Drainage  area,  7,294  square  miles.] 


Month. 


1902. 
January  

February 

March 

April 

May - 

Jane 

Julv 

August 

September 

October 

November 

December 

The  year  . . . 


DiKcharge  in  seeond-feet. 


Run-off. 


Maximum. 


Minimum.  [       Mean. 


Second- 
feet  per 
Hquare 
mile. 


51,380 

8,000 

11,689 

125,120 

10,000 

27, 595 

137, 440 

12,860 

36, 025 

28,980 

9,200 

13,466 

11,200 

6,000 

8, 394 

20,100 

4,650 

7, 489 

9,600 

3,400 

5, 059 

10,400 

3, 920 

5, 843 

17, 480 

3, 920 

7,458 

11,400 

3,740 

6,423 

14,540 

3,920 

5,851 

37, 310 

6,800 

12,700 

Deptli  in 
inehes. 


1.60 

3.78 

4.94 

1.85 

1.15 

1.03 

.69 

.80 

1.02 

.88 

.80 

1.74 


1.84 

3. 94 

5.69 

2.06 

1.3:^ 

1.15 

.80 

.92 

1.14 

1.01 

.89 

2.01 


137,440 


3,400  !       12,333         1.69  I       22.78 
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SAVANNAH    RIVER    NEAR   CALHOUN    FALI^,  8.  C. 

Savannah  River  is  formed  by  the  junction  of  Seneca  and  Tu^ralo 
rivers  about  100  miles  above  Augusta,  Ga.  The  tributaries  have  their 
sources  in  the  Blue  Ridge  Mountains  in  North  and  South  Carolina  and 
Georgia,  where  more  than  one-fifth  of  the  territory  is  in  original  oak 
forest.  A  large  number  of  fine  water  powers  occur  on  the  tributaries 
and  along  the  main  river,  the  most  noted  being  at  Tallulah  Falls,  on 
Tallulah  River,  335  feet  in  height,  with  a  total  fall  of  525  feet  in  a 
distance  of  2f  miles.  In  order  to  determine  the  value  of  these  water 
powers,  systematic  measurements  were  begun  at  Calhoun  Falls,  S.  C. , 
on  August  4,  1890. 

This  station  is  at  the  Seaboard  Air  Line  Railway'  bridge  across 
Savannah  River,  above  the  mouth  of  Beaverdam  Creek  and  below 
Rocky  River,  and  about  3  miles  west  of  the  town  of  Calhoun  Falls, 
S.  C.  The  river  is  here  divided  into  two  channels  by  a  large  island, 
containing  several  hundred  acres.  The  east  channel  is  a  good  section 
at  ordinary  stages,  but  at  lowest  water  the  current  is  very  sluggish. 
The  west  channel,  which  is  the  main  river,  is  obstructed  by  some  very 
small  islands  and  old  cofferdams  about  the  two  piers;  othei-wise  the 
section  is  fairly  good.     Poter  Pfoiffer,  a  farmer,  is  the  observer. 

The  chain  gage  is  on  the  west  channel,  center  span.  The  rod  is 
nailed  to  the  guard  rail  on  the  east  side  of  the  pulley,  on  the  down- 
stream side  of  the  bridge.  The  center  of  the  2i-inch  pulley  is  193 
feet  from  the  initial  point  and  is  at  a  gage  height  of  55.26  feet. 
'  The  zero  point  on  the  rod  is  10  feet  from  the  center  of  the  pulley.  The 
chain,  from  the  bottom  of  the  weight  to  the  index,  is  65.40  feet.  One 
bench  mark  on  the  top  of  the  iron  stringer  under  the  cross-ties  near 
the  gage  is  54.0  feet  above  the  datum  of  the  gage.  The  other  is  on  the 
top  of  the  east  end  pier  of  the  east  channel,  and  is  29.87  feet  above 
the  zero  of  the  gage. 

This  station  is  situated  at  the  head  of  Trotters  Shoal,  the  largest 
shoal  on  the  main  river.  The  observer  is  paid  by  the  United  States 
Weather  Bureau. 

The  following  discharge  measurements  were  made  during  1902: 

July  19:  Gage  height,  2.50  feet;  discharge,  2,517  second-feet. 
Octoljer  1:  Gage  height,  3.45  feet;  discharge,  6,844  second-feet 
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Doily  gage  height,  infeet^  of  Savannah  River  near  Calhoun  FaJU,  S.  C. 


Day. 


1... 
2... 
3... 
4... 

5.. 
6   . 

7 

8.., 

9.. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24- 

25. 

26. 

27. 

28. 

29. 

3D. 

31. 


1902. 


Jan. 


7.00 
5.00 
3.90 
.3.80 
3.70 
3.70 
3.60 
3.  GO 
3.50 
3.50 
3.40 
3.40 
3.30 
3.80 
8.20 
3.20 
3.10 
3.10 
3.20 
3.20 
3.20 
3.30 
3.30 
3.20 
3.10 
3.00 
3.00 
3.20 
3.50 
4.00 
4.10 


Feb. 


8.00 
16.80 
12.00 
7.60 
5.00 
4.50 
4.20 
4.00 
3.90 
3.90 
3.80 
3.80 
3.70 
3.70 
3.70 
3.80 
3.80 
3.80 
3.90 
3.90 
4.00 
3.90 
3.80 
3.80 
3.90 
3.80 
3.80 
16.40 


Mar. 


16.00 
9.00 
6.00 
4.60 
4.20 
4.10 
4.00 
3.90 
3.90 
3.80 
8.80 
3.70 
4.00 
3.90 
3.90 
4.90 
8.90 
6.00 
4.50 
4.20 
4.00 
3.90 
3.80 
3.80 
8.80 
3.70 
3.70 
4.20 
9.30 
7.00 
5.50 


May.  June.  I  July. 


4.00 
3.90 
3.80 
3.80 
3.70 
8.70 
3.60 
8.60 
3.50 
3.50 
3.40 
3.40 
3.30 
3.20 
3.10 
3.00 
3.00 
3.20 
3.10 
3.00 
3.00 
2.90 
2.80 
2.70 
2.60 
2.50 
2.40 
2.30 
2.20 
2.20 


2.10 
2.70 
2.40 
2.20 
2.20 
2.10 
2.80 
2.30 
2.20 
8.00 
2.80 
2.70 
2.50 
2.40 
2.30 
2.20 
2.20 
2.00 
2.00 
2.00 
2.10 
2.20 
2.00 
2.00 
2.00 
2.00 
1.90 
1.90 
1.90 
1.80 
1.80 


Aug.  I  Sept.  I  Oct. 


1.80 
1.70 
1.70 
1.70 
1.70 
1.60 
1.60 
1.60 
1.50 
1.50 
1.40 
1.40 
1.40 
1.40 
1.50 
5.00 
4.00 
3.80 
8.00 
2.80 
2.80 
2.50 
2.40 
2.40 
2.30 
2.20 
2.20 
2.10 
2.00 
2.00 


2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
2.00 
2.00 
2.40 
2.40 
2.70 
3.00 
3.00 
3.40 
3.70 
4.00 
3.90 
3.80 
3.70 
2.60 
2.  GO 
2.60 
2.50 
2.50 
2.40 
2.40 
2.30 
8.00 
3.00 
3.20 
3.40 


3.00 
3.60 
3.70 
3.00 
2.80 
2.60 
2.30 
2.20 
2.10 
2.00 
2.00 
2.00 
2.30 
3.00 
2.50 
2.40 
2.70 
2.60 
2.50 
2.30 
2.20 
2.10 
2.00 
2.40 
2.10 
2.03 
2.20 
3.00 
3.10 
2.80 
2.60 


2.50 
2.40 
2.40 
2.50 
2.50 
2.50 
2.40 
2.30 
3.20 
6.00 
4.90 
4.00 
3.90 
3.80 
3.50 
3.30 
3.10 
2.90 
3.70 
3.20 
3.00 
3.00 
3.00 
2.90 
4.00 
4.90 
4.00 
3.90 
3.50 
3.20 


8.50 
8.20 
3.00 
2.90 
3.20 
3.40 
3.20 
3.00 
2.90 
2.80 
2.80 
2.70 
2.  GO 
3.00 
2.90 
2.80 
2.70 
2.50 
2.30 
2.30 
2.30 
2.20 
2.20 
2.10 
2.10 
2.00 
4.00 
8.90 
8.70 
3.40 
3.30 


Nov. 

X^CC. 

3.10 

3.10 

3.00 

3.00 

2.80 

6.90 

2.70 

6.70 

2.70 

1.50 

2.60 

4.20 

2.70 

4.00 

2.90 

8.80 

2.60 

3.80 

2.40 

3.70 

2.20 

3.50 

2.10 

3.40 

2.00 

3.90 

1.90 

3.70 

1.90 

3.60 

1.80 

3.50 

1.80 

3.60 

l.SO 

4.90 

1.70 

4.00 

1.70 

8.80 

1.70 

3.70 

1.60 

8.90 

1.70 

8.80 

1.70 

8.60 

1.90 

8.50 

3.90 

3.50 

3.00 

3.40 

2.90 

3.40 

2.70 

3.50 

2.90 

3.90 

3.70 

Rating  table  for  Savannah  Hirer  near  Calhoun  Falhj  S.  C-t  for  190 J. 


Qsge 
height. 

Feci. 
1.4 
1.6 
1.8 
2.0 
2.2 
2,4 
2.6 
2.8 
3.0 
3.2 


DiHchaiKe. 


Second-feet. 
1,175 
1,350 
1,545 
1,760 
1,990 
2,280 
2,690 
3, 150 
3,900 
4,770 


Gage 
height. 

Dii%harge. 
Second-feft. 

Gage 
height. 

Frt. 

Di.Hcharge. 

Gage 
height. 

Feet. 

Fret. 

Second-feet. 

3.4 

5,640 

5.4 

14,340 

9.5 

3.6 

6, 510 

5.6 

15,210 

10.0 

3.8 

7,380 

5.8 

16,080 

11.0 

4.0 

8,250 

6.0 

16, 950 

12.0 

4.2 

9,120 

6.5 

19, 125 

13.0 

4.4 

9,990 

7.0 

21,300 

14.0 

4.6 

10,860 

7.5 

23, 475 

15.0 

4.8 

11,735 

8.0 

25,650 

16.0 

5.0 

12,600 

8.5 

27, 825 

17.0 

5.2 

13,470 

9.0 

30,000 

18.0 

Dlschai^e, 


Second-feet. 

32, 175 

34,  .350 

38,700 

43, 050 

47,400 

51,750 

56, 100 

60  450 

64,800 

69. 150 

92 


STREAM   MEASUREMENTS   IN   1902,   PART   II. 


[no.  SS. 


J'JiUimnied  morUldij  di^eharge  of  Samnnah  River  near  Odhoun  Falls,  S.  O. 

[Drainago  area,  2,712  nquare  milect.] 


Month. 


1902. 


January  . . 
February  . 

March 

April 

May 

June 

July 

August  ... 
September 
October  .. 
November 
December 


Dischai^e  in  second-feet 


Maxfinnrn. 


The  year 


21,300 

62,190 

ri0,450 

8,250 

8,900 

12,600 

8, 250 

6, 945 

16,950 

8,250 

7,815 

20,865 

62,  UK) 


Minimum. 


Mean. 


8,900 
6,945  , 
6,945  ' 
1,990  ; 
1,545  j 
1,175  j 
1,650  I 
1,760 
2,120 
1,760 
1,350 
3,900 

1,175 


6, 370 
14,  247 
13,302 
4,776 
2,070 
2,488 
8, 541 
2,790 
5,651 
3,818 
2, 556 
7,899 

5,  792 


Run-off. 


Second- 
feet  per 
square 
mile. 


Oepth  in 
inches. 


2.a5 

5.25 

4.90 

1.76 

.76 

.92 

1.31 

1.03 

2.08 

1.41 

.94 

2.91 

2.12 


2.71 
5.47 
5.65 
1.96 
.88 
1.03 
1.51 
1.19 
2.32 
1.63 
1.05 


28.75 


BROAD   RIVER  (OF   GEORGIA)  NEAR  CARLTON,  GA. 

Broad  River  rises  in  the  northeastern  part  of  Georgia  and  flows  in 
a  southeasterly  direction,  passing  between  Elbert  and  Wilkes  counties, 
and  emptying  into  Savannah  River  8  miles  below  Calhoun  Falls  station. 
The  drainage  area  is  a  rolling  country  largely  covered  with  timber. 
Measurements  were  begun  on  Broad  River  at  Carlton  on  May  27,  1897, 
this  station  being  established  by  Max  Hall.  It  is  located  on  the  bridge 
of  the  Seaboard  Air  Line  Railway,  3  miles  east  of  Carlton,  Ga.,  and 
2  miles  above  the  mouth  of  South  Fork.  The  iron  bridge  is  250  feet 
long  and  is  approached  at  each  side  by  wooden  trestles.  The  initial 
point  of  sounding  is  the  end  of  the  iron  bridge  at  the  right  bank, 
upstream.  The  length  of  the  wire  gage  is  56.35  feet.  The  bench  mark 
is  the  top  of  the  upstream  iron  girder  under  the  cross-ties  at  30  feet 
from  the  initial  point,  and  is  51  feet  above  datum.  The  zero  of  gage 
is  384.5  feet  above  sea  level.  The  channel  is  straight  and  the  flow 
uninterrupted  except  by  one  pier  in  the  middle  of  the  river.  The  banks 
are  rather  low  and  subject  to  overflow  at  high  water.  The  bed  is 
fairly  constant.  The  observer,  S.  P.  Power,  jr.,  a  farmer  at  Carlton, 
Ga.,  is  paid  by  the  United  States  Weather  Bureau. 
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Xhe  following  discharge  measurements  were  made  during  1902: 

July  18:  Gage  height,  2.40  feet;  diechaiige,  638  second-feet. 
September  30:  Gage  height,  2.83  feet;  discharge,  960  second-feet. 

Daiiy  gwje  height  j  in  feet  ^  of  Broad  River  (of  Georgia). near  CarUoUy  Ga. 


2. 

3. 
4. 
5. 


9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
21. 
25. 
26. 
27. 
28. 
29. 
30. 
81. 


Day. 


1902. 


Jan. 


4.70 
-1.00 
3.70 
3.50 
3.40 
3.30 
3.20 
3.10 
3.10 
3.00 
3.00 
2.90 
2.90 
2.90 
2.90 
2.90 
2.80 
2.80 
2.90 
3.00 
3.00 
8.10 
2.90 
2.80 
2.  SO 
2.80 
2.80 
3.00 
4.40 
3.90 
4.10 


Fib. 


7.60 
23.20 
17.10 
6.30 
5.70 
•1.10 
3.80 
3.50 
3.40 
3.40 
3.80 
3.80 
3.30 
3.20 
3.30 
8.50 
3.60 
3.50 
3.40 
3.50 
3.60 
4.00 
3.60 
3.50 
4.40 
4.60 
3.90 
24.50 


Mar.     Apr.  JMny 


23.20 
9.50 
5.80 
4.80 
4.40 
4.20 
3.90 
3.80 
4.00 
3.90 
3.80 
3.70 
4.60 
4.30 
4.40 
5.10 
8.50 
6.00 
4.20 
3.90 
3.70 
3.70 
3.60 
3.60 
3.50 
3.53  ■ 
3.50 
3.90  I 
15.00  ' 
12.00 
6.50 


4.30 
4.00 
3.80 
3.80 
3.70 
3.70 
3.70 
8.60 
3.60 
3.40 
3.40 
3.30 
8.30 
3.30 
3.30 
3.80 
4.00 
4.60 
3.60 
3.60 
3.50 
3.40 
3.30 
3.30 
3.30 
3.20 
3.20 
8.10 
3.10 
3.20 


3.30 
3.40 
3.30 
3.30 
3.20 
3.70 
3.30 
3.20 
3.20 
3.10 
3.10 
3.10 
3.00 
3.40 
3.10 
3.00 
3.00 
3.00 
3.00 
3.00 
3.10 
3.00 
3.00 
2.90 
2.90 
2.80 
2.80 
2.70 
2.70 
2.60 
2.60 


June.' July.   Auk. 


Sept. 


2.90 
2.8J 
2.70 
2.70 
2.60 
2.60 
2.60 
2.80 
2.60 
2.50 
2.50 
2.50 
2.50 
2..'i0 
2.70 
3.30 
2.80 
2.60 
2.60 
3.00 
2.70 
2.60 
2.50 
2.40 
2.40 
2.40 
2.40 
2.40 
2.30 
2.30 


2.20 
2.20 
2.30 
2.80 
2.60 
i  2.30 
2.20 
i  2.40 
2.80 
I  2.40 
'  2.40 
j  2.70 
2.60 
2.40 
4.80 
3.40 
2.60 
2.40 
2.30 
2.30 
2,30 
2.30 
2.20 
2.20 
2. 3  J 
2.30 
2.20 
3.10 
3.30 
2.30 
2.30 


2.30 
2.20 
3.10 
3.00 
2.70 
2.50 
2.80 
2.20 
2.10 
2.10 
2.10 
2.60 
2.30 
5.00 
4.80 
3.00 
3.50 
3.00 
2.40 
2.90 
2.90 
2.30 
2.50 
2.40 
2.30 
2.30 
2.20 
2.40 
3.60 
3.10 
2.50 


2.30 
2.20 
2.20 
2.20 
2.20 
2.20 
2.10 
2.10 
3.30 
4.70 
3.60 
2.60 
2.80 
2.80 
2.60 
2.50 
2.30 
2.30 
2.80 
2.40 
2.50 
2.30 
2.20 
2.20 
5.90 
8.20 
4.60 
3.40 
3.60 
3.30 


Oct. 


3.90 
3.60 
2.70 
2.60 
3.60 
3.00 
2.60 
2.40 
2.40 
2.30 
2.50 
8.50 
2.90 
2.70 
2.80 
2.50 
2.50 
2.40 
2.30 
2.30 
2.30 
2.  SO 
2.30 
2.30 
2.20 
2.20 
2.30 
2.50 
2.30 
2.30 
2.30 


Nov. 


2.30 
2.20 
2.20 
2.10 
2.20 
2.50 
2.50 
2.30 
2.80 
2.30 
2.30 
2.30 
2.20 
2.20 
2.20 
2.20 
2.20 
2.90 
2.90 
2.50 
2.40 
2.40 
2.40 
2.30 
2.30 
4.60 
4.00 
3.90 
3.  CO 
2.60 


Dec. 


4.80 
8.60 
6.60 
6.40 
4.60 
4.00 
3.80 
8.00 
2.90 
2.70 
2.  TO 
2.60 
2.80 
2.80 
2.80 
2.90 
4.80 
8.60 
3.10 
2.90 
2.80 
3.80 
3.40 
3.10 
3.00 
2.80 
2.80 
2.60 
2.60 
3.30 
3.30 
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[NO.  83. 


Rating  table  for  Broad  River  (of  Georgia)  netir  Carlton,  Ga.,for  190S, 


Gage 
height. 

1 

Ftei. 

2.2 

2.4 

2.6 

2.8 

3.0 

3.2 

3.4 

3.6 

3.8 

4.0 

4.2 

4.4 

Discharge. 


Seamd-fed. 

490 

640 

790 

960 

1,110 

1,280 

1,450 

.1,620 

1,800 

1,980 

2,165 

2,355 


Gage 
height. 

4.6 
4.8 
0.0 
5.2 
5.4 
5.6 
5.8 
6.0 
6.2 
6.4 

6.8 


Discharge. 

Serond-feet. 
2, 550 
2,750 
2,950 
3,160 
3, 390 
3,640 
3,900 
4,160 
4,420 
4,690 
4,960 

5,  2m 


'l     Gage 
1 1    height. 


I 


!l 


Feet. 
7.0 


7  *> 


7.4 

7.6 

7.8 

8.0 

8.5 

9.0 

9.  5 

10.0 

10.  5 

11.0 


Discharge. 

Second-/^. 
5, 550 
5,  770 
6,040 
6,310 
6,580 
6,850 
7, 525 
8,200 
8,  875 
9, 550 
10, 225 
10,900 


Gage 
height. 


DiBchaig^e. 


11.5 
12.0 
12.5 
13.0 
13.5 
14.0 
14.5 
15,0 
15. 5 
16.0 
17.0 


Sccxjndrfeei, 
11,575 
12,250 
12,  925 
13,600 

14,  275 
14,950 

15,  625 
16,300 
16, 975 
17,650 
19,000 


Estimated  monthly  discfmrge  of  Broad  River  {of  Georgia)  near  Carlton,  Ga. 

[Drainage  area,  76*2  square  iiiiles.] 


Month. 


January , 

February  

March , 

April 

May , 

June 

July 

August 

September 

October 

November 

December 

The  vear 


Discharge  in  second-feet. 

Run-off. 

Maximum. 

Minimum. 
950 

Mean. 

Second- 
feet  per 
square 
mile. 

Depth  in 
inches. 

2,650 

i,;^04 

1.71 

1.97 

29, 125 

1,280 

4,514 

5.92 

6.16 

27,  370 

1 ,  blVy 

4,225 

5.54 

6.39 

2,  550 

1,195 

1,579 

2.07 

2.31 

1,710 

790 

1,163 

1.53 

1.76 

1,365 

5a5 

800 

i;a5 

1.17 

2,750 

490 

764 

1.00 

1.15 

2, 950 

420 

919 

1.21 

1.39 

7,120 

420 

1,227 

1.61 

1.80 

1,890 

490 

837 

1.10 

1.27 

2, 550 

420 

777 

1.02 

1.14 

4,960 

790 

1,479 

1.94 

2.24 

29,125 

420 

1,632 

• 

2.14 

28.75 
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MISCfiLLANEOUS  MEASUREMENTS   IN  SAVANNAH   RIVER  DRAINAGE  BASIN. 

The  following  miscellaneous  measurements  were  made  in  the  Savan- 
nah drainage  basin  during  1902  by  B.  M.  Hall  and  his  assistants: 

Mucellaneous  discharge  menauremenis  in  Savannah  drainage  bamn. 


Date. 


Stream. 


Locality. 


Dischai^e. 


July     18 


Rocky  River Swearingen  Mill,  near  Calhoun  Falls, 

1       8.  C 


July     19  !  Beaverdam  Creek Near  Calhoun  Falls,  S.  C 

July    24  j  Toccoa  Creek Toccoa  Falls,  Ga 

July    28  I  Brier  Creek Near  Waynesboro,  Ga . . . 

Beaverdam  Creek Elberton,  Ga 

do ' do 

Brier  Creek Near  Waynesboro,  Ga . .  . 


Aug.  7 
Nov.  10 
Dec.     12 


128 

54 
6 

469 
40 
53 

604 


MISCKLIiANEOUS  MEASUREMENl'8   IN  OGEECHEK  M\T5R 

DRAINAGE  BASIN. 

The  following  miscellaneous  measurements  were  made  in  the  Ogee- 
chee  basin  in  1902  by  B.  M.  Hall  and  his  assistants: 

Mitfcellaneous  discharge  mensuremenU  in  OgeecJiee  drainage  batdn. 


Date. 


Stream. 


Julv  24 

July  25 

July  25 

July  25 

July  26 

July  26 

Dec.  10 

Dec.  10 

Dec.  11 


Wil  liamsons   8  w  a  ni  p 
Creek. 

Ogeechee  River 


Locality. 


Wadley,  (ia 


Big  Creek 

Ogeechee  River 


do 

Buckhead  Creek 

Williamsons   Swamp 
Creek. 

Ogeechee  River 

Buckhead  Creek 


Near  Louisville,  Ga.,  above  mouth 
of  Rocky  Comfort  Creek. 

Near  Louisville,  Ga 

Near  Ix)uisville,  Ga.,  below  mouth 
of  Rocky  Comfort  Creek. 

Millen,  Ga 

Millen,  Ga.,  just  above  mouth 

Wadley,  Ga 


6  miles  from  Wadley,  Ga 
Millen,  Ga 


DiHchHrge. 

134 

199 

78 
()03 

1,097 
109 
283 

2,134 
701 
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AliTAMAIIA  IlIVEIl  DRAFN^AGE  BA8IN. 

The  Altainaha  River  \h  formed  by  the  junction  of  Oconee  and  Ocmul- 
gee  river&,  which  unite  at  the  southern  boundarj^  of  Montg-omery 
County,  Ga.,  about  100  miles  from  the  coast.  It  flows  in  a  southeast- 
erly direction  and  empties  into  the  Atlantic  Oc«an  near  Darien,  Ga. 
Oconee  River  drains  the  eastern  central  part  of  Georgia.  Its  princi- 
pal tributar}^  is  Apalachee  River,  which  enters  it  in  the  southeastern 
part  of  Morgan  County,  Ga.  Ocmulgee  River,  which  is  formed  by 
the  junction  of  Yellow  and  South  rivers,  in  the  northwestern  part  of 
Jasper  County,  Ga.,  drains  the  western  central  portion  of  the  State. 

During  1902  the  United  States  Geological  Survey  maintained  the 
following  stations  in  this  basin  under  the  direction  of  B.  M.  Hall: 

On  the  Oconee;  at  Bar  net  t  Shoals,  at  Dublin,  and  near  Athens. 

On  the  Apalachee;  near  Buckhead. 

On  the  Ocmulgee;  at  Macon  and  near  Flovilla. 

On  the  Alcovy;  near  Covington. 

OCONEE   RIVER   AT   DUBLIN,  GA. 

Oconee  River  rises  in  the  northern  part  of  Georgia,  near  Gaines- 
ville, on  the  southern  slope  of  the  Chattahoochee  Ridge,  which  separates 
the  headwaters  of  this  stream  from  the  tributaries  of  the  Chattahoo- 
chee River.  It  flows  in  a  southeasterly  direction  and  joins  the  Ocmulgee 
at  the  southern  border  of  Montgomery  County  to  form  the  Altamaha. 
The  drainage  area  is  for  the  most  part  hilh- ,  and  is  made  up  of  culti- 
vated ground  broken  by  extensive  tracts  of  forest. 

A  station  was  established  by  the  United  States  Weather  Bureau  in 
181M  at  Dublin,  Ga.,  about  GO  miles  above  the  junction  of  the  Oconee 
with  the  Ocmulgee,  45  miles  below  Mil  ledge  ville  and  85  miles  below 
the  old  Cary  station.  The  station  was  discontinued  on  April  30, 
1897,  but  was  reestablished  by  the  Georgia  geological  survey  Feb- 
ruary 11,  1898.  Since  October  15,  1898,  the  station  ha^j  been  main- 
tained by  the  United  States  Weather  Bureau.  The  station  is  located 
in  the  eastern  part  of  Dublin,  Ga.  The  gage  is  a  vertical  rod  fastened 
to  the  lower  side  of  the  middle  pier  of  the  Wrightsville  and  Tennille 
Railroad  bridge.  The  channel  is  straight  and  without  obstructions, 
except  the  bridge  piers.  The  current  is  swift.  The  banks  are  high  and 
not  subject  to  overflow.  Discharge  measurements  are  made  from  the 
upper  side  of  the  iron  highway  bridge,  which  is  about  100  yards  above 
the  railroad  bridge  at  which  the  gsige  is  located.  The  initial  point  for 
soundings  is  the  end  of  the  bridge  on  the  right  bank  of  the  river.  The 
observer,  J.  W.  Scarborough,  is  paid  by  the  United  States  Weather 
Bureau. 
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The  following  discharge  measurements  were  made  during  1902: 

November  12:  Gage  height,  0.27  feet;  discharge,  1,^51  second-feet. 
November  12:  Guge  lieight,  0.25  feet;  discharge,  1,615  second-feet. 
November  13:  Gage  height,  0.27  feet;  discharge,  1,619  second-feet. 


Daily  gage  helghty  infeety  of  Ocmiee  River  at  Dubliuy  Ga. 


Day. 


1902. 


2, 


6. 


9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18- 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


I    '1 


IRR    83 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

1 
June. 

i 

July. 

Auk. 

Sept. 

Oct. 

Nov. 

Dec. 

10.00 

4.00 

11.00 

15.30 

3.40 

1 

1.00 

0.20 

0.00 

0.70 

2.80 

0.80 

4.00 

12.00 

6.30 

13.40 

17. 60 

3.30 

1.00 

-.10 

1.70 

.50 

1.70 

.50 

5.30 

14.10 

8.00 

23.00 

17.50 

4.50 

1.20 

-.20 

.80 

.30 

2.00 

.20 

6.10 

14.90 

9.50 

25.50 

17.10 

5.50 

1.80 

-.20 

.30 

-  .10 

2.50 

-.10 

7.50 

15.30 

14.00 

25.80 

16.00 

4.70 

1.60 

-.20 

2.90 

-  .40 

1.60 

-.20 

8.00 

14.60 

19.00 

24.50 

14.10 

3.80 

.90 

1.40 

4.30 

-  .60 

2.90 

-.20 

8.70 

12.40 

20.00 

22.00 

11.30 

3.50 

.70 

.90 

4.40 

-  .90 

2.70 

.30 

9.00 

7.00 

19.50 

19.00 

9.00 

3.00 

.60 

.70 

3.50 

-1.10 

2.40 

.60 

9.80 

4.40 

18.00 

16.00 

9.00 

8.10 

2.00 

.20 

2.00 

-1.20 

1.80 

.80 

9.00 

3.90 

15.60 

13.00 

9.00 

2.70 

3.90 

-.20 

.90 

-1.20 

1.00 

.60 

5.80 

3.60 

12.30 

9.00 

9.00 

2.70 

4.00 

-.70 

.50 

-1.30 

.70 

.m 

3.50 

3.20 

7.30 

7.50 

8.50 

2.70 

3.00 

1.00 

1.00 

I.JO 

.80 

.40 

3.20 

3.00 

5.00 

6.50 

7.00 

2.50 

1.30 

2.50 

2.40 

2.00 

.90 

.30 

3.00 

2.80 

4.30 

6.00 

6.00 

2.30 

1.00 

4.50 

1.30 

1.50 

1.00 

.20 

4.80 

2.60 

4.10 

7.10 

5.60 

2.00 

1.00 

3.50 

.70 

.70 

1.20 

.10 

4.90 

2.50 

4.10 

9.80 

5.50 

2.20 

1.20 

4.40 

1.00 

.40 

2.00 

.00 

3.80 

2.40 

4.80 

12.70 

5.50 

3.00 

4.50 

5.10 

2.30 

.80 

1.00 

-.10 

3.00 

2.40 

5.00 

14.20 

6.00 

3.00 

4.50 

5.50 

3.00 

.60 

.80 

-.10 

2.60 

2.40 

5.00 

19.00 

7.90 

2.70 

2.50 

3.30 

1.70 

.20 

.50 

-.10 

3.50 

2.40 

4.80 

21.00 

9.00 

3.00 

3.70 

1.20 

.80 

-  .20 

.10 

1.00 

3/00 

2.50 

4.60 

19.70 

10.00 

2.90 

2.80 

.80 

.40 

.30 

-.20 

2.00 

2.00 

3.10 

4.50 

18.00 

10.00 

2.80 

2.00 

.40 

.10 

.80 

-  .40 

1.40 

1.40 

3.70 

6.50 

15.90 

8.10 

2.70 

2.00 

2.40 

.60 

.70 

-.50 

1.00 

4.00 

3.70 

6.60 

13.70 

6.00 

2.50 

1.50 

1.00 

.20 

.50 

—.50 

.70 

5.50 

3.40 

7.00 

11.60 

5.00 

2.30 

1.10 

.50 

-.20 

.20 

-.60 

.60 

5.00 

3.00 

8.00 

10.10 

4.(X) 

2.00 

.70 

1.70 

-.40 

-  .10 

-.60 

1.00- 

2.50 

2.90 

8.60 

9.50 

4.30 

1.70 

.50 

1.00 

-.40 

1.00 

-.30 

4.40 

2.00 

2.80 

9.60 

9.10 

3.90 

1.50 

.40 

1.20 

-.30 

3.50 

1.50 

5.50 

1.70 

2.60 

8.90 

3.60 

1.40 

.30 

2.00 

.10 

4.00 

2.00 

4.50 

1.50 

2.60 

10.90 

3.60 

1.30 

.20 

1.80 

.20 

4.20 

1.80 

3.50 

1.30 

3.00 

12. 10 

1.10 



1.30 

.50 

1.50 

1.00 

a      11*. 

> 

^ 
1 

1)8 
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[no.  Si. 


Hat'nuj  tahh'/or  (^ttnei'  River  at  iMHin,  (in.,  for  1902, 


Ftd. 

Sftunul-ffti. 

Vtei. 

Stnnul-/t*i. 

J->ft. 

Sfctmd-Jcct. 

hyxt. 

Srcimd-feH, 

1.2 

t):i5 

2.  2 

2,940 

5.H 

(>,  244 

10.5 

11, 8:50 

1.0 

1,010 

2.4 

8, 090 

5.8 

H,  472 

11.0 

12,400 

.« 

1 , (HM) 

2.H 

8,  250 

(J.  0 

(),  7(X) 

11.5 

12,  970 

.() 

1,1S0 

2.8 

8,410 

(i.2 

(>,  928 

12.0 

13,540 

.4 

1 ,  270 

8.0 

8,  570 

(i.4 

7,156 

13.0 

14,680 

^  2 

1 ,  870 

8.  2 

8,  740 

H.  0 

;     7,:i84 

14.0 

15,  820 

.0 

1 ,  475 

8.4 

8, 910 

<>.  8 

'       7,012 

15.0 

16,960 

_  2 

,       1 ,  585 

8.  ti 

4,090 

7.0 

,       7,840 

16.0 

18,100 

.4 

!       1 ,  700 

8.8 

4,  280 

7.2 

1       8.068 

17,0 

19,  240 

.() 

1,820 

4.0 

4,480 

7.4 

1       8, 296 

18.0 

20,380 

.S 

1 ,  945 

4.2 

4,  «90 

7.H 

8, 524 

19.0 

21,  520 

1.0 

,       -',  075 

4.4 

4,9tX) 

7.8 

;       8, 752 

20.0 

22,660 

1.2 

2,  210 

4.H 

5, 120      , 

8.0 

1       8,980 

21.0 

23,800 

1.4 

1       2,  ;i5() 

4.8 

5,  'MO 

8.5 

!      9, 550 

22.0 

24,940 

1.<J 

'       2, 490      , 

5.  0 

5, 560     ; 

9.0 

10,120 

28.0 

26,080 

l.H 

2,  (UO     i 

5.2 

5,  788 

9.5 

1     10, 690 

24.0 

27,220 

2.0 

,       -',790      , 

5.4 

(),01(i 

10.0 

'     ll,2(i0 

25.0 

28,360 

KHtimaied  uumthly  (liwhargf  of  Ovone*'  River  <tt  Dfibiitif  (ra. 
[Drainage  areii,  4,lf<2  wiiiare  miles.] 


Di.Mfharge  in  .secon<l-feet. 


Run-off. 


MunUi. 


Maximum.  !  Minimum. 


Mean. 


Jiuiimrv  . . 
February  . 

March 

April 

Mav 

June 

Jiilv 

ft 

August  ... 
St^ptemlH'r 

OctolHT 

NoviMulH'r 
PecenilHM* 


im)2. 


17,;$02  , 

8,090 

22,(><iO  , 

4,480 

29,272 

6,700 

19,  924 

.  4, 090 

6, 180 

2, 140 

5, 010 

1,585 

6, 1.80 

i,i:i5 

4,900 

1,270 

4, 690 

^HX) 

8, 490 

1,180 

(),  \m 

1 ,  870 

11,082 

2, 075 

Se<?ond- 

feet  per     Dt^pth  in 
square       inches, 
mile. 


The  year 


2V),  272 


900 


6, 

815 

9, 

818  , 

16, 

248 ; 

^, 

JH2 : 

•^: 

436  1 

685 

2 

567  ' 

2 

318  ; 

1, 

904 

2 

208 

2 

189 

.5, 

i:^  ' 

5, 

409 

1.51 

2.  35 

8.88 

2.38 

.82 

.(U 

.61 

.54 

.46 

.53 

.52 

1.23 

1.29 


1.74 

2.4o 

4.47 

2.66 

.95 

.71 

.70 

.62 

.51 

.61 

.58 

1.42 

17.48 
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OCONEE  RIVER  AT  BARNETT  SHOALS,  GA. 

This  station  was  established  by  Prof.  C.  M.  Strahaii,  of  the  Univer- 
sity of  Georgia,  on  August  0,  11K)1.  It  is  located  at  Barnett's  bridge, 
1  mile  above  Barnett  Shoals  and  4  miles  east  of  Watkinsville,  Ga. 

The  gage  is  a  10-foot  rod,  graduated  to  feet  and  tenths,  nailed  to  a 
tree  on  the  left  bank  just  al>ove  the  bridge.  The  gage  is  extended  to  a 
len^h  of  16  feet  b}'  means  of  a  plank  marked  in  feet  fastened  above 
the  rod.  The  bench  mark  is  a  large  nail  driven  into  the  tree,  and  its 
elevation  is  6  feet  above  the  datum  of  the  gage. 

Discharge  measurements  were  made  from  the  downstream  side  of 
the  bridge,  which  is  a  covered,  lattice,  single-span  bridge,  with  a  total 
length  of  109  feet  between  abutments.  The  observer  was  R.  L. 
McRee,  a  storekeeper  at  Barnett  Shoals,  who  read  the  gage  once  daily 
at  ordinaiy  stages  and  twice  daily  during  low  stages,  when  the  regu- 
larity of  the  flow  is  affected  by  the  small  dam  of  the  Georgia  factory, 
6i  miles  upstream. 

The  station  was  discontinued  on  August  23,  1902,  for  want  of  an 
observer. 

The  following  discharge  measurements  were  made  during  1902: 

January  I :  Gage  height,  6.35  feet;  discharge,  5,061  second-feet. 
March  22:  Gage  height,  3.20  feet;  discharge,  1,412  second-feet. 
May  31:  Gage  height,  2.10  feet;  discharge,  800  second-feet. 
June  28:  Gage  height,  1.77  feet;  discharge,  619  second-feet. 

JMiily  gage  fitightj  infeetf  of  Oconee  River  at  Barnett  ShoalAt^  d'a. 


1. 

2. 

3. 

4. 

5- 

6. 

i . 

H. 

9. 
10. 
11. 
12. 

n. 

14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 


Day. 


1902. 


Jan. 


5.80 
4.00 
S.OO 
2.90 
2.  SO 
2.70 
2.60 
2.50 
2.40 
2.40 
2.40 
2.40 
2.40 
2.30 
2.30 
2.30 
2.30 

2.:w 

2.40 
2.30 
2.  M) 


Feb. 


8.00 
14.00 
10.00 
8.90 
7.60 
6.00 
4.80 
3.90 
3.30 
3.00 
2.80 
2.70 
2.70 
2.70 
3.00 
3.30 
3.:M) 
3. 20 

:i.oo 

2.80 
2.60 


Mar. 


14.00 
8.00 
6.00 
n.OO 
4.50 
4.00 
3.60 

«3.00 


Apr.    ,    May 


June. 


July.   I   Auk. 


2.20 
2.20 


20 
10 
10 
10 
00 
00 
20 
00 
30 
20 
10 
10 
90 
80 
90 
50 
20 
10 
00 
70 
00 


1.50 
1.60 
1.50 
2.60 
2,70 

i.ao 

1.80 
1.90 
1.70 
1.90 
2.50 
2.40 
3.20 
2.20 
4.30 
4.30 
2. 50 
2.00 
1.90 
1.80 
1.70 


1.60 
1.60 
2.40 
2.40 
3.90 
2.50 
1.90 
1.70 
1.60 
1.00 
1.80 
2.40 
1.80 
1.60 
1.80 
1.60 
1.70 
1.70 
1.60 
1.70 
1.80 


u  No  olxserver  o])tainable.    Discontinued. 
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[no.  sa. 


22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Ihtilij  gage  height^  infeetj  of  Ocmiee  River  at  Barrwit  Shoahy  Ga. — Continued. 


Day. 


1902. 


Jan. 


Feb. 


Mar. 


Apr. 


2.40 

2.60 
2.50 
2.50 
2.50 
2.50 
S.OO 

2.30  ' 

2.60 

2.50  1 

2.40 

1 

2.50 

2.60 

17.00 

2.90 

, 

3.00 

! 

4.00 

1 

1 

May.   '  June. 


2.20 
2.20 
2.30 
2.30 
2.30 
2.20 
2.10 
2.10 
2.00 
2.00 


1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.60 
1.70 
1.70 


Julv 


I 


Aug. 


1.70  I 
1.60  I 
1.60  . 
1.60  !. 
1.80  ,. 
1.70  . 
1.70  . 
2.00  I. 
1.80  [. 
1.70  I. 


1.90 
«1.60 


"  No  observer  obtainable.    Discontinued. 


Jiai'mg  table  for  Oroin'e  Hirer  at  Barneti  *S7wx/7j<,  deorgui^  for  1902. 


Gage 
height. 

Di.scharge. 

1" 

Gage 
height. 

1 

Discharge. 

Gage      ' 
height. 

Discharge. 

Gage 
height. 

DL*»charge. 

FtcL 

^rond-fai. 

1      Ftd. 

1 
1 

Seroud-fect.  \ 

Feet. 

Second-feet. 

Feci. 

Secfmd-j'eti. 

1.0 

508 

4.6 

2,615 

7.6 

7,  522 

10.6 

13, 582 

1.8 

665 

1       4.8 

1 

2, 827     ; 

7.8 

7,-926 

'     10. 8 

13,986 

2.0 

763 

:   5. 0 

3, 055     1 

8.0 

8,330 

11.0 

14,  :m) 

2.  2 

8r>i 

1       5. 2 

1 

3,299     1 

8.2     ' 

8,7;^ 

11.2 

14.  794 

2.4 

967 

1       5. 4 

3,559     i 

8.4     1 

9, 138 

11.4 

15, 198 

2.0 

1,074 

1       5.6 

I 

3,  KV) 

8.6 

9,542 

11.6 

15, 602 

2.8 

1,188 

j       5. 8 

4,130 

8.8 

9,  946 

11.8 

16,  ao«> 

8.0 

1,310 

1       6.0 

4,  445 

9.0 

1 

10, 350 

12.0 

16,410 

3.2 

'       1,440 

'       6.2 

4,780 

9.2 

10,  754 

12.  5 

17,420 

3.4 

1,578 

6.4 

1 

5,135 

9.4 

11,158 

13.0 

18, 4:«) 

3.6 

1,724 

<).  6 

5,  510 

9.6 

11,562 

13.  5 

19,440 

3.8 

1,878 

6.8 

5,906 

9.8 

11,966 

14.0 

20,450 

4.0 

r       2, 060 

7.0 

6,  310 

1     10. 0 

12,370 

:     15.0 

22, 470 

4.2 

;       2, 233 

;    7.2 

6,714 

i     10.2 

1 2,  774 

;     16. 0 

24,490 

4.4 

\       2,418 

/.4 

ll 

7,118 

■ 

]     10. 4 

1 

13,178 

;     17.0 

26, 510 

J 
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J'jdlmated  monthly  discharge  of  Ch-onee  Hirer  at  Barnett  Shoala,  (feorf/io. 

[DminHgo  area,  8:i*>  sqnurt»  miles.] 


Diwharjft*  in  sfox>nd-feet. 


Month. 


Miixinium.  i  Minininm.         Mfiiii 


4,1;^) 


915 


1902. 

January  

February !       2f>,510  ;         1,020 

March  1  to  8 

May  20  to  81 

June '        1,810  5<i8 

July 2,824  520 

Au£riu4t  1  to  2Ji ' 


1,211 
4, 456 

5, 4sr> 

S5] 
748 
842 
786 


Uiin-oflf. 


Second- 

fee't  per 

.square 

mile. 


1 .  45 
5.  84  ' 

1.02  , 
0.90 

1.01   ' 

I 

0.88 


Depth  in 
ineheH. 


1.67 
5.  56 
1.95 
0.46 
1.00 
1.16 
0.  75 


MIDDLE  OCONEE  KIVER  NEAR  ATHENS,  (iA. 

Middle  Oconee  River  ri.ses  in  Hall  County  and  flows  southeastward 
through  Jackson  and  Clarke  counties  to  its  junction  with  the  east  fork, 
{}  tnile.s  below  Athens.     It  drains  a  rolling  area  of  300  stjuare  miles. 

Measurements  were  begun  at  Athens  on  October  11, 1901,  the  station 
having  been  established  by  Prof.  C.  M.  Strahan,  of  the  University  of 
Georgia.  It  is  located  on  a  wagon  bridge,  known  as  MitchelPs  Bridge, 
on  the  Athens  and  Lawrenceville  road,  3i  miles  from  Athens  and 
about  7i  miles  above  the  junction  of  Middle  Oconee  with  its  eastern 
fork.  It  is  4  miles  above  the  dam  of  the. Princeton  factory,  an  8-foot 
shoal  intervening,  and  one-third  of  a  mile  below  the  dam  of  the  Athens  * 
Electric  Railway  Company.  The  gage  is  of  wire,  mounted  on  the 
north  truss,  near  the  east  end  of  the  bridge.  It  is  protected  b}^  a  plank 
cover  and  locked.  The  bridge  is  of  the  covered  wooden  lattice  type. 
The  bench  mark  is  the  top  of  the  lower  chord  at  the  gage  pulley,  26.85 
feet  above  the  river  bottom,  which  is  the  zero  point  of  the  gage,  the 
latter  being  set  to  read  zero  when  the  weight  touches  the  bottom.  The 
graduations  are  laid  off  on  the  lower  chord  to  20  feet,  and  can  be 
extended  to  26  feet.  The  initial  point  for  soundings  is  a  spike  at  the 
west  end  of  the  north  bridge  truss.  The  channel  is  straight  and  unob- 
structed except  by  remains  of  old  piers  just  inside  the  present  piers, 
the  old  piers  being  covered  at  a  giigvi  height  of  3  feet.  The  banks  are 
high  and  the  approaches  short.  The  water  rises  rapidly  in  time  of 
flood,  the  maximum  gage  height  being  22.9  feet  and  the  average  gage 
height  2.5  to  3  feet.  The  station  was  discontinued  on  October  25, 1902, 
for  want  of  an  observer. 
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[ko.  fCl. 


The  following  dischjir^^o  iDtnisuivinents  \v(MV  iimrlo  during"  1J*<»2  hy 
C.  M.  Strahan: 

DiAcharfje  meiimirt'menta  of  Middle  Orffnef  Hirer  near  AOventt,  (ia. 


T>HtO 


Hydn>Krapher, 


(iigreholKht.    Dwrharjri*. 


January  W (\  M.  Strahan 

Febrnarv  2S do 

May  2 .'. .  .do 

June  'M) do 

July  17 do 

Julv  U) do 

Julv  22 d<» 


Fret, 

Srrrnui-Jf  ti. 

3.65 

H.>5 

22.  50 

16,  971 

(«) 

^M\ 

1.70 

275 

2.10 

AOO 

1.95 

350 

1.85 

818 

o 


a. 


8. 

9. 
10. 
11- 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
2G. 
27. 
28. 
29. 
30. 
31. 


"liafiring  made  7  milos  a)K>v(>  Athens. 
Dtiilif  (jatje  heif/ht,  in  feet j  of  Middle  (houee  Rinr  near  Atherw,  (Sa. 


\hx\ 


1902. 


Jan.  '  Fob.      Mar.     .\pr.  i  May.  .Mint'.  July.  Aug.    Sept.]  (k»l. 


20 
90 
70 
50 
50 
50 
40 
40 
30 
30 
30 
20 
20 
20 
20 
20 
20 
10 
20 

:» 

30 
20 
20 
20 
20 
20 
20 
40 
40 
90 
.30 


0. 
14. 
17. 

5. 

4. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

4. 

4. 

o 

l>. 
25. 


20 
00 
00 
50 
•20 
90 
80 
80 
60 
50 
50 
40 
40 
40 
60 
70 
60 
50 
50 
60 
70 
70 
.50 
50 
00 
«) 
80 
50 


19.00 
7.30 
5.70 
5.20 
4.80 
4.(K) 
4.40 
3.80 
3.  m 
3.  (JO 
3.30 

3.:w 

4.00 
3.50 
3.40 
5.30 
8.40 
4.70 
3.60 
3.30 
3. 10 
3.00 
2.90 
2.90 
2.90 
2.90 
2.90 
3.40 
11.30 
IM.  (X) 
4.1k) 


3.  CO 
3.20 
3.00 
2.  SO 


2. 50  2. 10 
2.50  2.10 
2. 50     2. 10 


2.^0 


2.90  '  2.40 
2.90  I  2.40 
2.90  '  2.40 
3.00  '  2.40 
3. 00  2. 30 
2.90  I  2.30 
2.90  1  2.30 
2.80     2.30 


2.80 
2.80 
2.80 
2.80 
3. 20 
3.70 
8.00 
2. 80 
2.80 
2.80 
2.70 
2.70 
2.  (K) 
2. 60 
2. 60 
2. 50 
2. 50 
2.60 


2.30 

2.:» 

2.30 
2. 20 
2.20 
2. 20 


2.00 
2.00 
2.00 
2.40 
2.30 
2. 20 
2.10 
2.10 
2.00 
2.  a) 
2.00 
2.20 
2.40 
2.20 
2.10 


2. 20  I  2. 10 
2.20  I  2.00 
2.20  '  2.00 
2.20  '  2.00 
2.20  I  2.00 
2. 20 
2. 20 
2. 20 
2.20 


2.10 
2.10 
2.10 
2.10 


1.90 
1.90 
1.80 
1.80 
1.80 
1.80 
1.70 


1.70 
1.70 
2.10 
2.0O 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.90 
2.00 
2.50 
3.80 
2.30 
2.20 
2.10 
2.00 
1.90 
1.80 
1.80 
1.90 
1.90 
1.90 
2.20 
1.80 
2.00 
2.30 
2.00 
l.SO 
1.80 


-n    I 

I 


Tft    I 


1.80 
1.80 
2.90 
2.00 
2.70 
2.00 
2.00 
1.90 
1.80 
1.80 
1.70 
2.10 
2.00 
1.90 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
l.GO 
1.60 
1.60 
1.60 
1.60 
1.60 
1.70 
1.70 
1.70 


,  1.70 

I  1.70 

I  1.70 

I  1.70 


1.70 

1.70 

1.60 

1.60 

2.10 

2.10 

1.90 

1.80 

,  2.50 

;  2.30 

\  1.90 

;  1.60 

'  1.60 
I  1.60 

;  i.so 

2.10 

I  1.90 

1.70 

1.70 

;  1.60 

;  3.60 

5.60 

!  3.90 

I  3.00 

2.10 

2.00 


2. 20 
2. 30 
2.40 
1.90 
2..« 
2.30 
2.10 
1.90 
1.80 
1.80 
1.80 

2.ao 

2.30 
2.10 
2.00 
1.90 

i.dc) 

l.HO 
1.W 
1.80 
l.«0 
l.«0 
1.80 
1.80 
al.80 


o  |>iscontiniicd.     No  nh^rrvrr  olttninnhU'. 
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Jitifintj  taUt'ffH'  yf'uUllr  Onnnr  Rivvr  mnr  Athnm,  (in.,  for  i'.H).\ 


Gage 
hei^rht. 

Discharge. 

tiHgC 

height. 

Disci  large. 

(lage 
height. 

1 

I)i«:harge. 

(ittge 
height. 

Diseharge. 

K*H. 

Second-fret. 

Feti. 

Srnmii-frtt. 

Fret. 

Strftml-ffft. 

Fed. 

Sranui-fn  t. 

1.(5      ' 

243 

5.  6 

1,915      ! 

9.  6 

5,  840 

16.0 

11,  KM) 

1.8 

:^()7    ' 

5.8 

2, 050 

9.8 

5, 520 

16.5 

11,550 

2.0 

371 

6.0 

,       -MJK)     , 

10.0 

5,700 

17.0 

12,000 

2.  2 

4.85 

6.2 

'       2, 836     : 

10.2 

5,  880 

17.5 

12,450 

2  4 
—  -» 

409 

6.4 

2,490 

10.4 

6, 0(50 

18.0 

12,900 

2.t> 

56:^ 

6.6 

2, 652     , 

10.6 

6,  240 

18.5 

18,850 

2.8 

627 

6.8 

2,  822 

10.8 

6, 420     ' 

19.0 

18,800 

3.0 

691 

7.0 

8,  OCX) 

11.0 

6,600 

19.5 

14,250 

3.2 

755 

7.2 

8, 180 

11.2 

r,,  780 

20.0 

14,700 

3.4 

819 

7.4 

3,  :^J0 

11.4 

6,960 

20.  5 

15,150 

3.6 

884 

7.6 

8, 540 

11.6     ■ 

7,140 

21.0 

15,  (500 

3.8 

966 

7.  8 

8,  720 

11.8 

7, 820     ' 

21.5 

16,  a50 

4.0 

,046 

8.0 

8,900 

12.0 

7,500 

22.0 

16,500 

4.2 

,131 

8.2 

4,080 

12.5 

7, 950     ' 

22.5 

16,950 

4.4 

.217 

8.4 

4,2(K) 

18.0 

8,400 

28.  0 

17,400 

4.6 

,  315 

8.6 

4, 440 

18.5 

8.  850 

28.  5 

17,850 

4.8 

,426 

8.8 

4,620 

14. 0     1 

9,  m) 

24.  0 

18,800 

5.0 

,541 

9.0 

4,800 

14.5     , 

9,  750 

24.5 

18,750 

5.2 

,661 

9.2 

4,980 

15.0 

10,200 

25.  0 

19,200 

5.4 

• 

,78(^ 

9.4 

5,160 

1 0.  0 

10,650 

animated  moniJily  dmiharge  of  Middle  Oconee  River  near  AtfiniJf^  fin. 

[Drainage  area.  395  s<iuare  miles.] 


Discharge  in  second-feet. 


Run-off. 


Month. 


1902. 


Janiiarv 

February 

March 

April 

May 

June 

July 

Augiiet 

September . . 
October  1-25 


Maximum. 

Minimum. 

Mean. 

Seoond- 

feet  per 

square 

mile. 

Depth  in 
inches. 

1,217 

728 

887 

2.12 

2.44 

19,560 

819 

2,  8(52 

5.  98 

6.28 

18,8(X) 

()59 

2,189 

5.  54 

6.  89 

884 

581 

(552 

1 .  65 

1.84 

581 

408 

458 

1.16 

L.'W 

499 

275 

888 

.97 

1.08 

9«J(> 

.       275 

875 

.  95 

1.10 

659 

248 

817 

.80 

.92 

1,915 

248 

42(5 

1.08 

1.20 

8(57 

.98 

.87 

X<>TB.— PiJ«'«ntinuc<l.     No  ohsi'rver  i»btainal>1e 
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APALACHEE   RIVER  NEAR   BUCKHEAl),  GA. 

A  gago  WHS  established  at  this  shition  on  February  13,  li^Ol,  and 
observations  were  commenced  on  March  1.  It  is  located  at  the  iron 
wagon  bridge  over  Apalachee  River,  3i  miles  north  of  the  town  of 
Buckhead,  Ga.  The  bridge  is  a  single  iron  span  103  feet  lon^,  sup- 
ported by  four  tubular  iron  piers.  Its  floor  is  about  25  feet  above 
low  water.  The  left  bank  is  high  and  will  overflow  to  a  distance  of 
about  75  feet  only  beyond  ordinary  high-water  mark.  The  right  bank 
is  liable  to  ovei-flow  to  a  distance  of  about  400  feet,  commencing  at 
a  gage  h(»ight  of  (>  feet.  The  overflow  areas  on  both  banks  arc  crossed 
by  wooden  trestle  approaches.  The  trestle  on  the  right  bank  is  sub- 
ject to  overflow  at  a  gage  height  of  IS  fiM^t,  rendering  it  imiK)s.sible  to 
make  discharge  measurements  of  high  floods.  The  section  is  good,  but 
the  current  is  irregular  on  account  of  the  ruins  of  old  l)ridge  piers  in 
the  river  about  50  feet  al)ove.  The  geneml  course  of  the  river  l>oth 
above  and  below  the  stsition  is  slightly  curved. 

The  gage  is  graduated  to  feet  and  tenths,  with  })i'ass  figures  and 
staples,  and  consists  of  two  parts.  The  flrst  section,  extending*  froiu 
0  to  10  feet,  is  fastened  to  a  small  ash  tree  on  the  left  bank,  about  KM) 
feet  below  the  bridge.  The  second  section,  extending  from  t\  to  2o 
feet,  is  nailed  to  the  upstream  post  of  the  last  wooden  bent  next  to 
the  iron  bridge  on  the  right  bank. 

Bench  mark  No.  1  is  the  top  of  the  iron  pier  on  the  right  bank, 
downstream  side.     Its  elevation  is  25  feet  above  the  datum  of  the  gage. 

Bench  mark  No.  2  is  the  top  of  the  second  iron  crossbeam  from  the 
left  bank  on  the  downstream  side.  Its  elevation  is  25.72  feet  above 
the  datum  of  the  gage. 

The  observer  is  A.  S.  Adams,  a  farmer  living  one-third  of  a  mile 
from  the  })ridge.     The  observer  is  i)aid  by  the  (Jeorgia  geological 

survev. 

The  following  discharge  measurements  were  made  during  1902: 

February  8,  gage  height,  8.95  feet;  discharge,  821  second-feet. 
June  7,  gage  height,  1.52  feet;  discharge,  202  second-feet. 
July  19,  gage  height,  1.50  feet;  discharge,  253  second-fe«t. 
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Daibf  giigt  height,  inj'eet,  of  Apalachee  River  near  Burkhead,  (in. 


Day 


Jan.      Ffb.     Mar.     Apr.    May.  Juno.  July.   Aug.   Sept.    Oct.    Nov.    Dec 


1902. 

1 ll.W 

2 7.00 

3 5.50 

4 -l.r)0 

5 4.20 

6 1  4-10 

7 1  4.00 

>^ 3.W 

9 3.70 

10 3.;'i0 

11 3.40 

12 3.20 

13 3.10 

14 3.00 

15 2.90 

lt> 2.90 

17 2.X0 

IH 2.80 

19 2..S0 

20 2.80 

21 2.70 

•22 2.70 

2:J 2.60 

24 2.60 

25 2.80 

•26 3.00 

27 3,20 

2S 3.60 

29 3.70 

30 4.00 

31 4.50 


6. 
17. 
•20. 
15. 
11. 

s. 

G. 

4. 

3. 

3. 

•3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

4. 

5. 
16. 
20. 


20 
50 
00 
00 
00 
00 
00 
00 
90 

m 

80 
70 
70 
70 
70 
80 
90 
90 
80 
70 
70 
80 
90 
00 
00 
00 
00 


25.00 

'20.00 

15.00 

10.00 

7.00 

rt.OO 

5.00 

4.00 

3.50 

3.n0 

3.:« 

3.:w 

3.80 
4.50 
5.00 
6.50 

10.00 
7.50 
6.00 
5.50 
5.-20 
5.00 
4.80 
4.70 
4.50 
4.30 
3.80 
4.40 
4.50 
7.00 

12.00 


S.00 
.5.50 
4.50 
4.00 
3.K0 
3.70 
4.50 
4.00 
3.80 

3.  no 

3..'i0 

3.50 

3.50 

3.40 

3.40 

3.30 

3.30 

4.50 

,  4.30 

;  4.00 

■  3.80 

'  3.60 

,  3.40 

3.20 

3.00 

;  2.70 

'  2.80 

2.70 

!  2.70 

'  2.70 


•2.60 
2.80 
•2.70 
2.70 
•2.60 
2-60 
2. 50 
•2.40 
•2.40 
2.30 
•2.30 
2.30 

•2.:» 

'2.40 
•2.40 
2. 40 
'2.30 
'2.30 
2.30 
2.20 
2.20 
2.10 
•2.10 
2.00 
1.90 
1.90 
1.85 
1.80 
1.80 
1.75 
1.75 


1.75 
1.75 
1.75 
1.70 
1.70 
1.70 
1.70 
1.00 
5.50 
4.00 
3.00 
•2.70 
2.40 
•2.10 
'2.00 
4.50 
3.80 
2.80 
•2.50 
2.  "20 
■2.00 
1.90 
1.90 
1.80 
1.80 
1.75 
1.70 
1.70 
1.65 
1.65 


l.TiO 
1.60 
•2.10 
•J.  00 
1.80 
1.70 
1.60 
1.5'> 
1.50 
1.50 
1.60 
•2.00 
1.90 
6.00 
3.00 
2.50 
2.30 
2.10 
'2.00 
1.90 
1.80 
1.75 
1.70 
1.65 
1.60 
1.50 
I  1.60 
2.10 
I  2.60 
i  2.10 
I  1.90 


1.80 

1.60 

4.00 

4.50 

4.00 

3.00 

•2.70 

•2.50 

2,20 

•2.00 

1.90 

I.S'» 

1.80 

1.75 

1.70 

1.70 

1.60 

1.60 

l.ot» 

1.50 

1,50 

1.40 

1.40 

1.-20 

1.10 

1.00 

1.20 

1.30 

1.50  i 

1.60  > 

1.60 


1.60 
1.50 
1.50 
1.50 
1.40 
1.40 
1.60 
1.80 
1.70 
1.70 
1,90 
•2.W 
•2,50 
4.00 
3.80 
3.40 
3.00 
•2.80 
•2.80 
3.20 
3.00 
'2.80 
•2.70 
'2.70 
3.00 
3.00 
'2.80 
•2.80 
•2.70 
3.50 


XA 


2.  H) 
•2,00 
1.90 
1.80 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1,70 
1.70 
1.70 
1.70 
1,70 
1,60 
1,60 
1,60 
1.60 
1.60 
1.55 
1.55 
1.50 
1.50 
1.50 
1.50 
1.80 
1.80 
1.70 
1.70 
1.60 


1.50 
1.50 
1.50 
1,60 
l.tX) 
1.60 
1.50 
1.50 
l.TK) 
1,50 
1,45 
1,45 
1.45 
1.45 
1.40 
1.40 
1.50 
1.70 
1.60 
1.60 
1.60 
1.60 
1,60 
2.00 
2.10 
•2.00 
2.00 
1.90 
'2.10 
2.60 


2,80 
S.10 
3.50 
6,00 
4.50 
8.50 
S.^20 
3.  Iff 
3.00 
300 
2.80 
2.50 
•2.20 
•2.10 
3.00 
3.50 
3.20 
8.00 
2.80 
2.70 
2.60 
3.60 
8.00 
2.90 
2.70 
2.60 
2,60 
2.50 
2.50 
3.20 
3.0O 


106 


STREAM   MEASUREMENTS    IN    1902,   PART    11. 


\SO.  83. 


Jintinf/ tahir  fnr  Ajuthwhir  Hhrr  mar  liuckhimi,  (i(i^  for  lfH)J. 


(lapi' 
height. 

1 
I)iM>hnr}n>. 

hc-iKht 

DiM'hnrKe.    ' 

1 

height. 

1 
Diwhurgu. 

1 

1 

(iHge 
height. 

Dischaixe. 

Fnt. 

Srcond-ff'ti.  i 

Fed. 

1 
Serond-feet.    , 

Feet. 

I  Seeond-fert. 

Feet. 

i^etond-feti. 

1.0 

205     1 

5.0 

1,185      1 

10.5 

'       2, 697 

20.5 

5,448 

1.2 

219 

5.2 

,240     ' 

11.0 

2,8:i5 

21.0 

5, 585 

1.4 

241 

5.4 

1 

,295     ^ 

11.5 

2,972 

21.5 

5,722 

\A\ 

271 

5.H 

,  :i50    ' 

12.0 

3, 110 

22.0 

5,860 

1.8 

310 

5.8 

L 

,405     j 

12.5 

3, 247 

22.5 

5,998 

2.0 

m  ; 

6.0 

1 

,460     1 

13.0 

3, 385 

23. 0 

6,  i:i5 

2.  2 

415 

6.2 

1 

,515     ' 

13.  5 

3, 522 

23. 5 

6,272 

2.4 

470  ; 

6.4 

,  570 

14.0 

3,660 

24.0 

6,410 

2.  (J 

525  ; 

6.  T) 

,  625 

14.5 

3,  798 

24.  5 

6,548 

2.8 

580     , 

6.8 

,680 

15.0 

.      3, 935 

25.0 

6,685 

3. 0 

im  , 

7.0 

7:i5     . 

1 

15.5 

'      4, 072 

25.5 

6,822 

3.2 

690  : 

7.2 

790    1 

16.0 

4,  210 

26.0 

6,960 

3.4 

745 

7.4 

^ 

,845     1 

16.5 

4,348 

26,5 

7,098 

3.0 

800     1 

7.6 

1 

,900     ' 

17.0 

4.485 

27.0 

7, 235 

3.8 

855 

7.8 

,  955 

17.5 

4,622 

27.5 

7,;^2 

4.0 

910     , 

8.0 

2 

,010     ' 

18.0 

4,760 

28.0 

7, 510 

4.2 

;         965    1 

8.5 

2 

,147 

18.5 

4, 898 

28.5 

7,648 

4.4 

,       1,020     , 

9.0 

2 

,285 

'            1 

19.0 

5,035 

2^K0 

7,785 

4.  (J 

1,075     1 

9.5 

2 

,422    ; 

19.  5 

5, 172 

4.8 

i,i:w    1 

10.0 

2 

,5(i0 

20.0 

5, 310 

Fjntimnted  mmUhbi  (fiHcharge  of  Apalarhee  Rirer  near  Bnckhead,  Ga. 

[Drainage  area,  440  square  miles.) 


Month. 


1902. 
January  

m 

February  

March 

April 

May 

June 

Julv 

August 

Septeml)er 

0('t<)l)er 

NovenilxT 

I)e(vnilx»r 

Tlu'  vcar  . . . 


Discharge  in  second-feet. 

Kun-off. 

Maximum. 

Minimum. 

Mean. 

Second- 
feet  per 
square 
mile. 

Depth  in 
inches*. 

2,  835 

525 

842 

1.91 

2.20 

5,  310 

827 

1,708 

3.88 

4.04 

6,  685 

717 

1,714 

3.90 

4.50 

2,010 

552 

843 

1.92 

2.14 

580 

300 

448 

1.02 

1.18 

1 .  322 

280 

469 

1.07 

1.19 

1 ,  460 

255 

375 

.85 

.98 

1,047 

205 

368 

.84 

.97 

910 

241 

495 

1.12 

1.25 

497 

255 

294 

.67 

.  it 

525 

241 

298 

.68 

.76 

1,185 

388 

641 

1.46 

1.68 

6,  685 

205  1 

708 

1.61 

21.66 
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OC'MUUSEK    RIVER    AT   MACON,    (;A. 


The  Ocmulgee  River  rises  in  the  north-centiul  part  of  Georgia  and 
flows  in  a  southeasterly  direction,  joining  the  Oconee  south  of  Mount 
Vernon  to  form  the  Altamaha  River.  The  drainage  area  has  the  same 
gt^nei-al  features  as  that  of  the  Oconee.  A  station  was  established  by 
the  United  States  Weather  Bureau  on  »January  21,  1893,  and  measure- 
ments were  begun  b}'  the  United  States  Geological  Survey  in  1895., 
The  wire  gage  on  the  Macon,  Dublin  and  Savannah  Railroad  bridge 
having  been  twice  stolen  in  the  spring  of  1897,  the  observations  were 
taken  on  the  Weather  Bureau  gage,  which  is  a  vertical  rod  bolted  to 
the  stone  pier  of  the  Central  Railroad  bridge.  It  is  referred  to  the 
same  datum.  The  bench  mark  is  the  top  of  the  track  on  the  Central 
Railroad  bridge.  It  is  54.85  feet  above  the  zero  of  the  gage.  (See 
United  States  W^eather  Bureau  reports  for  description  of  other  bench 
marks.)  Measurements  of  discharge  are  made  from  the  wagon  bridge 
a  short  distance  above.  The  channel  is  straight  and  without  obstruc- 
tions, except  two  bridge  piers.  The  banks  are  high  and  not  subject 
to  overflow.  The  bed  of  the  river  is  soft  and  changeable.  W.  T. 
Bass,  a  clerk  in  a  store  near  the  gage,  was  observer  for  the  United 
States  Geological  Survey  and  the  Georgia  geological  survey  until 
June  1,  1899.  Then  the  station  was  resumed  b}'^  the  Ignited  States 
Weather  Bureau,  in  charge  of  T.  S.  Collins,  until  March,  1901;  since 
that  time  the  Weather  Bureau  official  at  that  point  has  been  John  R. 
Weeks. 

Discharge  meatturenients  of  Ocmulgee  River  at  Macmi^  Ga, 


Date 


Hydrographer. 


Gage  hiiiffht. 


I)i^w•hinxc. 


1902.  ; 

June  26 i  Max  Hall 

July  25 1  W-Kllall 

July  31 H.  G.  Stokee 

September  15 j  W.  E.  Hall 

September  18 do 

Octol>er  28 A.  T.  Mitchelson 

November  1.3 do 

November  28 do 


Do 


do 


Decemlwr  5 ' do 


Fert. 

Stnmd-Jeet. 

3.53 

1,074 

3. 50 

689 

4.20 

1,126 

3. 61 

885 

3.30 

Ta*) 

3. 10 

829 

3.10 

779 

9.29 

6,483 

9.59 

5,900 

9.00 

4,612 

_ 
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ftTREAM   MEASURKMENT8    HT    1902,  PART   II. 
Ikiiiy  gmjf  Jieighi,  in  feet,  of  (Pcmulgee  River  at  Mncon,  da. 


fxo.  <L 


Day. 


1902. 


1 

15. 

2 

'  11. 

3 

8. 

4 

6. 

5 

6 

5. 

4. 

7 

4. 

8 

4. 

9 

4. 

10 

3. 

11 

3. 

12 

3. 

13 

1 
3. 

14 

3. 

15 

3. 

16 

3. 

17 

1 
3. 

18 

3. 

19 

;  3. 

20 

>  3. 

21 

'  3. 

22 

3. 

23 

>  4. 

24 

3. 

25 

26 

3. 

3. 

27 

1 

3. 

28 

3. 

29 

'  3. 

30 

'  3. 

31 

1  4. 

70 

00  < 

I 

10  ' 

I 

:» 

20 

70  ' 

40 

20 

00 

90 

(JO  . 
Tii) 


30 
10 


10  , 

20  ' 

10 

10 

20 

40 

90  ' 

I 

20  I 
70 
40' 
40 
40 
40  , 
30    , 
90    . 
40    . 


11.  .'lO 

IS.  00 

19.20 

IK.nt) 

15.00 

lO.tiO 

8.40 

7.20 

K\.  40 

5.80 

5. 50 

5. :«) 

5. 00 

4.90 

5. 10 

« 

5..')0  j 
5.70 

5.40  , 

5.30  ! 

5,20  I 


22.80 
20.90 
17.30  \ 
13.00 
11.10 
10. 10 
9.40  , 
8.70  I 
8.40  I 
S.20 
7.90  I 


/.  t 


0  ' 


5.90 


G.30  j 
5.90  I 
5.30  I 


7.20 

8.10 

8.40 

19.90 


7.50 

8.40 

9.40 

10.70 

i8.r.o 

16.80 

13.40 

11.00 

9.40 

8.90 

8.60 

8.20 

9.10 

8.90 

8.30 

10.00 

16. 20 

17.30 

14.60 


I 


12.  «0 

5.80 

10.40 

5.70 

8.«0 

.5.70 

S.50 

.5.80 

8. 20 

5.  .tO 

7.90 

5.40 

7.(» 

5.:i0 

10.50 

5.20 

10.20 

5.20 

9.  SO 

5. 50 

7.70 

5.50 

7.30 

5. :» 

7.10 

5. 20 

6.90 

5.10 

6.90 

5.00 

6.  90 

5. 40 

6.80 

6.40 

11.10 

5. 70 

9.00 

5.70 

7.60 

5. 70 

7.10 

5.20 

7.00 

5.00 

6.60 

4.80 

6.40 

4.70 

6.30 

4.60 

6.20 

4.60 

6.20 

4.50 

6.10 

4.40 

5.90 

4.30 

5.80 

4.20 

4.20 

'        m 


4.20 
4.10 
4.50 
1.30 
4.10 
4.00 
4.00 
6. 20 
6.10 
5.00  ' 
4.('i0  ' 
4.20  i 
4.10  ' 
4.00  I 
4.00  ' 
5.80  , 
5.00  I 
4.50  ; 
4.80  ' 
4.40  ' 
4.20  ' 
4.00  I 

3.80 ; 

3.70  ' 
1  3. 70  1 
3.60  I 
3.tX)  ' 
3.50 
3.40  ' 
3.40  I 


3.30 

3.20 

3.30 

3. 10 

3.30 

3.30 

3.  TO 

3.20 

3.30 

3. -20 

3.-20 

3.  TO 

3.20 

3.20 

5. 20 

4.10 

4.00  I 

3.80  , 

3.60 

3.40 

3.40 

3.40  , 

3.80 

3.50  ' 

3.60 ; 

3.50  I 
4.80  ' 
3.70  ! 
4.90  i 
4.70  I 
4.20  ' 


3.90 
3.80 
3-70 
.5.50 
5.90 
9.50 
5.50 
4.60 
4.00 
3.8t) 
3.70 
3.40 
1.60 
4.00 
3.80 
4.10 
5.90 
4.10 
3.40 
3.70 
3.40 
3.  TO 
3.70 
3.60 
3.  TO 
3.20 
3.20 
3.  TO 
4.TO 
4.60 
4.70 


4.00 
3.60 
3.50 
3.  TO 
3.40 
3.40 
3.40 
3.  TO 
3.40 
3.40 
3.80 

I  3.60 
3.  .50 

1  3.  TO 
4.20 
3.80 
3.50 
3.  TO 
3.  TO 
3.20 
4.20 
4.10 
3.70 
3.60 
3.40 
6.80 
5.80 
5.  TO 
5.40 
5.20 


5.00 

5.60 

4.50 

3.90 

4.30 

5.20 

4. SO 

4.20 

3.80 

3.70 

3.50 

3.90 

4.  IX) 

4.60 

4.  TO 

3.90 

;  3.60 

,  3.50 

3.40 

3.40 

I  3.  TO 

3.50 

3.20 

I  3.20 

3.10 

3.10 

3.80 

5.40 

'  4.70 

,  3.90 

,  3.60 


3.  .50 
3.30 
3-30 
3. -JO 
3. -JO 
3.  :«> 
3.40 
3.  70 

3.  .50 
3. 40 

3.  ;a> 

3.30 
3.20 
3.10 
3.20 
3.10 
3.20 
3.50 
4.80 

4.  GO 
3.90 
3.60 
3.50 
3.  TO 
3.20 
8.80 
8.50 
5.70 
4.40 
4.10 


Jan.       >Vb.      Mar.      Apr.    May.  June.  July.   Aug.  St»pt. .  Oct.  >  Xov.    Ihv. 


7.  .S) 
13. 3) 
ll.!*> 

9.  r»i 
7.»iJ 
5.90 

4.70 
4. 21) 
3.80 
4.U0 
V  Ji» 
4.fi0 

4.  TO 
4-10 
3- ft) 
6.M) 

5.  so 

4.  SO 
6.W 

6.60 
6-00 
n.3t» 
■1.80 
4-30 

4-00 
3.  .so 
4.00 
4- SO 
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ALTAMAHA    RIVER 

DRAINAGE    BASIN. 

10 

Rating 

table  f(rr 

\      Gage 
height. 

Oeinulgee  River  at  }fa,con,  6Vi.,  /f/r  190:?. 

1 

GaKe 
heig^ht. 

1 

Discharge. 

Discharge. 

Fcrt. 

Sfcond-fett. 

FM. 

Second-feet.  ' 

Feet. 

SecoHd-feet. 

Fset. 

St'cond-fert. 

3.2 

865 

6.6 

3,460     1 

10.0 

6,820 

15.  5 

20,200 

3.4 

995 

6.8 

3,640 

10.2 

7,060 

16.0 

22,  300 

3.  6 

1,125 

7.0 

3,  820 

10.4 

7,300 

16.5 

24,400 

3.8 

1,260 

7.2 

4,000 

10.  0 

7,540    ' 

17.0 

26,500 

4.0 

1,400 

7.4 

4,185 

10.8 

7,780 

17.5 

28,600 

4.2 

1,540 

1       7.6 

4,  375 

11.0 

8,020 

'     18.0 

30,700 

4.4 

1,685 

,       7.8 

4, 565     1 

11.2 

8,260 

18.5 

32,  800 

4.6 

1,8.35 

1       8.0 

4,755     1 

11.4 

8, 510 

19.0 

:M,900 

4.  H 

1,985 

1       «- 

4, 945     ' 

11.6 

8,780 

19.5 

37,000 

J       5. 0 

2,140 

1       ^'"^ 

5,140     ' 

11.  8 

9,050 

20.0 

39, 100 

5.2 

2,  300 

8.6 

5,340     1 

12.0 

9,400 

20.5 

41,200 

5.4 

2,460 

8.8 

5, 540 

12.5 

10,300 

i     21.0 

43, 300 

5.6 

2,620 

9.0 

5,  740 

13.0 

11,240 

21.5 

45, 400 

5.8 

2,780 

9.2 

5, 945     ' 

13.5 

12,470 

22.0 

47,500 

6.0 

2,  950 

'       9.4 

6,  155        ; 

14.0 

13,900 

J       6.2 

3,120 

'       9.6 

6, 370 

14.5 

16,000 

1 

6.4 

3,290 

9.8 

6,590 

15.0 

18,100     , 

' 

Estimated  monthly  discharge  of  Ocmulgee  River  at  Macmiy  Ga. 

[Drainage  area,  2,425  Mjuare  miles.] 


Di(H;harge  in  second-feet. 


Run-off. 


Month. 


Maximum. 


Minimum. 


Mean. 


Second-   ' 

feet  per     Depth  in 
I    square    ,    inclies. 
mile. 


1902. 

January 21,040 

February * 38,  680 

March 50,860 

April 10,  840 

Mav 3, 2JK) 

J  une '  3, 1 20 

July 2,  300 

August '  6,260 

September '  3, 680 

October 2,620 

November 5, 540 

December '  11,950 

The  vear '  50,860 


800 

2,242 

0.92 

1.06 

2,060 

8,444  1 

3.48 

3.  62 

4,280 

12,700 

5.24 

(5.04 

2,780 

4,  738 

1.95 

2. 18 

l,r>40 

2,  2t)2 

.95 

1.10 

995 

1,031 

.67 

.75 

800 

1,169 

.48 

.55 

865 

1,624  , 

.67 

.77 

865 

1,377 

.57 

.64 

800 

1,430 

.59 

.68 

800 

1,423 

.59 

.66 

1,125 

2,961  1 

1.22 

1.41 

800 

3, 502 

1.44 

19.46 
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OCMULGEE    RIVER  NEAR   FLOVILLA,  GA. 


[NO.  i)3. 


A  station  was  established  on  July  26,  1901,  on  Ocmulgee  River  at 
Lamars  Feny,  one-half  mile  below  Lamar^s  mill  and  5  miles  east  of 
Flovilla,  Ga.  The  object  of  this  station  was  to  compare  the  dlschargfe 
of  the  river  at  this  point  with  its  discharge  below  at  Macon  through 
the  low -water  season. 

The  gage  consisted  of  a  i  by  5  inch  by  10-foot  poplar  board  gi-adu- 
ated  to  feet  and  tenths  with  brass  figures,  staples,  and  tacks.  The  rod 
was  nailed  to  a  16-foot  pine  plank,  which  was  spiked  to  an  ash  tree  25 
feet  below  the  ferry  landing.  The  tree  was  graduated  with  nails  1 
foot  apart,  extending  the  gage  up  to  20  feet  above  datum. 

The  gage  and  bench  marks  were  washed  away  by  a  flood  on  Febru- 
ary 27,  1902,  and  the  station  has  not  been  reestablished. 

The  following  discharge  measurement  was  made  in  1902: 

February  10:  (ra^e  height,  5.60  feet;  discharge,  2,376  second-feet. 
Jkiily  gage  height f  in  feet y  of  Oanulgee  Rirer  near  Flovilla^  (hi. 


Day. 


1902. 


1.. 
2.. 
3.. 
4.. 

6.. 
7.. 

8... 


Jan. 

Feb. 

Day. 

• 

_ 

1902. 

Jan.  \ 

Feb. 

Day, 
1902. 

Jan. 

Feb.  ! 

1 

Day. 

Jan. 

Feb. 

1902. 

14.00 

14.60 

9 

4.40  , 

5.70 

17 

3.80 

5.50 

25 

4.00 

6. 20 

9.00 

19.00 

10 

4.30 

5.60 

18 

3.70 

5.30 

•26 

4.30  > 

T.fiO 

6.50 

20.20 

11 

4.10 

5.80  ' 

19 

3.90 

5.00 

27 

4.40 

7.60 

5.70 

19.50 

12 

4.10 

5.70 

20 

4.10 

5.50 

•28 

4.10 

(«) 

5.20 

10.00 

13 

4.00 

5.00 

21 

4.20 

5.  HO 

•29 

4.70  • 

5.00 

8.10 

U 

3.70  1 

4.80  ' 

22 

4.70 

5.60  \ 

30 

5,40 

4,80 

7.20  \ 

15 

3.70 

5.20  1 

23 

4.50 

5.40 

31 

5.30 

4.50 

6.50  ! 

16 

4.00 

5.70 
Tttge  wfl 

24 

LMhod  out. 

4.20 

5.10  , 

_ 

Hitting  tdhiefor  Onnultjee  River  near  FloviUa^  (in. ^  for  190£. 


(Jnife 
height. 

Disohaixe. 
Sceond-Jcrl . 

'     Gage 
1    height. 

1      Feel. 

\   Diwhargc 
Srcotul-/<<i . 

Gage 
height. 

Feet. 

I)is<harge.  | 
Seettmi-fe*  t. 

Gage 
height 

Fret. 

DiKcharife 

Frvt. 

Second-frfi. 

2.6 

870 

4.4 

1 ,  756 

6.5 

2,  837 

15.0 

7,215 

2.8 

947 

4.6 

1,859 

7.0 

3, 095 

16.0 

7,730 

8.0 

1,037 

4.8 

1,962 

8.0 

3, 610 

17.0 

8,245 

X  2 

1,  i;w 

5.0 

2,065 

9.0 

4,125  ; 

18.0 

8,7«0 

'^.  4 

1,241 

5.2 

2,168 

10.0 

4,640 

19.0 

9,  275 

X  (i 

1,344 

5.4 

2,271 

11.0 

5, 155 

20.0 

9,790 

:i.8 

1,447 

5.6 

2, 374 

12.0 

5, 670 

21.0 

10,305 

4.0 

1,550 

5.8 

2,477 

13.0 

6,  185 

22.0 

10,820 

4.2 

1,(>53 

;    6. 0 

1 

2,580 

14.0 

1 

6,700     ' 

23.0 

11,3:^5 
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HI 


Jislimated  immthly  diachnrge  of  Ocmultjee  Rhrr  ittar  FUmlUiy  (ia. 

[DriiiiiMKv  aren.  l.riOO  Mjunre  miles.] 


Di.Hcharge  in  Ht'cond-feel. 


KiiD-otT. 


Month. 


1902. 


January  

Februarv  1-27 


Maximum.     Minimum. 


.Mean. 


(i,700 


1,395  I 


2,  020 
:^,  538 


Second- 
feet  per     Depth  in 
8quare        inehefl. 
mile. 


1 . :« 

2.  m 


1.56 
2.  87 


AIXOVY    RIVER   NEAR   COVINGTON,  GA. 

This  station  was  established  on  April  30,  1901.  It  is  located  al>out 
3  miles  east  of  Covinj^n,  at  a  low  wooden  bridge  which  is  often  under 
water.  The  gage  is  a  vertical  rod  10  feet  long,  graduated  to  feet  and 
tenths,  marked  by  tacks  and  brass  figures.  It  is  spiked  to  a  birch  tree 
on  the  left  bank  of  the  river  2  feet  from  the  upstream  side  of  the 
bridge. 

The  banks  are  low  and  liable  to  oveiilow.  The  ground  on  the  right 
Ijank  is  low  and  swampy  f i>r  sevenil  hundred  yards;  and  is  flooded  l)y  a 
moderate  rise. 

The  observer  is  Stephen  Belcher,  a  farmer  living  near.  This  stsition 
is  aliove  Oarners  Shoal,  on  Alcovy  River,  where  the  fall  is  said  to  be 
97  feet  in  a  distance  of  1,200  feet.  The  observer  is  paid  by  the  (leorgia 
geological  survey. 

The  bench  mark  is  a  notch  and  nail  in  a  maple  tree  on  the  right 
bank,  about  15  feet  from  the  upper  side  of  the  bridge.  Elevation,  5.91 
feet  above  zero  of  the  gage. 

The  following  discharge  measurements  were  made  during  1902: 

February  7:  Gage  height,  4.87  feet;  <lL'*chai^e,  661  second-feet. 
June  14:  Gage  height,  1.70  feet;  discharge,  156  netrond-feet. 
July  18:  Gage  height,  1.32  feet;  discharge,  127  second -feet. 
September  12:  Gage  height,  1.20  feet;  discharge,  128  second- feet. 
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STREAM   MEASUREMENTS   IN   1902,  PART    II. 
JkiUy  gage  height^  in  feet  ^  of  Afronj  Rivern^ar  Covington^  Ga. 


[NO.  83. 


Day. 


Jan. 


Feb.     Mar.    .\pr.    May.  June.  July.  Aug.   Sept.,  Oct.    Xov.    De^r. 


1902. 

1 e.fto  I 

2 6.40  I 

3 '  4.80  I 

4 '  4.30 

6 1  4.00  I 

6 1  3.70  1 

7 1  3.50 

8 1  3.40 

9 3.30 

10 3.20 

11 '  3.10 

12 '  3.00  ; 

13 2.90 

14 2.  HO 

15 2.70 

16 2.80 

17 2.  SO 

18 2.70  , 

19 2.80 

20 2. 80  ' 

21 3.00  I 

22 3.10  I 

23 3.r)0  I 

24 3.00  I 

25 3.00  I 

26 '  3.00  ' 

27 '  3.00  I 

28 3. 00  I 

29 3.20  ' 

30 3.60  , 

31 4.00  ! 


5.20  ,  9.50  ■  5.60 

7.30  I  7.20  5.00 

S.  SO  I  6.20  I  4.80 

7.00  '  5.80  4.50 

0.70  i  5.30  '  4.30 

6.:W     5.00  I  4.20 

4.90  |-4.80  \  4.50 

4.40  '  4.60  4.90 

4  30     4.50  I  4.70 

4.00     4.40  4.50 

3.80     4.30  ■  4.00 

3.70     4.20  3.80 

3. 60     4. 00  3. 80 

3.60     4.40  ,  3.70 

3.60     4.80  '  3.70 

3.80     5.80  '  3.Crf) 

3.80     6.80  '  3.60 

3.80     6.70  4.30 

3.70     6.00  4.20 

3.70     5.70  4.00 

3.80     5.10  3.90 

3.80     4.80  \  3.80 

3.80     4.50  I  3.70 

4.20     4.50  '  3.70 

4.30  ;  4.50  i  3.50 

4.40     4.. 30  '  3.40 

5.00     3.90  3.00 

12.80  ,  4.30  '  3.00 

5.50  I  3.00 

'  7.40  3.00 

'  6.90  ' 


3.00 
3.50 
3.20 
3.00 
2.90 


2.80 ; 

2.70  I 

2.60  I 

'  2.70 

I  2.00  ' 

^  2.60  ' 

2.60 

2.50 

2.50 

2.50 

2.60 

I  2.50  ' 

2.80 

2.70 

2. 60 

2.40 

2.60 

'  2.40 

I 

,  2.40 

I  2.30 

2. 20 

2.00 

2.00 

2.00 

\  2.00 

,  2.00 


1.90 
1.40 
2.20 
2.00 
1.90 
1.70 
1.70 
2.50 
3.80 
2. 70 
2.20 
2.00 
1.90 
1.80 
2.20 
2.70 
2.50 
2.30 
2.20 
2.10 
1.90 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.20 
1.20 


,  1.00 

1.00  , 

1.00  I 

'  2.20  I 

I  1.70  , 

1.70  ' 

I  1.50  , 

I  1.30  ' 


I  1.20  . 

1.10 

'  1.00  I 

2.50 

2.00 

1.90 

'  1.80 

I  1.70 

I  1.60  I 

!  1.  u) 

I  1.40 

I  J. 10 

'  1.10 

I  1. 10 

1.10 

1.10 

1.00 

1.00 

1.00 

2.30 

3. 50 

3.70 

2.80 


1.80 

1.40 

4.20  I 

3.70  1 

5.00  j 

3.80  , 

2.50  ' 

2.40  I 

1.90 

I 
1.50 

1.40  ' 

1.30 

1.00 

1.00  I 

2.00 

1.90 

1.20 

1.10 

i.:» 

1.20 
1.10 
1. 00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.20 
1.90 
2.40 
1.50 


1.40 
1.30 
1.20 
1.00 
1.00 
1.00 
1.20 
1.10 
1.00 
1.00 
1.00 
1.80 
2.90 
3.30 
2.90 
2.40 
2.00 
1.70 
2.20 
2.80 
2.90 
2.40 
2.10 
1.60 
3.00 
3.00 
3.40 
2.80 
2.60 
2.80 


2.70 
2.50 
2.00 
1.70 
2.00 
1.90 
1.80 
1.70 
1.60 
1.60 
1.60 
2,20 
2.50 
2.60 
2.10 
1.90 
1.70 
1.50 
1.70 
1.80 
1.60 
1.60 
1.60 
1.60 
1.60 
1.70 
2.10 
2.00 
1.90 
1.80 
1.70 


1.60 

1.70 

1.60 

1.90 

2.20 

2.10 

2.0O 

2.00 

1.60 

1.60 

1.50 

1.50 

1.50 

1.40 

1.40 

l.GO  ' 

1.60 

2.70  ' 

3.20 

2.90 

2.20 

2.0O 

1.70 

1.70 

3.30 

4.10 

8.30 

3.00 

2.40 

2.40 


3.50 

5.00 

5.30 

5.10 

4.90 

4-70 

2.  .50 

3.20 

S.O0 

2.90 

2.70 

2-40 

2-20 

2- -20 

2.10 

2-70 

3.00 

Z.Hi 

2.90 

2.40 

&00 

2,« 

2.  SO 

2.70 

2.  GO 

2.40 

2.10 

2.90 

2.90 

3.00 

3.00 


Rating  tattle  far  Alrtfit/  Rirer  uear  Cmington,  (ia.^  for  190-2. 


(lago 
height. 

Discharge. 
Stcmul-ffft. 

Gage 
height. 

Fcft. 

Discharge. 
Sfcond-ffet. 

Gage 
height. 

Fret. 

Discharge. 
Srrtmd-ftft. 

Gage 
height. 

1 
Discharge.  , 

Fdi. 

Fed. 

S(Cond-/fr(. 

1.0 

lOS 

;io 

808 

5.0 

688 

7.0 

1,068 

1.2 

121 

X  2 

84() 

5.  2 

72(5 

7.2 

l,10(i 

1.4 

VMS 

8.4 

884 

5.4 

764 

7.4 

1,144 

l.() 

152 

W.  (J 

422 

5.  6 

802 

7.6 

1,182 

1.8 

\m    : 

8.8 

460 

5.8 

840 

7.8 

l,22t) 

2.0 

187    ; 

4.0 

498 

6.0 

1           878 

8.0 

1,258 

2.2 

207 

4.2 

536 

6.2 

W16 

8.5 

1,;J53      I 

2.4 

220 

4.4 

574 

6.4 

954 

9.0 

1,448      1 

2.« 

252 

4.6 

612 

6.6 

992 

.    9.5 

1 ,  548 

2.8 

278 

4.8 

650 

6.8 

1,080 

1 

1 
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EMimaied  uundldy  discharge  of  AU'ovij  River  near  Coritu/imtf  Go. 

[DmiiiaKt*  ar^a.  228  square  miles,] 


Month. 


15K)2. 

January  

Febniarv 

Marrli 

April 

Mav 

June 

July 

AllJflL^t 

Septeiulwr 

OctolKT 

N<)veniV>er 

December 

Th«»  vfar 


Diseharjfe 

in  Kec'ond-ft 

'Ct. 

Run 

-off. 

Maximum. 

Miuimum. 

1 

Mean. 

1 

Seef)n<l- 
feet  per 
square    i 
mile.      ' 

Deptli  in 
inche^*. 

*>73 

2a=) 

391   ' 

1.72  1 

1 .  98 

2,170 

422  1 

(>75 

2.9(J 

:J.  08 

1 ,  54.S 

479 

754 

3.31   ' 

3.  82 

802 

308 

49() 

2.18  , 

2.  43 

403 

187  ' 

251 

1.10 

1.27 

4<)0 

121 

195 

.8<i 

.96 

441 

108  1 

I()3 

.71 

1 

.82 

(»S8 

108 

193 

.85  i 

.98 

;js4 

108 

2(H 

.89  1 

.99 

2()o 

144 

181 

.79 

.91 

517 

136 

212 

.93 

1.04 

745 

197 

:I44 

1.51 

1.74 

2, 1 70 


108 


.3.38 


1.48 


20.  02 


MlSt'EI.LANEOUS   MEASUREMENTS    IN    ALTAMAHA    I)UA1NA(JE    BASIN. 

The  foUowing^  niiscellaneous  moasurenieiits  wtMe  made  in  the  Alta- 
maha  drainage.  ))asin  during"  1902  In'  B.  M.  Hall  and   his  assistants: 


Date. 


stream. 


lioealitv 


Di.st^harKe. 


May       2      MicMle  Oconet^  Rivrr 


June 

July 

Julv 

Julv 
Julv 

Nov. 
Dec. 

Dei-. 
Dei-. 


27 

26 

26 

29 
30 

17 
17 

17  I 
17 


Chronee  River 


OiTiiulgee  River 

Little  Oeiuulgee  River,  or 
Aucheehachee  (^reek. 

Little  River 

Oconee  River 


Seromi-fcrt. 

Footof  TallaluiHiree Shoals,  7  inileH  836.5 

above  Athens  gaging  station, 
(leorgia. 

Park's  mill,  (Jeorgia  (niiniimnu  903 

stage).  ^ 

Southern  Railwav  bridge,  Lnni-         2,  'M\H 
her  City,  (ia. 

:]  mile  east  of  LumU'r  ( 'ity,  (ia. . .  2S5 


Oemulgee  River 

Little  Oemnlgee  River,  or 
Aucheehachee  Creek. 


Alligator  Crwk 
Oconee  Creek . . 


Near  Meriwether,  ( la 

Milledgeville,  (Ja.   (gage  height, 
4.  8  feet). 

Pittman'a ferry,  near  Flovilla,  (Ja. 

Near  Lumber  Citv,  (la 


2  miles  north  of  Lumlx^rCitv, (Ja. 
4  miles  from  Luml>er  City,  (Ja  .. . 


719 
3,  140 

795 
1 .  247 

279 
461 
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KASTKRX  (Wl.V  DRAINAGE. 

The  rivers  flowing  into  the  0Hst<M*n  |K)rtion  of  the  (lulf  of  Mexico 
are  for  the  most  part  siiiiihir  in  character  to  those  in  the  Southern 
Athmtic  drainatre,  thouji:h  in  their  h:)wer  courses  their  flow  is  UMially 
more  sUi<jgish.  In  this  report  the  rivers  in  this  section  from  which 
the  United  States  (ieoloj^ical  Survey  has  obtiiined  data  during  15M)2 
have  been  grouped  into  th(»  following  drainage  areas:  The  Apalachi- 
cola,  the  Mo})ile,  and  the  Pearl. 

APA1.ACI11COI.A    UIVFJl    DJlAlXACiK    UASIX. 

Apalachicola  River  is  formed  by  the  union  of  P^lint  and  C/hattahoochee 
rivers,  about  o  mil(\s  north  of  the  boundary  ))etween  Georgia  and 
Florida.  It  flows  across  (he  western  ])art  of  Florida  and  empties  into 
the  (rulf  of  M(»xico.  t'hattahoochee  Kiver  rises  in  the  northeastorn 
part  of  Georgia  and  flows  in  a  southwesterly  direction  until  it  reaches 
the  Alabama-Georgia  State  line  in  the  northern  part  of  Harris  C^ounty, 
Ga.;  hence  it  flows  south,  forming  the  boundary  between  Alabama 
and  (Georgia.  Flint  Kiver  ris(\s  in  the  west -central  part  of  Georgia 
and  flows  in  a  general  southerly  direction.  During  \9i):i  the  Ignited 
States  (j(H)logical  Sui'vey  maintained  the  following  stations  in  this 
basin,  und(»r  the  direction  of  H.  M.  Hall:  On  the  Flint  River,  at  Albany, 
and  near  Woodbury,  (la. ;  on  the  Cliattahoochee  River,  at  WestjK>int, 
at  Oakdale,  and  near  Gainesville,  (bi. 

FLINT    KIVEU  AT    AIJIANV,  OA. 

This  station  was  originally  establislied  by  the  l'nit<^d  State's  Weather 
Bureau  on  April  10,  1SI>:3,  and  has  been  maintained  from  that  date  to 
the  present.  The  gage  was  washcnl  out  and  n^placcnl  in  ISl^S.  It  was 
again  injured,  in  1902,  and  was  replaced  by  a  new  gage  on  rlune  IT, 
1902,  which  was  read  for  the  first  time  on  June  18.  The  new^  ffage 
was  set  9  inches,  or  seventy-five  hundredths  of  a  foot,  lower  than  the 
old  gage.  The  gage  as  it  existed  prior  to  June  17,  1902,  is  descril>ed 
in  Watcr-Supply  Pai)er  No.  4S,  on  page  156.  R.  V.  Watson  was 
employed  by  the  Weather  Bureau  to  make  and  set  the  new  gage,  and 
it  appears  from  Mr.  Watson's  description  of  this  gage  on  Juno  17, 
1902,  that  a  certain  })ench  mark  cut  in  the  lower  iron  pier  of  the  county 
bridge  and  described  in  Paper  No.  -18,  above  referred  to,  as  being  10  feet 
above  zero  of  gage,  was  in  reality  only  9  feet  and  8  inches  alK)ve  the 
zero  of  the  old  gage.  As  Mr.  Watson  set  the  new  gage  10  feet  below 
this  bench  mark,  its  zero  is  9  inches  lower  than  that  of  the  old  gage. 
The  gage  heights  have  })een  corrected  from  January  1  to  June  17, 
1JM)2,  inclusive,  to  correspond  with  the  new  gage,  so  that  one  rating 
table  will  apply  to  the  whole  year. 
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Albany  station  is,  and  has  always  been,  a  Weather  Bureau  station, 
and  John  E.  Clark  has  been  the  observer  for  years.  Discharge  meas- 
urements were  begun  by  the  United  States  Geological  Survey  in  1901. 

The  following  is  Mr.  Watson's  description  of  the  present  gage: 
The  name  of  the  bridge  to  which  the  gage  is  attached  is  the  Dough- 
erty County  Flint  River  bridge,  located  at  Albany,  Ga.  The  gage 
is  in  three  parts  or  sections.  No.  1  is  attached  to  the  crib  around  the 
middle  piers  (the  crib  is  filled  with  rocks,  being  30  by  14  feet),  and 
extends  about  3  feet  above  ordinary  low  water.  This  section  reads  to 
4  feet  above  zero.  It  is  securely  spiked  to  the  wooden  crib.  Section 
No.  2  is  securely  spiked  to  a  green  cypress  tree  just  above  the  bridge 
on  the  west  bank  of  the  river  and  shows  17  feet,  beginning  at  2  feet 
above  the  zero  on  No.  1.  No.  3  is  securely  spiked  to  a  cedar  post  16 
feet  high,  the  post  being  put  3  feet  into  the  firm  ground.  This  section 
begins  at  17  feet  above  the  zero  on  No.  1  and  reads  to  32  feet,  which 
is  about  2i  feet  above  any  high  water  known  since  1840.  The  gage  is 
subdivided  into  feet  and  tenths. 

The  main  bench  mark  is  a  chisel  cut  on  the  downstream  iron  pier  on 
the  west  bank.  This  cut  is  10  feet  above  the  low  water  of  1888,  at 
which  time  the  river  was  lower  than  had  been  known  for  years.  The 
zero  of  the  new  gage  is  10  feet  below  this  ))ench  mark,  this  being  9 
inches  lower  than  originally. 

The  following  discharge  measurements  were  made  during  1902  })y 
M.  R.  Hall  and  W.  E.  Hall: 

June  25:  Gage  height,  1.90  feet;  discharge,  3,386  second-feet. 
June  25:  Gage  height,  1.90  feet;  discharge,  3,440  second-feet. 
September  26:  Gage  height,  1.2  feet;  dischaige,  2,492  second-feet. 
December  4:  Gage  height,  6.11  ft^t;  discharge,  8,006  second-feet. 

Jhtilij  gage  fieightj  mfeetj  of  Flint  Hirer  at  Alhauxfy  da.,  for  190 J. 


Day. 


1902. 


1. 
2, 

3. 
4. 
5. 
6. 
7. 

9. 
10. 
11. 
12. 

i;{. 

14. 

\s. 

16. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

.Sept. 

Oct. 

Nov. 

DfC. 

6.80 

3.80 

9.60 

8.90 

4.80 

4.30 

2.60 

3.00 

2.30 

2.20 

1.80 

2.20 

6.10 

5.00 

11.80 

9.30 

4.80 

3.60 

2.30 

3.00 

2.00 

2.00 

1.70 

3.60 

6.70 

G.80 

15.00 

9.80 

4.90 

2.80 

2.00 

2,80 

1.80 

1.80 

1.60 

4.20 

6.90 

9.00 

19.60 

9.80 

5.10 

2.60 

2.00 

2.40 

1.60 

1.70 

1.70 

6.10 

6.80 

11.90 

20.90 

10.50 

5.00 

2.  .50 

2.20 

2.40 

1.60 

1.70 

1.50 

7.30 

6.00 

12.60 

22.70 

10.80 

5.10 

2.  .50 

2.10 

2.50 

1.40 

1.80 

1.10 

7.90 

7.50 

13.30 

22.90 

9.90 

4.80 

2.60 

1.80 

2.80 

1.60 

1.70 

.60 

8.20 

8.:^ 

14..% 

19.70 

8.80 

4.60 

2.90 

1.70 

3.10 

1.40 

1.30 

.40 

8.90 

9.10 

14.80 

17.60 

8.70 

3.90 

4.10 

1.70 

3.10 

1.80 

1.40 

.20 

9.40 

9.90 

16.90 

15. 10 

7.90 

3.70 

4.10 

1.60 

2.90 

2.50 

1.20 

.10 

9.90 

10.80 

16.10 

11.20 

7.80 

3.80 

4.30 

1.40 

2.70 

3.20 

1.00 

.40 

10.40 

12. 10 

14.00 

10.40 

7..T0 

3.(>0 

4.50 

1.10 

2.70 

3.20 

.90 

.60 

9.70 

13.30 

11.90 

9.80 

7.20 

3.50 

4.50 

1.30 

2.50 

3.40 

.80 

.90 

8.20 

13.80 

10.40 

9.50 

7.20 

3.10 

4.90 

1.50 

2.90 

3.40 

.70 

.90 

7.60 

14.  .W 

7.80 

8.90 

7.00 

2.(W 

4.80 

2.20 

3.80 

3.60 

.70 

1.10 

6.40 

H.30 

6.90 

11.. TO 

7.  TiO 

2.50 

4.50 

2.10 

3.60 

3.90 

.70 

.80 

,    6.00 
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Dailt/  yage  heigJdy  injeet^  of  Flint  River  ai  AUKiny,  Ga.^foT  1902 — Continue*!. 


Day 


17 

1902. 

12. 

18 

10. 

19.... 

. 

....    10. 

20.... 
21... 

....      9. 

. . . . '    8. 

•22 

.  •  .  •           f  . 

23 

6. 

24 

5. 

25.... 

26. . . . 

27. . . . 

28 

29 

1        A 

30 

1         . 

31.... 

....     3. 

Jan. 


10 
80 
10 
TO 
60 
10 
50 
10 
60 
40 
30 
90 
30 
20 
90 


Feh. 


6.60 
6.00 
7.60 
7.80 
8.90 
9.80 
10.30 
9.70 
8.80 
8.10 
7.  TO 
7.90 


Mar.     Apr, 


May 


16.30 

1.60 

2.60 

17.00 

7.50 

3.00 

15.60 

7.60 

3.30 

14.10 

7.  TO 

3.60 

12.  TO 

7.90 

3.10 

11.70 

8.00 

2.  TO 

11.40 

8.10 

2.50 

10.  TO 

7.90 

2.60 

10.70 

7.  TO 

3.10 

10.50 

7.60 

3.  .50 

9.90 

6.  TO 

3.60 

9.60 

6.50 

3.  TO 

9.60 

5.60 

4.30 

8.70 

4.  TO 

4.60 

7.90 

4.60 

June. 

July. 

4.90 

2.00 

4.80 

1.90 

3.90 

l.TO 

3.70 

l.TO 

3.10 

l.TO 

2.  TO 

1.90 

2.60 

2.20 

2.  TO 

2.60 

1.90 

2.90 

2.30 

2.90 

2.20 

3.20 

2.20 

8.40 

2.00 

3.40 

2.00 

3.40 

3. '20 

-  - 

- 





Aug. 

Sept. 

Oct. 

Nov. 

Dif. 

3.40 

4.  TO 

.60 

.60 

5.40 

3.40 

4.40 

.70 

.40 

5.10 

3.20 

3.90 

.60 

.40 

4.70 

3.10 

3.70 

.40 

.30 

4.40 

2.90 

3.90 

.90 

.10 

4.90 

2.20 

4.10 

1.20 

.20 

5.50 

2.10 

4.00 

1.30 

.40 

5.70 

1.90 

4.00 

l.TO 

.40 

5.  TO 

1.90 

3. -20 

1.90 

.50 

6.10 

l.TO 

1.20 

2.10 

.60 

6.W 

2.00 

2.  TO 

2.00 

.90 

6.90 

2.20 

2.40 

l.TO 

.90 

7.10 

2.40 

2.20 

1.70 

1.30 

6.60 

2.40 

2.00 

1.60 

l.TO 

.S.70 

2.30 

■■•«•■ 

1.90 

4.80 

Rniiug  table  Jor  Ffiiti  River  at  Albany y  da. ^  for  1902, 


I      <iago 
I    height. 


Frd. 
0.2 

.4 

.6 
.8 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 
2.  2 
2.4 
2. « 
2.8 
8.0 
8.2 
8.4 
8.6 


Discharge. 

Sccond-Je^t. 
'  1,495 
\  1,720 
1,945 
2,170 
2,  895 
2, 620 
2,  845 
8, 070 
8,  2^)5 
8, 520 
8,  745 
8, 970 
4, 195 
4,420 
4,645 
4,870 
5, 095 
5, 820 


(tago 
height. 


Fni. 
.8.8 
4.0 
4.2 
4.4 
4.6 
4.8 
5.0 


5.  2 


5.4 
5.6 
5.8 
6.0 
6.2 
6.4 
6.6 
6.8 
7.0 


7.2 


Diwhurgc*. 

Srcond-fcet. 
5, 545 

5,  770 
5, 995 

6,  220 
6, 445 
6, 670 

6,  895 
7,120 

7,  845 
7, 5fK) 

7,  795 
8,020 

8,  245 

8,  470 
S,  695 
8, 920 

9,  145 
9,  870 


(frtgo 
height. 

I)i.«M'harge. 
Stffmd-feet. 

Gage 
height. 

Ftrt. 

Diflohan^. 

Fr<t. 

Sccond-frrt. 

7.4 

9, 595 

'      11.0 

18,64,5 

7.6 

9,820 

11.5 

14,208 

7.8 

10,045 

12.0 

14, 770 

8.0 

10,270 

12.5 

15, 333 

8.2 

10,495 

13.0 

15, 895 

8.4 

10,  720 

18.5 

16, 458 

1 

8.6 

10,945 

14.0 

17,020 

8.8 

11,170 

14.5 

17,583 

9.0 

11,895 

15.0 

18, 145 

9.2 

11,620- 

15.5 

18,708     , 

9.4 

11,845 

,     16.0 

19, 270 

9.6 

12,070 

'     17.0 

20,3»5 

9.8 

12,2<)5 

1     18.0 

21,520 

10.0 

12,520 

;     19.0 

22, 645 

10.2 

12,745 

20. 0 

28.  770 

10.4 

12,858 

21.0 

24.895 

10.6 

18, 195 

22.0 

26. 020 

10.8 

18,420 

28.0 

27, 145      1 

1 
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EMimatM  mouthlij  (iisrh<injf  of  Flint  Rim'  at  AUminj^  (in. 
[Draimige  area.  o.ilOO  s^iuare  mile>*.] 


J)iseharge  in  neeond-feet.  Run-off. 

I 
Month. 


1902. 

Januarv  .' 17, 583 

February 19,  :^3 

Mart;h 27 ,  033 

April 1 3, 420 

May 7, 008 

June 6,  783 

July 5,095 

Augn^it 5, 545 

Septeml>er ,  (>,  220 

OctoTjer (  3,  745 

November '  3,  295 

Decenil)er 12,970 

The  year 27,033 


Miniinuni. 

Menn. 

Second- 
feet  per 
wiutire 
mile. 

Deptli  in 
inehe.M. 

5,  658 

10,472 

2.09 

2.41 

5, 545 

12,279 

2.46 

2.56 

10, 158 

16,251 

3.  25 

3.  75 

(J,  670 

10,  274 

2.  05 

2.29 

4,080 

5,  509 

1.  10 

1.27 

3, 4a5 

5, 020 

1.00 

1.12 

2, 505 

3,  737 

.75 

.86 

3, 2V)5 

4,  296 

.86 

.99 

2, 620 

4,442 

.89 

.99 

1,720 

2,  793 

.5«5 

.65 

1,380 

2, 1 76 

.44 

.49 

3,  745 

8,  565 

1.71 

1.97 

1,380  ! 

7, 151 

1.43 

19.35 

FLINT  RIVER  NEAR  WOODBURY,  C;A. 

Aleasiirements  of  the  flow  of  Flint  River  were  made  during  1897 
and  1S98  at  Molina,  Ga.,  but  the  river  bed  was  so  shifting  that  the 
.station  was  discontinued  on  June  2,  1898.  Two  measurements  were 
made  in  1899  at  the  Macon  and  Birmingham  Railroad  bridge,  near 
Woodlmiy,  Ga.,  5  miles  below  the  Molina  station.  On  March  29, 
1900,  a  gage  was  put  in  near  this  bridge,  and  the  station  was  reestab- 
lished. The  gage  is  a  vertical  rod,  fastened  to  a  willow  tree  on  the  left 
bank  of  the  river  about  300  feet  above  the  bridge.  The  bench  mark 
is  the  top  of  the  iron  girder  under  the  cross-ties  at  a  point  12  feet  to 
the  left  of  the  center  pier,  and  is  27  feet  above  the  zero  of  the  gage, 
the  zero  of  the  gage  being  659.6  feet  above  sea  level.  This  gage  was 
maintained  by  the  Georgia  geological  survey  until  November  1,  1900, 
when  it  was  adopted  by  the  United  States  Weather  Bureau  instead  of 
the  one  at  Re\'nolds,  Ga.  The  observer  is  J.  C.  Wright,  a  farmer 
living  near. 

This  statioh  is  at  the  head  of  a  series  of  shoals  and  rapids,  having 
an  aggregate  fall  of  334  feet  in  a  distance  of  45  miles,  a  map  and  pro- 
file of  which  is  published  in  Twenty-second  Annual  Report,  part  4. 
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The  following  discharge  mcasiircincnts  were  made  during  li^02; 

June  30:  (iage  height,  0.00  feet;  disohaiige,  292  second-feet. 
July  16:  Gage  height,  1.20  feet;  discharge,  1,226  second-feet. 
July  31:  Gage  height,  0.12  foot;  discharge,  829  second-feet. 
October  6:  Gage  height,  1.45  feet;  discharge,  1,520  second-feet. 

Daily  gage  heigfUy  hifeH,  of  Flint  River  near  Woodbury y  (la. 


Day 


Jan.  I  Fob.     Mar.     Apr.    May.  Jiiiu'.   July.    Aug.    Sept..  Oct.    Nov.'  l>ec. 


1902. 


1. 
2. 
3. 
4. 


5. 


6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
IC. 
17. 
18. 
19. 
20. 
21. 
22. 
28. 
24. 
25. 
26. 
27. 


8.00  I 
5.00  ' 
2.90 
2.00 
1.60 
1.40 
1.30  ' 
l.'JO 
1.20 
1.10 
1.20 
1.10  I 
1.00  1 
.90  ' 
1.00  I 
1.00  I 
1.00  1 
1.00  I 
1.00  : 
1.10  I 
1.20  . 
1.60  I 
l.oO  I 
1.30 
1.20  I 
1.30  1 
1.20  ! 


3.20 
8.50 
11.00 
9.50 
8.00 
3.60 
2.50 
2.00 
1.70 
1.60 
1.50 
1.40 
1.30 
1.30 
I.  GO 
1.80 
1.80 
l.GO 
1.50 
1.60 
1.90 
1.80 
1.70 
1.60 
2.00 
2. 50 
2.60 


28 1.20  1  H.OO 

29 1.30  ' 

30 1.20    

31 1.50  ! 


12.00 
11.00^ 
9.50  I 
5.40 
3.00 
2.50 
2.30 
2.10 
1.90 
1.80 
1.70 
l.(M) 
l.GO 
2.00 
2.30 
2.80 
10.00 
9.00 
6.70 
4.00 
2.50 
2.30 
2.10 
2.00 
2.70 
2. 50 
2.40 
4. 50 
8.00 
8.50 
6.80 


4.60 
2.90 
2.30 

2.00 ; 

1.90 
1.80 
1.70 
2.80 
2.70 
2.30 
1.90  , 
1.70 
1.50  ' 
1.50  1 
l.liO  I 
1.50  I 
1.60  I 
2.80  ' 
2.40  1 
1.90  I 
1.60  i 
1.40  I 
1.30  I 
1.20  ! 
1.30  I 
1.40  I 
1.30  I 
1.20  I 
l.iO  I 
1.10  ! 


1.00 

1.00 

.90 

.80 

.80 

.70 

.70 

.70 

1.20 

.90 

.80 

.70 

.60 

.80 

.70 

1.70 

2.30 

1.70 

1.40 

1.20 

.90 

.80 

.70 

.60 

.60 

.50 

1.60 

.50 

.40 

.40 


0.40 
.50 
.80 
.60 
.50 
.40 
.30 

1.80 
.90 
.W 
.50 
.40 
.30 
.30 
.40 

1.00 
.80 
.60 
.50 
.40 
.30 
.30 
.30 
.20 
.20 
.10 
.10 
.10 
.10 
.00 


0.10 
.00 
.00  I 
.20 
.10 
.10 
.10 
.20 
.10 
.20 
.30 
1.90 
1.00 
.60 
.70 
1.30 
.70 
.30 
.20 
.10 
.00 
.10 
.10 
.00 
.00 
.00 
.00 
.00 
.10 
.20 
.10 


0.10 
.10 
.00 
.20 
.70 
1.50 
1.10 
.60 
.30 
.20 
.10 
.80 
.60 
.30 
.20 
.40 
.20 
.10 
.00 
.00 
.00 
.50 
.20 
.10 
.00 
.00 
.00 
.50 
1.30 
1.20 
.40 


0.40 

.30 

.20 

.30 

.70 

.40 

.20 

.10 

.20 

.30 

.40 

.20 

.10 

.10 

.10 

.00 

.00 

.10 

.10 

.00 

.00 

.00 

.00 

.00 

1.50 

l.tU) 

1.50 

1.40 

1.30 

1.80 


1.40 

1.20 

.90 

.60 

1.10 

1.60 

.80 

.40 

.30 

.20 

.40 

.60 

.60 

.40 

.30 

.30 

.20 

.20 

.10 

.10 

.20 

.20 

.10 

.10 

.00 

.20 

1.00 

1.50 

2.00 

1.70 

1.40 


1.20  I 

.50  , 

.40  I 

.30  < 

.40  ! 

.50 

.90 
l.,30 

.90 

.60  , 

..50 

.40 

.40 

.30 

.30 

.20 

.40 

.90 

.80 

.80 

.70 

.60 

.do 

.40 

.40 
2,90 
2.80 
2.00 
1.60 
1.00 


1.80 
1.70 
2.30 
3.20 
3.00 
2.30 
1.60 
1.30 
1.20 
.«» 
.80 
.90 
1.00 
.90 
.SO 
1.00 
2.00 
2.90 
3.00 
2.00 
1.40 
1..50 
1.60 
1.40 
1.90 
1.20 
1.10 
1.00 
1.10 
1.20 
1.30 


KBWKLL.] 


APALACHICOLA    RIVER   DRAINAGE    BASIN. 


119 


Rating  tabic  for  Flint  River  near  WtHjdhuri/j  (ia.^fnr  WU, 


F*»t. 

Struuil-/nt. 

t\tt. 

Stcotid-fctt. 

Frrt. 

S*  riiwi-fn  t . 

Fnt. 

St'voml-ft  *  t 

0.0 

2iK) 

2.6 

2,  ^\\() 

5.  2 

6,  880 

7.8 

12,750 

o 

:mk) 

2.8 

,       3,  150 

5.4 

7,  260 

8.0 

13,250 

.4 

470      : 

1 

3.0 

3,410 

5.  6 

7,640 

8.2 

1 

13,750 

.« 

()20 

3.2 

3,  680 

5.8 

8, 040 

8.4 

14, 250 

.« 

800 

3.4 

3,960 

6.0 

8,  450 

8.6 

14,750 

1.0 

1,005 

3.6 

4,  240 

6.2 

8,880 

8.8 

15,250 

1.2 

1,225 

3.8 

4,  540 

6.4 

9,  320 

9.0 

15,  750 

1.4 

1 ,  455 

4.0 

4,840 

,       6.6 

9,  780 

9.2 

16,250 

l.<> 

1,685 

4.2 

,       5,  160 

'       6.8 

10,260 

9.4 

1(5,  750 

l.H 

1,91>0 

4.4 

5,  480 

7.0 

1 

10,750 

9.6 

17,250 

2.0 

2,  HJO 

4.6 

5,  820 

i       7.2 

11,250 

9.8 

17,750 

2.  2 

2,  4(W 

4.8 

6, 1(K) 

7.4 

11,750 

''     10.0 

18,250 

2.4 

2,  fJ40 

5.  0 

6,  520 

7.6 

12,  250 

11.0 

21,250 

Ji^hnated  monihly  discharge  of  Flint  River  near  ]\\H>d}nmfj  da. 

[DrainHKO  area,  9S8  s<iuurt»  miles.] 


Month. 


1902. 


DiKcharge  in  Hooond-feot. 


Maximim!.     Minim  iini. 


Mean. 


Ruii-olT. 


Seoond- 

feet  per     I)ei)th  in 
Hquaro        inches, 
mile. 


January  . . 
February  . 

March 

April 

May 

June 

July 

AugH><t 

St»ptenil>er 

()etolx»r 

Novenil>er 
lH»oenilK*r 


Tho  year 


13,250 

900 

1 

,891 

1.91 

2.  20 

;{0,  250 

i,:wo 

5 

143 

5.  21 

5.  43 

24,  250 

l,6a5 

« 

721 

6.  80 

7.84 

5,  820 

1,115 

2 

042 

2.07 

2.  31 

2, 520 

410 

934 

.  95 

1.10 

1 ,  920 

2SK) 

552 

.  56 

.62 

2,  040 

290 

470 

.48 

.  55 

1,570 

290 

512 

.  52 

.60 

1 ,  920 

2^H) 

«M)9 

.62 

.69 

2,  ir>o 

2SH) 

752 

.7(i 

.88 

3,  280 

3(W)  ' 

900 

.91 

1.02 

3,  680 

8(X) 
2«H) 

1, 
1, 

(i76 
850 

1.70 
1.87 

1.96 

.30,  250 

25.  20 

CHATTAHOOCHEK    KIVER   AT   WKST    POINT,  GA. 

This  station  was  established  on  July  »^0,  1890,  by  Max  Hall,  and  is 
at  the  highway  bridge  at  West  Point,  (xa.,  about  1,2<m)  ftvt  above 
the!  i*ailroad  passenger  station.     A  chain  gag(».  is  suspended  from  the 
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wtrp:am  measurements  in  19()2,  part  ti. 


[so.  KL 


})rid*ife  and  roiVrrcKl  to  two  ])eiu'h  inai*ks.  The  first  hencli  ]iiai*k  i.s 
the  top  of  tho  (lownstrouiii  end  of  the  second  iron  li(M)r  heain  from  the 
west-hank  i)ier  of  the  hijifhway  })ridj(e;  elevation,  24. 11>  feet  alK)ve 
datum.  The  second  l)ench  mark  is  a  notch  in  a  large  oak  tree  on  the 
east  bank  of  the  river,  100  feet  above  the  wagon  bridge;  elevation, 
19.20  feet.  The  length  of  the  chain  gage  is  27.  GO  feet.  The  chanm^I 
is  straight  ar.d  has  no  obstructions  except  the  piers  of  the  bridge.  The 
flow  is  sluggish  at  low  f.tages  of  water.  The  banks  overflow  at  high 
water,  but  all  ordinary  stjiges  of  water  pass  through  the  main  chan- 
nel. The  l)(»d  of  the  stream  is  fairlv  constiint.  The  observer,  K.  X. 
Dunn,  is  paid  bv  the  United  States  Weather  Bureau. 

This  station  is  situated  at  the  head  of  a  series  of  shoals  and  rapids, 
having  an  aggregate  fall  of  8()8  feet  in  a  distance  of  8.5  miles,  as  sur- 
veyed under  the  direction  of  B.  M.  Hall  in  August,  1902. 

Th<»-  following  discharge  measurements  were  made  during  1902: 

January  15:  (Jage  height,  3.50  feet;  discliarge,  4,364  second-feet. 
July  25:  Ciage  height,  2  feet;  discharge,  1,916  necond-feet. 

Jhuhj  ffnge  heiglity  hifeet^  of  ChdUahoochet'  Hirer  at  Wrst  Pointy  (in. 


imy. 

.Thii. 

1 

1902. 

19.00 

9 

n.Tio 

3 

s.  :w 

1 

7.50 

T) 

r».  10 

fi 

4.70 

/........... 

4.20 

8 

4.10 

u 

4.00 

10 

3.90 

11 

3.  SO 

12 

3.70 

i;j...  . 

3.  a) 

14 

3.  10 

15 

3.40 

ic 

3.  :}o 

17 

3.30 

IH 

19 

20 

:i.20 
3.  ."H) 
3.110 

21 

2** 

5.  U) 
5.  (H) 

23 

4.;jo 

24 

3  .HO 

25 

3. 70 

26 

3.  70 

27 

3.  (.0 

2}< 

4.50 

29 

4.10 

30 - 

4.  10 

31 

--    

4.*.M) 

Feb.      Mar.      Apr.     May.   June. 


7.70 
15. 50 
17.10 
14.90 
9.20 
7.50 
5.40 
5. 20 
4.70 
4.30 
4.00 
4.00 
4.00 
3.  90 
4.C.0 
5.  30 
4.90 
4.40 
4.:V< 
4.iiO 
4..')0 
4.20 
4.10 
4.00 
4.(iO 
4.70 
4.90 
IS.  00 


20.00 
17.30 
17. 00 
15.90 
S.40 
(1. 70 
5. 90 
5. 00 
5.  40 
5. 20 
5.00 
4.90 
<*..  30 
5.90 
0.10 
«.  70 
16.20 
11.40 
H.SO 
7.00 
o.'iO  I 
5.  30 
4.90 
5. 10 
6.(X)  I 
6.20  ' 

6.40  ! 

I 

11.40  I 
14.90  I 
14.90 
n.60 


14.00 
8.30 
6.10 
5.  .')0 
5.30 
5. 40 
5.50 
6.20 
5.10 
4.90 
4.70 
4.70 

4.r>o 

4.r)() 
4.50 
4.50 
4.50 
5.50 
4.90 
4.70 
4.50 

4.:jo 

3.90 
3.90 
3.90 
3.  .SO 
3  SO 
3  1K> 
3.  W 
4.00 


I  4.00 
>  4.00 
4.70 
4.40 
'  4.00 
I  3.90 

I  :i.so  I 

3.70  ' 

I  1 

3.  .SO 

I  4.  IX) 

'  3.90 

3.  HO 

3.  SO 

I  3.70 

I  3  60 

4.40 

I  4.20 

I  3.90 

:?.H0 

3.70 

3.  fiO 

3.50 

3.50 

3.  40 

3.  'M 

3.  M) 

3.;{0 

3  20 

.{  10 

3.00 

2  W 


July.  '  Aug.   Sept.    Oct.    Nov.    l>fO. 


4.60 

3.50 

:}.30 

3.10 

2.90 

2.90 

2.80 

2.80 

I 
2.  70  , 

2.70  I 

2.70  I 

2.60  j 

2.60 

2.(50 

2.tW  , 

2.50  ' 

2.50  ! 

2.90  ' 

2.70 

2.80 

2. 90 

2.80  I 

2.70  I 

2.  50 

2.40 

2.:J0 

2.30 

2  20  ' 

2.20 

2.10 


2.00 

3.10 

2.80 

3.80 

2.00 

3.60 

2.00 

2.30 

2.20 

3.20 

2.00 

3.70 

1.90 

2.10 

2.10 

2.90 

2.00 

7.00 

2.70 

2.00 

2.20 

2. 40 

2.00 

6.70 

2. 50 

2.20 

3.00 

3.00 

2.00 

7.40 

2.  HO 

2.40 

2.80 

3.00 

5.70 

5.50 

2. 60 

3.10 

2.40 

2.(K) 

4.30 

4.40 

2.40 

2.40 

2.00 

2.  (U) 

3.:« 

3.K) 

2.30 

2.10 

2.:» 

2.50 

3.30 

3.40 

2.20 

1.80 

2.00 

2. -20 

2.70 

3. -20 

3.20 

2.00 

2.20 

2. '20 

2.50 

3.00 

3.00 

1.80 

2.20 

2.60 

2.40 

3.00 

3.  «;o 

2. 10 

2.:«) 

2.50 

2.30 

3.00 

3.40 

2.30 

2.30 

2.70 

2.30 

3.00 

3.20 

2.00 

2.50 

2.80 

2. '20 

2.90 

3.10 

1.70 

2. 50 

S.40 

2,20 

7.00 

3.00 

2.00 

2.30 

2. 40 

2.20  , 

10.10 

3.90 

2.10 

2.00 

2.40 

2.40  - 

7.60 

3.60 

1.90 

1.90 

2. -20 

2.70  ' 

6.10 

3.30 

1.60 

1.90 

2.10 

2.70 

4.50 

3.80 

1.60 

2.00 

2.00 

2.70 

3,W 

3.40 

1.60 

1.90 

2.00 

2.50  1 

4.50 

3. 30 

1.80 

2.10 

2.00 

2.30 

4.40 

3. 20 

1.50 

1.90 

2.00 

2.30 

r*.  00 

2.00 

1.40 

3.00 

1.90 

2.30 

4.10 

1.90 

1.-20 

3.30 

1  90 

5. 70 

8.70 

1.90 

1  30 

5.30 

3.40 

4.90 

3.40 

i.SU 

1.50 

5.00 

:i.20 

4.50 

3  30 

2.00 

:\  00 

4.50 

2.70 

3  ^lO 

3.20 

2  ll) 

4  10 

3.80 

2.  -20 

3.00 

3.70 

2.  40 

3.00 

2.10 

4.10 
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UtU'nuj  tnhlv  fm'  Ch'UtnhtHK'fice  River  at  Went  Poiiti,  (ro.^  for  /!*0J. 


GaKO 


1.0 
1.2 
1.4 
l.H 
l.S 
2.0 
2.  2 
2.4 
2.« 
2.K 

:i.o 
:\.2 

3.4 
3.« 
H.  ft 
4.0 


DLMC'haixc. 

Srrfmd'fref. 
935 
1,000 
1,180 

i,:^80 

1,600 
1,840 
2,100 
2, 380 
2,680 
3,000 
3,340 
3,700 
4,080 
4,480 
4,920 
5,  370 


height. 


Feet. 
4.2 
4.4 
4.6 

4.8 
5.  0 


5.2 


5.4 
o.  b 
5.8 
6.0 
6.2 
6.4 
6.6 
6.8 
7.0 


7.2 


DischarK*'. 

Srntnd-/tt  t. 

5,  880 

6,400 

6,940 

7,490 

8,040 

8, 592 

9,144 

9,69<5 

10,  248 

10,800 

ll,:i52 

11,904 

12, 456 

13, 008 

13,5(U) 

14,112 


Gago 
height. 


FM. 
7.4 
7.6 
7.8 
8.0 
8.2 
S.4 
8.6 
8.8 
9.0 
9.2 
9.4 
9.6 
9.8 
10.0 
10.2 
10.4 


DiHcharg*'. 

Sf<'ond-frft. 
14,  (i64 


15 

15 

16 

16 

17 

18 

18 

19 

19 

20 

21 

21 

22 

22 

23 


240 

820 
400 
980 
5t)0 
140 
720 
300 
880 
4<50 
040 
620 
200 
780 


(tuge 
lii-ight. 


F(fi. 

10.6 

10.8 

11.0 

12.0 

12.5 

IS.O 

13.5 

14.0 

14.5 

15.0 

15.5 

16.0 

17.0 

18.0 

19.0 

20.0 


DiM'harg^. 

Stamd-jcfi. 
23, 940 
24, 520 
25, 100 
28,800 
.SI,  110 
:^^,410 
35,710 
38, 030 
40,  330 
42,  (m) 
44, 9.30 
47,  230 
51,  8;  W 
.5(>,  4.30 
61,030 
(>5,  (viO 


KMhrniifd  monthly  discharge  of  ( 'hatiahoochee  Hirer  at  Weni  Point,  (Ju. 

[Drainage  area,  3,300  square  ralles*.] 


Discharge  in  secoiui-feet. 


Mcinth. 


Maximum.     Minimniii. 


Mi'aii. 


Run-off. 


Set'ond- 

feet  |>er     Depth  in 

square       inehes. 

mile. 


1902. 

January 

February 

March 

April 

Mav 

June 

Julv 

Auj»Ui<t 

SeptenibtT 

()€tol)er 

Novemlier 

Deceuilx^r 

The  year  . . . 


61,0.30 

3,  700 

9, 585 

2.90 

3. :« 

56, 4:«) 

5, 145 

13,852 

4.20 

4.37 

♦i5, 630 

7,765 

21,982 

6.66 

7.68 

.38, 030 

4, 920 

8,  231 

2.49 

2.78 

7,215  , 

1 

3,170 

4,791 

1.45 

1.67 

6,940 

1,970 

2,  9(i2 

.90 

1.00 

.5, 145 

1,()00 

2, 988 

.91 

i.a5 

5,  625 

1,000 

2,  OkW 

.62 

.71 

8,8()8 

1 ,  720 

2,  96.3 

.90 

1.00 

4,  920 

1,720 

2,  (503 

.79 

.91 

9, 972 

1,840 

3, 4(i0 

1.05 

1.17 

22, 490 

3,170 

7,187 

2.18 

2. 51 

()5, 6.30 

1,000 

6,  889 

2.09 

28. 19 
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lNO-83. 


CHATTAHOOCHEE    RIVER   AT    OAKDALE,  (;A. 

Thi.s  stiition  wiijs  established  at  Oakdale  by  Cyrus  C.  Babb,  on  Octo- 
ber 17,  1895.  It  is  described  in  the  Eighteenth  Annual  Report,  part 
4,  page  S5.  It  is  located  at  the  Southern  Itailway  bridge,  1  mile 
above  the  mouth  of  Proctor  Creek  and  8  miles  northwest  of  Atlanta. 

On  July  80,  l8i)t),  the  location  of  the  station  was  changed  to  Mason 
&  Turners  ferr}',  1  mile  below  Oakdale.  The  gage  at  this  point, 
known  as  the  "Oakdale  lower  giigQ^^^  is  nailed  to  a  tree  on  the  right 
bank,  100  feet  below  the  ferry,  and  set  1  foot  lower  than  the  gage  at 
the  Southern  Railway  bridge.  On  June  1,  181)9,  the  lower  gage  was 
discontinued  and  the  upper  gage  resumed  and  adopted  b}"  the  United 
States  Weather  Bureau^  the  United  States  Geological  Survey  still 
receiving  the  records  and  making  current-meter  discharge  measure- 
ments at  that  point.  The  gage  now  used  is  set  on  the  same  datum  as 
the  old  wire  jraife  of  the  United  Stiites  Geological  Survev,  established 
at  that  point  by  Mr.  Babb  in  1805,  and  above  referred  to,  but  is  a  ver- 
tical tim))er  rod,  bolUid  to  the  east  side  of  the  center  pier  of  the 
Southern  Railway  ))ridge.  It  is  well  painted  and  is  graduated  to  feet 
with  brass  figures  and  to  tenths  with  copper  nails  from  —1.5  feet  to 
+i2().5  feet,  making  its  total  length  2S  feet.  Its  zero  ptoint  is  753.5 
feet  above  sea  level.  Bench  mark  No.  1  is  a  railroad  spike  in  the  cor- 
ner of  the  pier  on  the  right  bank,  12.39  feet  above  datum  of  gage. 
The  flow  is  obstructed  bv  rafts,  which  have  to  be  cleared  from  the 
channel  occasionally.  The  channel  is  straight  and  the  current  swift. 
The  banks  are  subject  to  overflow.  The  bed  of  the  stream  is  constant 
and  the  results  obtained  fairly  good. 

The  observer  is  Glenn  H.  Thomas,  an  employee  in  the  office  of  the 
Whittier  mills,  about  300  ^^ards  east  of  the  gage. 

Dischnnje  memniremevts  of  ( yhattahoorlue  River  at  (>akd(ile,  Ga. 


l>ato 


1902. 


Hy(ln)gnipher. 


Jan.  14 K.  T.  Thomas 

Jan.  25 |  \V.  E.  Hall... 


Feb.  '^ 

Feb.  4 

Jnne2a 

July  10 

Sept.  1<5 

Nov.  1 J.  G.  Conn 

Nov.  20 W.  K.  Hall 


K.  T.  ThoiniiM 

....do 

W.  K.  Hall  ... 

Max  Hall 

....do 


(^ age  height. 


J  >ist*hai^e. 


Ftrt. 

SfCitnd-/<ri. 

2.50 

2,477 

2.50 

2,104 

16.70 

17,  587 

7.20 

6, 57:? 

1.85 

1,902 

1.  75 

1,689 

1.10 

1,300 

.75 

1,086 

1.12 

1,234 

_   _    
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fktily  fftige  heighiy  in  feet,  of  (luittahoochee  River  at  (kikdale,  da. 


Day 


190*2. 


Jan.     Feb.      Mar.     Apr. 


*t 


3. 
4. 

.'». 

6. 

7. 

.s. 

9. 
10. 
11. 
12. 
13. 
14. 

16. 

17. 

IS. 

19. 

•JO. 

21. 

22 

2:K 

24. 

25. 

26. 

27. 

2s. 

29. 

30. 

31. 


9.20 
G.OO 
5.10 
4.20 
3.70 
3. 2D 
3.10 
2.80 
2.50 
2.30 
2.30 
2.30 
2.30 
2.10 
2.10 
2.  U) 
2.10 
2.10 
2.30 
2.20 
2.60 
2.60 
2.O0 
2.40 
2.40 
2.40 
2.10 
2.W 

:i.io 

4.00 
4.60 


7.20 
18.00 
19.20 
8.60 
6.00 
4.30 
3.20 
2.80 
2.80 
2.70 
2.70 
2.80 
2.80 
2.80 
2.80 
3.00 
3.20 
3.10 
2.80 
2.80 
3.00 
3.00 
2.80 
2.80 
3.60 
3.60 
3.80 
23.20 


25.00 
20.80 
10.30 
7.10 
7.80 
6.00 
5.20 
4.60 
4.40 
4.10 
3.80 
3.60 
5.  W 
4.80 
5.70 
11.40 
8.00 
0.20 
5.60 
4.80 
4.60 
4.40 
4.10 
4.10 
3.80 
3.80 
4.20 
6.40 
21.00 
21. 70 
9.80 


'  7.10 
6.40 
6.20 
6.80 
5.20 
4.80 
4.90 
4.90 
5.00 
4.40 
4.20 
4.20 
3.80 
3.80 
3.80 
3.60 
3.80 
4.10 
4.10 
3.80 
3.80 
3.80 
3.  SO 
3.60 
3.60 
3.60  I 
3.60  , 
3.60  I 
3.40  I 
3.50 


May. 


3.40 
3.80 
3.80 
3.60 
3.60 
3.60 
3.60 
3.50 
3.50 
3.50 
3.60 
3.80 
3.60 
3.60 
3.60 
3.80 
3.80 
3.80 
3.80 
3.50 
3.50 
3.50 
3.40 
3.20 
3.20 
3.20 
3.20 
3.20 
3.10 
3.10 
3.10 


June.   July.    Auk.   Sept.    (H-t.    Nov.    Dec. 


3.20  I 

3.10 

3.10 

3.00  I 

2.80 

2.80 

2.80 

2.80 

2.80  ; 

2.70 

2.70 

2.70  : 

2.70 

2.60 

2.80 

5.(iO  ! 

4.20 

3.40 

4.00  I 

3.60  ! 

4.10 

4.40 

4.20 

4.20 

3.80  I 

3.80 

3.00 

2.80 

2.80  : 

2.80 


2.60 
2.  m 
3.40 
2.80 
2.60 
2.40 
2.40 
2.10 
2.10 
1.80 
1.80 
3.60 
2.40 
2.20 
2.60 
2.40 
2.20 
2.10 
1.80 
1.80 
2.20 
2.00 
1.90 
1.80 
1.80 
1.80 
1.80 
2.60 
2.70 
2.50 
2.10 


2.10 
1.90 
1.80 
1.80 
1.80 
1.80 
1.90 
1.90 
1.80 
1.80 
1.90 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.80 
1.80 
1.80 
1.60 
1.60 
1.60 
1.60 
1.50 
1.80 
2.70 
2.60 
2.40 


2.40 
2.10 
2.10 
2.10 
2.40 
2.30 
2.10 
2.00 
3.50 
3.20 
2.80 
2.30 
2.30 
4.80 
3.50 
2.80 
2.40 
2. 40 
2.60 
2.60 
2.  GO 
2.40 
2.10 
2.10 
5.70 
5.80 
4.60 
7.90 
5.20 
3.10 


2.10 

1.50 

1.60 

1.80 

1.50 

1.6e 

2.10 

1.80 

1.60 

1.50 

1.40 

1.80 

2.10 

1.90 

1.40 

1.60 

1.20 

1.40 

1.50 

1.60 

1.20 

1.00 

.80 

.70 

.50 

.80 

.90 

1.00 

.90 

.70 

.50 


0.80 

.70 

.70 

.50 

.50 

.70 

.90 

.80 

1.00 

1.20 

1.30 

1.00 

.90 

.70 

.60 

.80 

.90 

1.30 

1.00 

1.10 

1.00 

.80 

.80 

.90 

1.00 

4.80 

4.30 

3.60 

1.90 

1.60 


I 


2.40 
2.60 
7.00 
8.60 
4.90 
4.10 
3.30 
2.40 
1.90 
1.80 
1.60 
1.60 
1.80 
1.60 
1.70 
5.40 
7.00 
6.00 
4.00 
2.70 
3,00 
2.90 
2.40 
2.00 
1.80 
1.70 
1.60 
1.70 
2.00 
3.40 
3.0J 
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[NO,  N*.. 


Hni'nuj  tahh  fur  Chditahoochre  Hirer  tit  (hikdnir,  (in,,  for  190 J. 


heigh  t. 


0.  () 

.s 

1.0 
1.2 
1.4 
l.(> 
1.8 
2.0 
2.  2 
2.4 
2.0 
2.8 

a.o 
w.  2 
:5.4 
:{.  0 

8.8 
4,0 
4.2 


Dim'hurK*'. 

Sicoml-fdi. 
1,005 
1,120 
1,240 
l,m) 
1,490 
1,020 

1 ,  750 
1,890 

2,  o:w 

2,180 

2,  ;^J5 
2, 500 
2, 675 
2,  855 
8,045 
8,  245 
8, 450 
8,  005 
8,  885 


hi'ifdit. 


Frti. 
4.4- 
4.0 
4.8 
5.0 
5.  2 
5.4 
o.  0 
5.  8 
0.0 
0.2 
0.4 
0.0 
0.8 
7.0 


7.2 


7.4 
7.0 

7.8 
8.0 


DischHrKc- 

Srnmd-ffet. 
4,115 
4,:i44 
4, 572 
4,800 
5, 028 

5,  2m> 

5,484 


5,712 


5,  WO 
0,108 
0,  89b 
0,  024 
0,  852 
7,  080 
7,  808 
7,  580 
7,7(U 
7,992 
8.220 


height. 


Feet. 
8.5 
9.0 
9.5 
10.  0 
10.5 
11.0 
11.5 
12.0 
.12.5 
18.0 
18.5 
14.0 
N.5 
15.0 
15.5 
10.0 
10.5 
17.0 
17.  5 


DiM'hiirKe. 

Sertjtui-/(*t. 

8,  790 

9,  8(K) 

9, 9:w 

10,500 
11,070 

11,  (VM) 
12,210 

12,  780 
18,:i50 
18,920 
14,490 
15,  OtK) 
15,080 
10,200 
10,  770 

i7,;wo 

17,910 
18,480 
19,050 


(iage 
height. 


Ff-rt. 

18.0 

18.5 

19.0 

19.5 

20.0 

20.  5 

21.0 

21.5 

22.  0 


22.  5 


28.  0 
28.  5 
24.  0 

24.  5 

25.  0 
25.  5 
20. 0 
20.5 
27.0 


l>ir<*h4ir]uri*. 

Sertm<l-/t  1 1. 
19,«2l) 
21),  IHO 
20,  76<) 

21,  :ia/o 

21,900 
22, 470 
23,040 
28, 010 
24, 180 

24,  750 

25,  820 
25,  890 
20,  4m 

27,  o:iO 
27,(500 
28, 170 

28,  740 
29,310 
29,880 


hjttimafrtl  monthly  dincharge  of  (luittnhoochee  Rirrr  at  Onkdale^  (w'a. 

[Drainiige  area,  1,.V»0  s<iuaro  miles.] 


DiHcimrge  in  .seccmd-feet. 


Run-off. 


Moil  til. 


Maximum.      Minimum. 


Mean. 


Second- 
feet  per     Depth  in 
square        inehej*. 
mile. 


UK)2. 

January  

February  

March 

Ajiril 

Mav 

June 

Julv 

August 

^^eptenilR'r 

C)ctol)er 

November 

DecenilH*r 

The  yi»ar  . . . 


9, 588 

1,900 

2,881 

1.85 

2.  13 

25, 548 

2,415 

5, 80(5 

8.40 

3.54 

27,  0(X) 

8,  245 

8,024 

5.14 

5.  93 

7,194 

8,  045 

4,0(i5 

2.61 

2.91 

8, 450 

2,  7()5 

8, 150 

2. 02 

2,  .3;$ 

5,  484 

2,  a^5 

8,  CXH 

1.98 

2.  15 

8,  245 

1,750 

2,118 

l.;i5 

1.5<» 

2,415 

1 ,  555 

1,780 

1.14 

1.31 

8,1  mi 

1,890 

2,  988 

1.88 

!         2.10 

1,900 

950 

1,470 

.94 

1.08 

4,  572 

950 

1,481 

.95 

l.O^i 

8,904 

1,020 

8, 082 

1.94 

2.24 

27, 0(X) 


950 


8,271  2.10 


28.  lU 
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CHATTAHOOCHEE   RIVER   NEAR  GAINESVILLE,    GA. 

This  station  was  established  on  June  26,  lUOl,  3^  miles  northwest 
of  Gainesville,  at  Thompson's  bridge. 

The  ^ge  is  a  15-foot  vertical  rod,  graduated  to  feet  and  tenths.  It 
is  on  the  right  bank  about  50  feet  below  the  bridge.  The  bridge  is  a 
three-span  wooden  structure  supported  on  stone  piers.  At  low  water 
nearly  the  whole  of  the  river  flows  through  the  center  span,  which  is 
UX)  feet  long.  It  is  entirely  housed  in,  but  holes  are  cut  in  the  floor 
along  the  upstream  side  at  intervals  of  12  feet,  through  which  the 
meter  can  be  lowered  for  gaging. 

The  bench  mark  is  the  top  of  the  main  bridge  stringer  at  the  left 
side  of  the  first  stone  pier,  in  the  river,  from  the  left  bank,  and  is  31 
feet  above  datum. 

The  obsei-\'er.  Homer  D.  Thompson,  moved  away  on  September  27, 
1*.H)2,  without  giving  notice,  and  another  observer  could  not  be  secured 
until  December  28,  1W2.     On  that  date  Jack  Elrod  was  employed. 

Discharge  measurementa  of  Chaitahoochee  Hirer  near  (raiueHnlky  da. 


Date. 


1902. 


Hydn»Krapher. 


in&^v:  height.'  Discharge 


February  7 1  K.T.  Thomas 

Mav3 1  W.E.Hall... 

July  1 1 B.  M.  Hall . . . 


October  11... 
Novenil)er  24 


J.  C.  Conn 
VV.  E.  Hall. 


Fed. 
3. 65 
3.80 
2.58 
2.80 
2.33 


Second-fret. 

1,482 

1,241 

704 

715 

520 


IktHy  gage  height^  infeet^  of  (liatiuhoochee  Rirtrr  nmr  (iainesvUle,  da. 


1. 

3. 
A. 


6. 

7. 

H. 

9. 
10. 
U. 
VI. 
13. 
14. 
15, 
16. 


Day. 


1902. 


Jan.      Feb.      Mar.     Apr.  '  May.  June.  July.    Aug.  Sept.    Oct.  '  Nov. 


8.U0 
6.40 
6.30 
6.00 
5.60 
4.20 
3.60 
3.40 
3.40 
3.40 
3.30 
3.20 
3.20 
3.10 
3.00 
3.00 


4.90 
15.60 
10.40 
9.30 
6.10 
6.00 
4.10 
4.00 
3.90 
3.  HO 
3.60 
3.50 
3.60 
3.50 
3.30 
3.20 


14.00 
6.00 
.5.90 
5.60 
5.00 
4.90 
4.80 
6.80 
5.60 
5.30 
5.00 
4.80 
4.60 
4.20 
4.60 

6.;» 


0.50 
5.30 
5.00 
4.60 
4.20 
4.00 
3.90 
3.90 
3.t)0 
3.40 
3. 40 
3.40 
3.30 
3.20 
3.10 
3. 20 


3.10 
3.40 

!  4.60 

I 

4.50 
4.20 
4.1M) 

4.  »K) 
4.80 
4.30 

5.  (X) 
4.90 
1.60 
4.30 

.  4.00 

4.00 

'  4.00 


3.50 
3.40 
3. -20 
3.00 
3.00 
2.90 
2.90 
2.80 
2.8C) 
3.00 
3. 00 
2.90 
2.90 
2.80 
2.80 
2.90 


2.30 
2.00 
7.90 
6.30 
4.20 
4.20 
4.00 
4.00 
3.80 
3.60 
3.50 
3.20 
3.00 
4.  (JO 
3.80 
2.90 


I  8.10 

'  3.00 

4.20 

3.60 

2.80 

2. 60 

3.00 

'  2.80 

!  3.10 

4.00 

4.60 

4.00 

3. 60 

3.60 

3.60 

I  3.10 


4.20 
4.00 
4.50 
4.50 
4.60 
4.80 
4.50 
A.m 
4.90 
4.60 
4.80 
4.60 
4.50 
4.20 
4.60 
4.80 


Dec. 
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[so.  83. 


Jhtily  gage  height,  infect^  of  Chattahoochee  River  near  Gainemllfy  (ia. — Co2itinue<l. 


Day. 


Jan.      Feb.  '  Mar.     Apr. 


1902. 
17 

2.90 

18 

2. 80 

19 

2.80 

20 

2.70 

21 

2. 60 

22 

2. 60 

23 

2. 60 

24 

3. 60 

25 

3. 80 

26 

3. 80 

27 

3. 70 

28 

3.  (iO 

29 

. ! 3. 60 

:» 

31 

3. 50 

4.00 

3.10  I 
3.20 
3.30 
3.40  I 
3.00  I 
3.00 
2.90  ' 
2.90  I 
2.90  I 
3.00  I 
6.00  I 


').60 
4.30 
4.20 
4.00 
4.00 
3.90 
3.80 
3.60 
3.60 
3.50 


3.80 
3.90 
3.50 
3.60 
3.40 
3. -20 
3.80 
3.60 
3.40 
3.40 


7.60  I  3.40 


15.60 

18.40 

10.60 

6.40 


3.50 
3.40 
3. -20 


May.  Jtine.' 


4.00 
4.00 
4.10 
4.00 
3.90 
3.40 
6.00 
5.  :k) 
5.00 
4.80 
4.60 
4.:« 
4.00 
3.60 
3.50 


3.00 
4.00 
3.80 
3.60 
4.20 
4.00 
4.00 
3.80 
3.40 
3.40 
3.40 
2.80 
2.80 
2. 40 


July. 
4.60 

Aug. 

3.60 
3.10 
3.60 
2.80 
2.80 
3.10 
4.00 
4.60 
4.00 
4.60 
4.00 
3.60 
4.20 
4.20 
4.60 

1 
Sept.'  Oct. 

4.00    

Nov.  ' 

1 

1 
1 

1 

IKX'. 

4.00 

4. 20    '    

3.60 

4.(»  ' ' 

3.50 

4.80  ' 

3.40 

4.60    ' 

4.20 

1                          1 
4.80    , 

3.60 

4.00  1 ! 

4.00 

3.60  ! ! 

3.10 

3.70  1 ' ' 

2.60 

4.00  ' ' ' 

2. 50 

4.60  1 

1 

3.00 

(«) 

' 1" 

1 

4.00 

4.00 
3.40 

1 
1 

1 

' 1 

1 

x.yo 

2.80 

1 

' 

3.70 

1 

1 

"Observer  absent  from  September  28  to  December  27. 
Rating  table  for  Chattahoochee  River  iwar  Gainegvilk,  Ga.^for  lUOl  and  190  J. 


Guge 
height. 

DLseharge. 

(Jage 
height. 

Di-soharge. 

•  1 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Fnt. 

Secoml-fcfi. 

Fcrt. 

1 
Si  com'.fcct . 

Fni. 

Stcon<l-/t(i. 

Feet. 

Second-Jed 

2.0 

350 

5.6 

2,690 

9.2 

5,030 

14.0 

8,150 

2.2 

480 

..5.8 

2, 820 

9.4 

5,160 

15.0 

8,800 

2.4 

()10 

6.0 

2, 950 

9.6 

5,290 

16.0 

9,4o0 

2.t) 

740 

6.2 

8, 080     , 

9.8 

5, 420 

17.0 

10.100 

2.S 

1           870 

6.4 

8,210    ; 

10.0 

5, 550 

18.0 

10,  750 

8.0 

!       1,000 

6.6 

,     8,;wo   ' 

10.2 

5,680     ' 

19.0 

11,400 

8.2 

1,130 

6.8 

8, 470 

1                 ' 

10.4 

5,  810 

20.0 

12,050 

8.4 

1,2«0 

7.0 

3,m)0 

10.6 

5, 940 

21.0 

12,7(X) 

8.« 

1,890 

7.2 

8,  730 

10.8 

6,070 

22.0 

13,  ^W 

8.8 

1,520 

7.4 

3, 860  ; 

11.0 

6,200 

28.0 

14,000 

4.0 

1 ,  ( )50 

7.6 

3,  mo   \ 

11.2 

6,  880 

24.0 

14, 650 

4,2 

1,780 

7.8 

4,120  ; 

11.4 

6, 460 

25. 0 

15,  300 

4.4 

1,910 

8.0 

4,  250 

11.6 

'       6, 590 

26.0 

15, 950 

4.6 

2,040 

8.2 

4,880 

11.8 

6,  720 

27.0 

16,600 

4.8 

2, 170 

8.4 

4,510 

1     12.0 

6,850    ; 

28.0 

17,250 

5.0 

2,  800 

8.6 

4, 640 

!     12. 5 

:      7,175    I 

29.0 

17,900 

5.  2 

2, 480 

8.8 

4,770 

18.0 

7,500    ' 

1 

:^^o 

18,550 

5.4 

2, 560 

,       9.0 

'       4,900 

1                                       1 

18.  5 

1 

7,  825 

1 

81.0 

19,200 
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E»iiniateff  monfhli/  i^inchirije  of  (^haltahoorhrf^  Rin'r  near  (rainesrifle^  (in. 

[Drainage  afoh,  544  nquare  miles.] 


June  *26-:;0 
Julv 

AujfUHt 


SeptenilHT 
()<*tr>l>er  . . 
N()veiiil)er 
IVfember 

January  . . 
Febniarv  . 

March 

April 

May 

June 


Month. 


11K)1. 


1902. 


July 

Au^vt 

SeptemlRT  1-27 
I)wenil>er  28-31 


I 


Disi'harge  in  MUfond-fei't. 


Maximum.  '  Minimum. 


4,  (MO 

s,  soo 

«,  2(K) 

1,715 

1,(XH) 

17,olO 

4,  250 
H),210 
11,010 
2,  625 
2,  950 
1 ,  780 
4,  185 
2^  (HO 


870 
8a5 
1,180 
1 ,  (KK) 
480 
545 

740 

k  325 

1,0(^5 

1 , 0(>5 

(ilO 

850 

740 


Mean. 


Run-off. 


Second-  , 

feet  per  i  Depth  in 
Mfuurc        ineh(»«. 
mile. 


1,975 
1,520  ! 
2,724  I 
1,912 
1 ,  827 
792  ' 

1 ,  580 

2,  558 

8,  om 

1,479 
1 ,  885 
1 ,  1 89 
l,4(n 
1,888 
1,922 
1,552 


8.  (>8 
2.  79 
5.01 
8.  51 
2.44 
1.4() 
4.81 

2.  81 
4.()9 
5.  87 


8.  87 
2.09 
2.  (59 
2.  55 
8.  58 
2.  85 


I 


0.(58 
8.  22 
5.78 
8.  92 
2.81 

1 .  (58 
4.97 

8.24 
4.88 
(5.  54 
8.  08 
8.89 

2.  88 
8.10 
2.94 
8.  55 

.42 


I 


MISl^ELLANKOUS    MEASUREMENTS     IN      APALACHirOLA     KIVEU     J)RAINA(;E 

BAvSIN. 

The  following  miscellaneous  measurements  were  taken* in  the  Apa- 
lachicola  drainage  basin  during  1902  by  B.  M.  Hall  and  his  assistants: 


Date. 


Strt«m. 


UH'ality 


June 

10 

25 

25 

26 

27 

Jaly 

11 

22 

24 

Chattahoochee  River...    MtnllockH  bridge,  4  miles  north  of 

Norcross,  (ia.  (page  height,  2.42 
feet). 

Kinchafoonee  Creek Albany,  (ia.  (gage  height,  1.15  feet) . 

Miickalee  Creek Albany,  Ga.  (gage  height,  0.97  foot) . 

Sweetwater  Creek Strickland's  bridge,  Austell,  Cia 

Peach  tree  Creek Kiver  Park,  near  Atlanta,  (ia 

Little  River Below  Dunlap'n  mill,  near  (iaines- 

ville,  (ia. 

C'heJ^tatee  River Ferry  at  mouth,  near  (iainesville,  ( ia 

Chattahoochee  River ^..    Flowery  Branch,  (ia.  (gage  height, 

2.(55  feet). 


DiM'liarKi". 

SfTtllKl-j'tft, 

1 ,  (574 

477 

746 

80 

60 

86 

2(56 
967 
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[n<».  «. 


I>Hte 


Stream. 


July 

:u) 

80 

Sept. 

25 

27 

27 

Oct. 

n 

31 

Dec. 

4 

4 

Locality. 


DiKC'^harKe. 


Standinj^lnn' CnM»k i  Colunibiist,   (fa.,    half    mile    above' 

mouth.  ' 

I 

Roaring  (  Yeek I  Near  Columbus,  (ia.,  one-fourth  mile 

I      alK)ve  mouth. 

Sweetwater  Oeek |  Strickland's   bridge,   near  Austell, 

<ia.  (gage  height,  2.15  feet).  , 

Muckalee  Creek Alljany,  (fa.  (gage  height,  0.90  foot ) . , 

Kinchafoonee  Creek '  Alljany,  (fa.  (gage  height,  1.20  feet) . ' 

Sweetwater  Creek Strickland's  bridge,  near  AuFt4?ll,  i 

(fa.  (gage  height,  1.53  feet).  ' 

Chattahoochee  River. . .   Plant Svstem  R.  R.  bridge,  Alaga, Ala . ' 

'  *  '  I 

Kinchafoonee  Creek Albany,  (fa.  (gage  height,  2.40  feet) . | 

Aluckalee  Creek I  Albany,  ( Ja.  (gage  height,  2.50  feet) .  i 


Srcond-feri. 
5 

I 

INS 

(590 
499 
119 

1,196 
2,  IHO 


MOmi^K  UIAT:R  I>UAIXACfK  BA8IX. 

This  is  the  largest  drainage  basin  in  Georgia  and  Alabama,  and  is 
designated  the  Mobile  Basin  because  its  waters  all  enter  the  Gulf 
through  Mobile  River  at  Mobile,  Ala.  It  is  formed  as  follows:  Begin- 
ning at  the  h(^adwaters,  the  Cartocay  and  Ellijay  rivers  unite  at  Ellijay, 
Ga.,  to  form  the  C3oosawattee  River.  Just  above  Resaca,  Ga.,  this 
unites  with  the  Conasauga  to  form  Oostanaula  River.  At  Rome,  Ga., 
the  Oostanaula  and  the  Etowah  unite  to  form  Coosa  Riv^er.  Six  miles 
above  Montgomery,  Ala.,  the  Coosa  and  the  Tallapoosa  unit«  to  form 
the  Alabama  River;  and  not  far  fi-om  the  coast  the  Tombigbee  unites 
with  the  Alabama  to  form  the  Mobile  River,  which  flows  into  Mobile 
Bav,  an  arm  of  the  Gulf  of  Mexico. 

Cahaba  River  is  the  principal  tributary  of  the  Alabama  and  joins  it 
about  10  miles  below  Selma.  Hillabee  Creek  flows  into  Tallapoo.sa 
River  just  above  Sturdevant  and  near  Alexander.  Talladega  Creek 
is  a  tributarv  of  the  Coosa. 

Tom>)igbee  River  ri.ses  in  the  northeastern  part  of  Missii^sippi  and 
enters  Alabama  in  Pickens  County.  Its  principal  triV)utary  is  the 
Black  Warrior,  which  is  formed  l)v  the  junction  of  Mulbcrrv  Fork 
and  Lipsey  Fork.  Locust  Fork  enters  the  Black  Warrior  some  dis- 
tance below  the  junction.  During  1902  the  following  .stations  were 
maintained  in  this  basin  under  the  supervision  of  B.  M.  Hall:  On  the 
Cahaba  at  Centerville,  Ala.;  on  the  Alabama  at  Selma  and  at  Mont- 
gomer\',  Ala.;  on  the  Tallapoosa  at  Milstead  and  at  Sturdevant,  Ala.; 
on  Hillabee  C^reek  near  Alexander,  Ala.;  on  Talladega  Creek  at  Not- 
tingham, Ala.;  on  the  Coosa  at  Riverside,  Ala.;  on  the  Black  Warrior 
at  Tuscaloosa  and  near  Cordova,  Ala.;  on  the  Black  Warrior  (Locust 
Fork)  at  Palos,  Ala.;  on  the  Coosa  at  Rome,  Ga.;  on  the  Etowah  at 
Canton,  (la. ;  on  the  ( -oosawattee  at  Carters,  Ga. ;  on  the  Tombigbee 
at  Columbus,  Miss. 
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CAHABA   RIVER  AT  CENTEBVILLE,  ALA. 

The  station  was  established  on  August  7, 1901,  and  is  situated  at  the 
iron  highway  bridge  one-fourth  mile  west  of  Centerville,  Ala.  The 
bridge  is  a  single  span  supported  by  tubular  iron  piers. 

The  gage  is  a  wire  fastened  to  the  timber  fencing  along  the  down- 
stream side  of  the  bridge.  The  pulley  is  100  feet  from  the  initial  point, 
which  is  the  end  of  the  iron  bridge  on  the  left  bank,  downstream  side. 
The  bench  mark  is  the  top  of  the  iron  crossbeam,  under  the  bridge 
floor,  nearest  the  gage  pulley,  and  is  42.86  feet  above  the  datum  of 
gage.     The  observer  is  Clyde  Lowrey. 

It  was  the  intention  of  the  Geological  Survey  to  discontinue  this 
station  and  find  a  better  section,  but  it  will  be  given  another  year's 
trial  with  the  hope  of  getting  better  results. 

The  following  discharge  measurements  were  made  during  1902: 

January  25;  Gage  height,  5.15  feet;  discharge,  1,707  second-feet. 
April  7:  Gage  height,  S.60  feet;  discharge,  2,823  second-feet. 
July  9:  Gage  height,  2.40  feet;  discharge,  251  second-feet. 

Daily  gage  height,  in  feet,  of  CdhaJba  River  at  CeniervilUy  Ala. 


Day. 

Jan. 

Feb. 

March 

April. 

May. 

Jnne. 

July. 

Aug. 

Sept. 

2.80 
2.30 
3.30 
3.20 
2.90 
2.40 
2.30 
2.30 
2.20 
2.20 
2.20 
2.10 
2.10 
2.00 
2.00 
2.00 

Oct 

Nov. 

X/CC* 

1902. 

I 

2 

3 

4 

h 

1 

•13.60 
'    9.00 
6.90 
6.70 
4.90 
4.50 
4.10 
3.90 
8.70 
3.40 
8.20 
8.00 
2.90 
2.70 
2.60 
2.40 
2.80 
8.10 
3.60 
8.90 
4.60 
6.90 
5.80 
5.10 
5.00 
4.90 
6.20 
7.00 
8.80 
8.10 
11.60 

16.80 

24.60 

21,20 

16.60 

10.60 

.    8.30 

7.80 

6.70 

5.80 

5.40 

5.10 

4.80 

4.80 

5.70 

5.90 

24.00 

18.20 

13.80 

9.80 

12.00 

12.10 

8.70 

8.80 

7.90 

7.60 

6.30 

6.10 

5.90 

5.20 

6.20 

15.40 

12.10 

11.40 

10.90 

10.40 

8.60 

8.20 

13.60 

12.20 

9.60 

8.00 

7.20 

6.90 

6.50 

6.10 

5.60 

5.90 

5.70 

5.60 

5.20 

4.90 

4.60 

4.50 

4.60 

4.40 

4.30 

4.20 

4.10 

4.80 

4.90 

4.90 
4.50 
4.00 
3.70 
3.60 
3.50 
3.60 
3.50 
3.40 
3.40 
3.30 
3.30 
3.40 
3.50 
4.10 
8.40 
8.40 
5.30 
4.30 
4.20 
4.20 
3.90 
3.60 
3.50 
3.30 
3.20 
8.00 
2.90 
2.80 
2.80 
2.90 

1 

2.80 
2.80 
2.70 
2.60 
2.60 
2.50 
2.50 
2.40 
2.30 
2.30 
2.40 
2.40 
2.80 
2.30 
.  2.30 
2.30 
2.80 
2.20 
2.30 
2.50 
2.40 
2.60 
2.50 
2.40 
2.40 
2.40 
2.40 
2.30 
2.80 
2.30  ^ 

i   2.30 
2.80 
2.20 
2.20 
2.20 
2.20 

!   2.20 
2.20 
2.30 
2.50 
2.90 
3.50 

'   3.80 
3.20 
2.60 
2.40 
2.20 
2.20 
2.20 

2.20 
2.80 
2.50 
2.50 
2.40 
2.40 
2  30 
2.30 
2.30 
2.30 
2.80 
2.20 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 

2.40 
2.60 
2.60 
2.50 
2.40 
2.20 
2.20 
2.20 
2.70 
2.80 
10.80 
7.10 
5.40 
3.40 
3.20 
ft.  00 

2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.90 
2.40 
2.40 
2.30 
2.30 
9.20 
2.20 
2.20 
2.10 
2.20 
2.20 
2.30 
2.40 
2.20 
2.20 
2.  to 
2.20 
2.20 
2.20 
2.90 
ft  4n 

3.00 
2.60 
2.90 
8.10 
5.60 
6.10 
4  90 

• 
6 

7 

8 

9 

4.20 
8.90 

10 

11 

12 

3.60 
3.20 
3.00 

13 

3.00 

14 

3.00 

15 

3.90 

16 

6.30     22.30 

15.80 

17 

18 

5.60 
5.80 

22.20 
17.80 

2.00     2.90 
2.00  '  2.90 
2.00     2.60 
2.10     2.60 
2.10  1  2.60 
2.00     2.40 
2.00     2.30 

13.60 
12.70 

19 

4.90 

11.10 

9.90 

20 

4.80 
5.10 
5.10 
5.00 
5.10 
5.90 

8.60 
8.90 
9.10 
7.80 
7.80 
13.60 

2.30  i  2.10 
2.40  i  2.10 
2.30  '  2.10 
2.20  '  2.10 

7.60 

21 

6.80 

22 

7.80 

23 

8.20 

24 

2.20 
2.20 
2.10 
2.10 
2.10 
2.10 
2.20 
2.20 

2.10 
2.10 
2.10 
2.20 
2.80 
2.50 
2.60 
2.50 

2.00 
2.00 
2.00 
2.10 
2.30 
2.20 
3.00  , 

2.20 
2.20 
2.10 
2.10 

10.30 

25 

7.30 

26 

6.50     11.90 

6.60 

27 

8.10 

28.80 

6.10 

28 

27.60 

35.00 
29.20 
25.20 
24.00 

2.00     4.20 
2.00  '  3.50 
2.00  '  3.20 
2.00    

4.90 

29 

80 

SI 

4.60 
4.10 
4.90 

1 

""  ,           1 
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STREAM   MEASUREMENTS   IN   1902,   PART    II. 


[NO.  83. 


Rating  table  for  Cahaha  River  at  CenlerviUe^  Ala.  ^  for  190^. 


Gage 
hei^t. 

1 
Discharge. 

Gage 
height. 

1 

Discharge.  | 

Gage 
height. 

1  Discharge. 
Second-fed. 

1     Gage 
height. 

1 

,  Dischaiire. 

Feet. 

1 
Second-fed. 

Feet. 

Secfmfi-frrt. 

Feet. 

Feet. 

Seeortd-fert. 

1.0 

245 

4.6 

1,510 

11.5 

1       3, 925 

20.5 

7,075 

1.2 

320 

4.8 

1, 

,580     , 

12.0 

j       4,100 

21.0 

7,250 

1.4 

390 

5.0 

1 

,650    ; 

12.5 

4,  275 

,     22.0 

7,600 

1.6 

460 

5.2 

1 

,720 

13.0 

i      4,450 

23.0 

7,950 

1.8 

530 

5.4 

1, 

,790    , 

13.5 

1      4, 625 

;     24.0 

8,300 

2.0 

600 

5.6 

1  = 

,860    1 

14.0 

'      4,800 

25.0 

8,650 

2.2 

670 

5.8 

1= 

,930    1 

14.5 

;       4, 975 

j     26.0 

•9,000 

2.4 

740 

6.0 

2 

000    ' 

15.0 

'       5, 150 

27.0 

9,  a50 

2.6 

810 

6.5 

2 

175     ; 

15.5 

;      5, 325 

28.0 

9,700 

2.8 

880 

7.0 

2 

350    1 

1 

16.0 

:      5,500 

29.0 

10,a50 

3.0 

950     ' 

7.5 

.  2, 

525     1 

16. 5 

1      5, 675 

:w.o 

10,400 

3.2 

1,020 

1       8.0 

2, 

700    1 

17.0 

5,  850 

31.0 

10, 750     , 

3.4 

1,090 

'           1 

8.5 

2 

875  ; 

17.5 

!      6, 025 

32.0 

11,100 

3.6 

1,160    ; 

9.0 

3 

,050    ' 

18.0 

6,200 

33.0 

11,450     1 

3.8 

1,230    ; 

;       9.5 

•i 

,225 

18.5 

6,  375 

34.0 

11,800     , 

4.0 

1,300   ; 

;  10.0 

3, 

400 

19.0 

;      6,550    i 

35.0 

12,150     , 

4.2 

1,370    , 

!     10.5 

3, 

575 

19.5 

6,726     ; 

4.4 

1,440 

'     11.0 

3, 

750 

20.0 

6,900    1 

1                    1 

1 
1 

Estimated  monthly  discharge  of  Cahaba  River  at  CentervUU,  Ala. 

[Drainage  area,  1,W0  square  miles.] 


Month. 


1902. 
January  

February  

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year  . . . 


Discharge  in  second-feet. 


Maximum,  i  Minimum. 


4,660 
•9,560  ' 
12, 150 
5,290  , 
2,840  ; 

880  i 
1, 125  I 

880  ' 
1,055 
3,680  ' 
1,370 
5,255 


12,150 


705 

1,405 

1,720 

1,335 

880 

670 

635 

635 

600 

mo 

600 
775 

600 


Mean. 


1,739 

2,955 

4,799 

2,464 

1,282 

749 

730 

690 

689 

939 

746 

1,974 

1,646 


Run-off. 


Second- 
feet  per 
square 
mile. 


Depth  in 
inches. 


1.67 

2.84 

4.61 

2.37 

1.23 

.72 

.70 

.66 

.66 

.90 

.72 

1.90 


1.93 

2.96 

6.31 

2.64 

1.42 

.80 

.81 

.76 

.74 

1.04 

.80 

2.19 


21.40 
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ALABAMA  BIVER  AT  8ELMA,  ALA. 

This  station  was  originally  established  bj'^  the  United  States  Engi- 
neer Corps;  readings  are  now  taken  by  the  United  States  Weather 
Bureau.  The  gage,  which  is  attached  to  the  iron  highway  bridge,  the 
floor  of  which  is  about  60  feet  above  low  water,  is  in  two  sections. 
The  lower  section,  which  reads  from  —3.0  feet  to  +2.30  feet,  is 
secured  to  the  pile  on  the  lower  side  of  the  cofferdam  on  the  draw 
pier;  the  upper  section,  which  reads  from  2.30  feet  to  48  feet,  is 
attached  to  the  same  pier.  The  bench  mark,  which  is  an  iron  bolt 
driven  into  the  face  of  a  rock  bluff  182  feet  from  the  first  bridge  pier, 
on  the  road  ascending  to  the  city,  is  26  feet  above  the  zero  of  the 
gage  and  87.30  feet  above  mean  sea  level.  The  top  of  the  coping 
stone  of  the  pivot  pier  at  the  highway  bridge  to  which  gage  is  attached 
is  56  feet  above  the  zero  of  the  gage  and  117.30  feet  above  mean  sea 
level. 

Daily  gage  height j  infeelf  of  Alabama  River  at  Sclmaf  Ala. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1902. 

1. 

41.00 

16.80 

34.30 

50.10 

8.40     3.60 

1.50 

0.40 

3.60 

8.70 

1.40 

6.00 

2 

45.00 

23.00 

41.50 

50.70 

8.70  '  3.50 

1.20 

.40 

3.70 

6.20 

.80 

6,80 

3 

46.60 

29.80 

45.20 

50.00 

8.40     3.50 

1.00 

.70 

8.00 

5.00 

.70 

8.80 

4 

46.30 

35.00 

47.10 

48.60 

7.80     4.00 

1.00 

.80 

3.80 

4.00 

.50 

10.50 

5 

41.40 

37.50 

47.10 

46.00 

7.40     4.00 

.90 

.90 

8.00 

3.60 

.20 

13.60 

6 

37.00 
35.00 
33.00 

37.90 
37.90 
37.00 

46.20 
44.40 
43.00 

42.40 
39.00 
35.60 

7.00     3.80 

.80 
.70 
.60 

1.10 

'    1.40 

1.30 

3.00 
2.50 
2.20 

3.00 
2.80 
2.60 

.40 

.80 

3.90 

14.00 

_ 

1 ..... ..... 

7.00 
7.00 

3.60 
3.20 

14.20 

8 

13.70 

9 

30.00 

31.00 

41.80 

32.00 

6.90  ;  2.90 

.60 

1.10 

2,00 

2.60 

4.80 

12.00 

10 

26.40 

17.00 

14.90 

10.10 

9.00 

8.10 

7.50 

7.00 

6.  SO 

6.60 

6.60 

8.00 

8.10 

9.00 

12.00 

13.80 

30.00 
24.00 
17.60 
14.00 
11.70 
11.60 
12.00 
12.30 
13.00 
12.00 
11.80 
11.80 
11.90 
12.00 
12.20 
12.00 

39.00 
35.10 
30.00 
25.50 
21.00 
19.20 
19.80 
23.00 
28.00 
82.00 
33.60 
33.80 
29.80 
26.00 
'28.00 
22.80 

28.90 
25.60 
22.00 
19.00 
16.20 
14.60 
14.20 
13.00 
12.20 
12.80 
13.20 
13.00 
18.00 
11.40 
10.60 
10.00 

6.80  1  2,90 
6.70     2.90 
6.50  1  2.80 

.60 
1.00 
1.10 
1.10 
1.80 
1.90 
1.90 
1.90 
1.90 
1.90 
2.00 
2.10 
2.50 
2.40 
1.80 
1.00 

1.10 

1.60 

1.60 

1.10 

.90 

.80 

.80 

.70 

.60 

.10 

.00 

-.10 

-.20 

-.30 

-.20 

-  .40 

1.20 

.90 

.80 

.70 

.60 

.20 

.00 

-.10 

-.20 

-.30 

-.80 

.00 

.00 

-.10 

-,20 

-.20 

1.00 
2.00 
2.00 
4.00 
6.00 
5.80 
5.00 
4.60 
4.60 
4.00 
2.00 
1.80 
1.40 
1.00 
1.00 
.90 

4.00 

2,80 

1.90 

1.50 

1.40 

.90 

.70 

.50 

.60 

.70 

.90 

1.40 

1.60 

1.60 

1.80 

1.70 

9.80 

11 

7.80 

12 

7.20 

13 

6.30 
6.00 
6.80 
6.00 
7.40 
8.70 
9.50 
9.00 
8.60 
7.80 
6.60 
5.90 
5.40 

2.60 
2.50 
2.50 
2.80 
2.60 
2.40 
2.30 
2.20 
2.10 
2.00 
2.00 
2.00 
1.90 

5.30 

14 

4.20 

15 

8.80 

16 

7.60 

17 

18.80 

18 

21.fi0 

19 

25.60 

20 

25.60 

21 

22.00 

22 

17.00 

23 

16.00 

24 

15.00 

25 

15.00 

26 :.. 

13.00 
11.50 

12.00 
14.00 

24.00 
24.90 

9.80 
9.40 

5.40 
5.00 

1.90 
1.80 

.80 
60 

-.30 
-.40 

-.20 
.20 

.60- 
.20 

2.60 
4.80 

14.00 

27 

12.80 

28 

11.40 
12.00 
14.60 
16.00 

23.60 

30.00 
38.00 
45.10 
48.90 

9.00 
8.60 
8.60 

4.80 

l.HO 

.50 
.40 
.60 
.50 

-.20 
.10 

.•«■ 

.40 

.20 
.50 
.90 

.00 

-.10 

1.20 

1.80 

7.60 
6.90 

5.80 

10.90 

29 

4.40     1.80 

9.00 

80 

4.00 

1.70 

7.00 

31 

3.80    

6.40 

1 
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[NO.  S3. 


Raiing 
Discharge. 

table  for . 

r " 

I     Gage 
1  height. 

;      Feel. 

AlabaTna  River  at  Selma,  Ala,,  for  190S. 

Gage 
height. 

Discharge. 
Seetmd-feet, 

Gage 
height. 

Discharge. 

'1 

Gage 
1   height. 

1 

1  Diflchai^ge. 

1 

1 
1 

1 

Feet, 

1 
Second-feet. 

'      FeH, 

Second-feet. 

1 

FeeL 

1 

,  Secondr/eet. 

-0.4 

6,470     1 

3.6 

11,092 

11.5 

31,490 

28.0 

75,380     1 

.2 

6, 575 

3.8 

11,448 

'     12.0 

32,820 

j    29.0 

;     78,040     i 

.0 

6,700 

4.0 

1 

11,820 

12.5 

34,150 

1    30.0 

1     80,700     , 

.2 

6,845 

'       4.2 

I 

12,220 

13.0 

35,480 

31.0 

83,360 

1 

.4 

7,009 

'       4.4 

1 

12,660 

13.5 

36,810 

32.0 

86,020 

.6 

7,189 

1      4.6 

13, 150 

14.0 

38,140 

33.0 

88/680 

.8 

7,;«4 

4.8 

1.3,668 

14.5 

39, 370 

'    34.0 

I     91,340 

1.0 

7,596 

5.0 

14,200 

15.  0 

40,800 

1    35.0 

94,000 

1.2 

7,818 

5.5 

15,530 

;     16.0 

43,460 

;    36.0 

96,660 

1.4 

8,045 

6.0 

16,860 

;   17.0  ^ 

46,120 

37.0 

99,320 

1.6 

8,276     ' 

j      6.5 

18,190 

\     18.0 

48,780 

'    38.0 

101,980 

1.8 

8,511 

7.0 

19,520 

;  19.0 

51,440 

i     39.0 

1 

104,640 

2.0 

8,  750 

7.5 

20,850 

\    20.0 

54,100 

40.0 

107,300 

2.2 

8,996 

8.0 

22,180 

i    21.0 

56,760 

41.0 

1 

109,960 

2.4 

9,256     , 

8.5 

23, 510 

'    22.0 

59,420 

;    42.0 

112,620 

2.6 

9, 532 

9.0 

1 

24,840 

23.0 

62,080 

'    43.0 

115,280 

2.8 

9,822     ' 

9.5 

26,170 

24.0 

64,740 

'    44.0 

1 

117, 940 

3.0 

10,120 

10.0 

27,500 

25.0 

67,400 

45.0 

120,600 

3.2 

10, 428 

10.5 

28,830 

26.0 

70,060 

46.0 

123,260 

3.4 

10,752 

1 

11.0 

30,160 

27.0 

72,720 

47.0 

1 

125,920 
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Etiimated  monthly  discharge  of  Alahatna  River  at  SelnWy  Ala, 

[Drainage  area,  15,400  square  miles.] 


Discharge  in  second-feet. 


Run-off. 


Month. 

Maximum. 

1902. 

* 

JanTiarv 

124,856 
101, 714 

Febmarv 

Minimum. 


Mean. 


Second- 
feet  per 
square 
mile. 


March 130,974 

April I     135,762 

May ^ 


26,170 

June 11,820 

July 9,392 

August !  8,160 

Septeml>er '  11,448 

October 16,860 

November 

December 


Depth  in 
inches. 


21,116 
68,996 


The  year '    135,762 


ALABAMA   RIVER  AT  MONTGOMERY,  ALA. 

This  river,  as  described  in  the  United  States  Weather  Bureau  reports, 
is  formed  by  the  junction  of  Coosa  and  Tallapoosa  rivers,  6  miles  above 
Montgoiiier\'.  A  gage  rod  was  established  by  the  United  States  Engi- 
neer Corps  a  number  of  years  ago  at  the  Montgomery  wharf,  near  the 
union  passenger  station  at  the  foot  of  Commerce  street.  The  readings 
are  now  taken  by  the  Weather  Bureau  and  are  furnished  to  this  Suivey. 
The  gage  rod  is  in  six  sections,  as  follows:  Section  1,  from  —2  to  +10 
feet,  on  the  fender  pile  at  the  face  of  the  wharf,  108  feet  from  the 
lower  end;  section  2,  from  10  to  15  feet,  at  the  upper  end  of  the  pile 
protection  to  the  Louisville  and  Nashville  Railroad  bank  at  the  corner 
pile,  the  15-foot  mark  being  1.1  feet  above  the  top  of  the  pile;  section 
3,  15  to  27  feet,  on  the  bent  in  the  center  of  the  drain,  on  the  lower 
side  of  the  Commerce  street  sewer;  section  4,  27  to  36  feet,  on  the 
upper  side  of  the  sewer,  on  the  third  bent;  section  5,  36  to  46  feet,  on 
the  same  side  of  the  sewer,  on  the  sixth  bent;  section  6,  46  to  50  feet, 
on  the  same  side  of  the  sewer,  on  the  seventh  bent.  The  rods  are  of 
pine  timber,  painted,  and  graduated  to  feet  and  tenths.  There  are 
also  two  new  sections,  15  to  25  feet  and  25  to  37  feet,  on  trees  about 
50  yards  south  of  the  old  gage.  The  bench  mark  is  the  northeast 
comer  of  the  stone  doorsill  in  the  north  door  of  Windsor  Hotel,  on 
Commerce  street.  It  is  59.7  feet  above  the  zero  of  the  gage,  and  is 
163.4  feet  above  sea  level.     The  high-water  mark  for  Montgomery  is 
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69.7  feet,  and  was  reached  in  April,  1886.  The  danger  line  is  placed 
at  35  feet.  The  width  of  the  river  at  low  water  is  690  feet.  The  onlv 
point  where  measurements  can  be  made  is  at  the  iron  bridge  of  the 
Louisville  and  Nashville  Railroad,  about  3  miles  above  Montgoaiery. 
This  bridge  is  60.6  feet  above  low  water,  with  three  spans  over  the 
river,  the  center  one  being  a  draw  or  turn  span. 

Dailij  gage  height,  in  feci,  of  Alabama  River  at  Montgomery,  Ala. 


Day 


1902. 


8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
28. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Jan. 

Fob. 

Mar. 

Apr. 

May. 

June. 

Jnl^'. 

1 

1 
Aug. 

1 

1 
|Sept. 

1 

Oct. 

,  Nov. 

1 

I>ec 

45.80 

15.00 

38.60 

47.00 

6.70 

2.70 

1.00 

1 

1 
0.40 

1 
1 

2.70 

6.60 

1 

1  0.50 

4.80 

44.90 

24.50 

46.40 

44.60 

6.00 

2.90 

'    1.00 

.50 

2.60 

5.60 

.30 

1     4.70 

42.50 

32.40 

46.70 

41.40 

5.70 

3.00 

.80 

.70 

2.50 

3.20 

.20 

7.20 

39.50 

36.50 

45.60 

38.00 

5.30 

2.90 

.70 

.90 

2.20 

2.80 

.10 

10.90 

36.00 

37.60 

41.70 

34.50 

5.30 

2.90 

.60 

1.00 

1.60 

2.40 

.20 

,  11.60 

31.50 

36.00 

39.00 

30.50 

5.40, 

2.50 

.60 

.80 

1.10 

2.00 

1.10 

11.80 

28.40 

32.80 

37.60 

25.50 

5.30 

2.30 

.60 

1.00 

1.00 

1.70 

3.«0 

11.80 

25.60 

29.00 

34.20 

20.50 

5.00 

2.30 

.60 

.70 

1.00 

1.30 

4.10 

1     9.70 

21.00 

25.00 

31.40 

20.00 

4.80 

2.30 

.70 

1.00 

1.00 

.90 

3.00 

.     7.60 

1  15.00 

18.60 
13.00 

28.70 
2:}.  80 

18.80 
16.00 

4.90 
4.70 

2.30 
2.20 

.50 
.50 

1.40 
1.10 

.90 
.80 

.50 
.80 

2.10 
1.50 

1     5.  SO 

8.60 

4.60 

6.50 

9.40 

17.80 

14.50 

4.40' 

2.10 

.60 

.80 

.60 

4.00 

1.50 

8.80 

6.10 

8.00 

14.50 

12.00 

4.20 

2.10 

.80 

.70 

.40 

4.60 

1.30 

3.30 

5.60 

7.60 

14.00 

11.50 

3.90 

2.00 

1.20 

.90 

.20 

4.40 

.90 

3.00 

5.30 

7.80 

13.80 

10.00 

4.00 

1.80 

1.30 

.50 

.10 

4.00 

.60 

2.70 

5.00 

9.00 

15.60 

9.80 

5.30 

1.80 

1.50 

.50 

.10 

3.30 

.50 

4.20 

4.80 

9.80 

23.00 

9.00 

7.00 

1.80 

1.50 

.40 

.10 

2.70 

.60 

17.30 

4.60 

9.60 

28.30 

9.80 

7.40 

1.60 

1.70 

.20 

.00 

2.20 

.GO 

20.60 

1    4.60 

8.50 

30.10 

10.80 

7.40 

1.60 

1.70 

.20 

-.10 

1.60 

1.10 

21.20 

4.90 

8.20 

28.20 

10.00 

7.20 

1.60 

2.00 

.10 

.30 

1.20 

1.30 

17.50 

5.30 

8.40 

24.00 

9.00 

5.60 

1.60 

2.00 

.00  1 

.20 

1.00 

1.30 

12.00 

'    7.00 

8.80 

20.00 

8.70 

4.80 

1.60 

1.60 

.00' 

.00 

1.00 

1.20 

10.40 

8.00 

8.60 

17.60 

8.00 

4.60 

1.60 

1.10 

.10 

-.10 

1.00 

1.10 

12.00 

10.20 

8.20 

14,50 

7.60 

4.00 

1.60 

.80 

.00  ' 

.20 

.70 

1.30 

12,50 

9.50  , 

8.80 

17.60 

7.00 

4.00 

1.50 

.60 

-.10 

.10 

.40 

1.20 

11.60 

8.70 

9.80 

19.50 

7.00 

3.70 

1.50 

.40 

.00 

.00 

.20 

3.70 

10.20 

8.00  ' 

10.20 

18.50 

6.50 

3.40 

1.30 

.40 

.80 

+.50 

.10 

6.30 

8,40 

7.90  1 

25.60 

32.00 

6.20 

8.30  ! 

1.30 

.30 

.60 

.60 

.20 

5.10 

6.60 

10.90 

41.40 

6.00 

3.20 

1.20 

.30 

.50 

1.20 

1.50 

4.40 

5.50 

12.50 

45.80 

6.00 

3.00 

1.00 

.20 

1.50 

3.90 

1.70 

4.60  ' 

5.00 

13.00 

1 

47.80 

1 

2.70 

.20 

3.50 

1.10  1 

1 

5.50 

TALIJLl^OOSA    RIVER  AT   MILSTEAD,  ALA. 

A  gaging  station  was  established  on  August  7,  1897,  at  the  bridge 
of  the  Tallassee  and  Montgomer}^  Railway,  about  one-fourth  of  a 
mile  from  Milstead,  Ala.  The  bridge  is  of  iron,  two  spans  of  about 
155  feet  each,  with  short  wooden  trestles  at  each  end.  The  initial 
point  of  measurement  is  the  end  of  the  iron  bridge,  on  the  left  bank, 
downstream  side.  The  rod  of  the  wire  gage  is  fastened  to  the  outside 
of  the  guard  rail  on  the  downstream  side  of  the  bridge.  The  bench 
mark  is  the  top  of  the  second  crossbeam  from  the  left  bank  pier  at 
the  downstream  end,  and  is  60  feet  above  datum.  The  channel  is 
straight  at  the  bridge  and  bends  above  and  below.     The  current  is 


NKWEL.L.] 


MOBILE   RIVER   DRAINAGE   BASIN. 


135 


slu^g^sh  at  low  water  and  obstructed  b}'  the  center  pier  of  the  bridge. 
The  banks  are  high,  but  overflow  at  extreme  hi^h  water  for  several 
hundred  feet  on  each  side.  The  bed  is  fairl}^  constant,  and  all  the 
water  is  confined  to  the  main  channel  bv  railroad  embankments. 

During  the  year  1902  there  have  been  three  different  observers — 
Seth  Johnson  until  April  6,  B.  F.  Wells  until  October  27,  and  W.  F. 
McGee  from  November  20  to  the  end  of  the  vear.  Mr.  McGee  failed 
to  begin  at  the  time  that  Mr.  Wells  left  oflF,  as  he  was  expected  to  do. 

The  large  new  dams  at  Tallassee  Falls — 6  and  9  miles,  respectively, 
above  this  station — ^almost  stop  the  flow  of  the  river  at  certain  times, 
so  that  discharge  measurements  at  Milstead  do  not  represent  the 
amount  of  water  furnished  by  the  stream.  On  August  21  to  27,  and 
and  on  October  19,  20,  24,  25,  and  26,  the  dams  were  evidently 
impounding  water.  The  station  at  Sturdevant,  Ala.,  about  30  miles 
above  these  dams,  has  been  established  to  replace  Milstead. 

The  following  discharge  measurement  was  made  in  1902: 
January  14:  Gage  height,  3.65  feet;  discharge,  8,644  second-feet. 

Daily  gage  heightj  in  feet,  of  TaJlapoma  River  at  }fUstead,  Ala. 


Day. 


1902. 


4. 
5. 


7. 

8. 

9. 
10. 
11. 
12- 
13. 
14. 
15- 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
,29. 
'30. 

31. 


Jan. 


29.50 
22.50 
11.30 
7.10 
6.30 
5.70 
5.10 
4.80 
4.60 
4.40 
4.25 
4.00 
3.90 
3.65 
3.60 
3.50 
3.50 
3.40 
3.80 
4.00 
4.50 
6.00 
6.20 
5.00 
5.70 
4.40 
4.30 
5.30 
6.00 
7.00 
7.90 


18.00 

29.50 

83.00 

23.00 

16.60 

10.90 

8.80 

7.10 

6.20 

5.80 

5.40 

5.10 

5.00 

4.70 

5.65 

6.90 

6.30 

5.60 

5.00 

5.10 

5.90 

5.80 

5.30 

4.70 

5.90 

6.20 

6.50 

42.00 


45.00 

32-50 

24.70 

17.70 

15.10 

12.70 

10.70 

9.10 

8.70 

8.00 

7.30 

6.80 

10.30 

11.00 

12.40 

14.20 

30.00 

26.00 

17.70 

17.00 

14.00 

12. 10 

i  10.50 

'  11.10 

,  18.  .50 

12.50 

,  11.00 

j-38.00 

,  43.00 

,|  38.50 

.'  25.10 


I 


21.50 
14.50 
11.20 
9.90 
9.80 
9.20 
8.70 
15.40 
13.30 
10.70 
8.90 
8.00 
7.50 
7.10 
7.30 
7.20 
7.20 
9.20 
8.10  ' 
7.20  ! 
6.50  i 
5.90  I 
5.50  ' 
5.40  ' 
5.80 
5.40 
5.10 
4.80 
4.70 
4.60 


May. 


4.40 
4.20 
4.80 
4.10 
4.10 
4.00 
3.80 
3.60 
3.90 
4.00 
3.60 
3.30 
3.20 
3.10 
3.30 
6.80 
5.80 
4.70 
5.50 
4.40 
3.30 
3.30 

3.:«) 

3.00 
2.80 
2.70 
2.60 
2.60 
2.60 
2.40 
2.30 


June. 

July. 

AUK. 

2.  SO 

1.80 

1.30 

3.80 

1.20 

1.20 

2.90 

1.10 

1.60 

2.60 

1.00 

1.90 

2.30 

1.00 

1.70 

2.20 

1.30 

1.60 

2.10 

1.30 

2.00 

2.40 

1.40 

1.80 

2.50 

1.40 

1.70 

2.10 

1.50 

1.80 

2.10 

1.40 

1.60 

2.10 

2.10 

1.70 

2.00 

1.70 

1.60 

1.90 

1.60 

1.50 

1.80 

1.50 

1.40 

1.70 

2.10 

1.70 

1.90 

2.50 

1.40 

1.80 

2.20 

1.20 

1.70 

2.00 

1.10 

1.80 

2.60 

1.00 

1.70 

2.20 

.90 

1.60 

1.60 

.90 

1.70 

1.50 

.80 

1.60 

1.40 

.80 

1.50 

1.20 

.70 

1.40 

1.10 

.60 

1.30 

1.20 

.60 

1.20 

1.10 

1.10 

1.30 

1.30 

2.60 

1.30 

1.20 

7.30 

1.40 

4.60 

Sept. 


4.00 
3.80 
2.60 
2.20 
1.90 
1.70 
1.60 
1.50 
1.50 
1.40 
1.30 
1.20 
1.50 
1.20 
1.20 
1.10 
1.10 
1.00 
1.00 
1.00 
1.00 
1.00 
.90 
1.20 
1.30 
1.90 
1.80 
2.60 
3.20 
4.00 


4.30 

4.00 

3.80 

3.30 

3.20 

3.00 

1.80 

1.70 

1.50 

1.30 

1.50 

1.40 

1.30 

2.00 

2.10 

2.30 

2.10 

1.00 

.90 

.80 

.70 

2.00 

1.00 

.90 

.80 

.10 

1.(30 

(") 
(a) 

(") 
(«) 


(") 

(") 

(°) 

(°) 

(«) 

(«) 

(°) 

(") 

(«)• 

■    («) 

(«) 

I    («) 

j    («) 

I    («) 

(«) 

,    («) 

(«) 
I     (n) 

\  2.70 
2.60 
2.20 
2.00 
2.10 
2.10 

12.90 
8.50 
4.30 
3.30 
2.30 


Dec. 


(«) 
(«) 
(«) 
13.40 
10.90 
8.00 
6.00 
4.40 
3.50 
8.10 
2.90 
2.70 
2.60 
2.60 
2.60 
9.60 
25.30 
10.20 
12.60 
7.70 
5.50 
6.80 
7.90 
6.80 
5.00 
4.20 
8.60 
3.30 
8.00 
3.50 
4.50 


«  No  record. 
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Hating  table  for  TaUapoona  River  at  MUstead^  Ala.,  for  190^. 


1 

Gage 
height. 

1 
Dischaige. 

1 

Gage 
1  heignt. 

Discharge. 

Gage 
hei^t. 

1 
Dischaige 

-    -      - 
,  Secondrfeet 

Gage 
height. 

DiflchAzge. 

1 
1 

F^. 

1 
Second-feet.  \ 

Feet. 

Second-feet. 

Ftet. 

FeeL 

SecxmA-Jeet. 

0.6 

350 

4.6 

4,825 

9.5 

10,337 

26.0 

28,900 

.8 

562 

4.8 

5,050 

1     10.0 

10,900 

27.0 

30,025 

1.0 

774    1 

1 

5.0 

5,275 

1     10.5 

11,462     1 

28.0 

31,150 

1.2 

990    1 

1 

5.2 

5,499 

11.0 

12, 025     1 

29.0 

32,  275 

1.4 

1,224 

5.4 

5,724 

,     11.5 

12, 587     , 

30.0 

33,400 

1.6 

1,450 

5.6 

5,949 

12.0 

13, 150 

31.0 

34,525 

1.8 

1,675 

'      5.8 

6,174 

,     12.5 

13,712    1 

32.0 

35,650 

2.0 

1,900 

6.0 

6,400 

1     13.0 

14,275    1 

33.0 

36,  775 

2.2 

2,125 

6.2 

6,624 

;     14.0 

15,400    ' 

:^.o 

37,900 

2.4 

2,350     1 

6.4 

6,849 

]     15.0 

16,525 

35.0 

39,  025 

2.6 

2,575     ; 

6.6 

7,074 

1     16.0 

17,650    1 

36.0 

40,150    1 

2.8 

2,800  ; 

6.8 

7,299 

1     17.0 

18,775 

1     37.0 

1 

41,275 

3.0 

3,025     ; 

7.0 

7, 525 

;    18.0 

19,900 

:«.o 

42,400 

3.2 

3,  250 

7.2 

7,749 

'     19. 0 

1 

21,025 

39.0 

43, 525 

3.4 

3,475     1 

7.4 

7,974 

20.0 

22, 150 

40.0 

44,650 

3.6 

3,700    1 

7.6 

8,199 

21.0 

23,275 

41.0 

45,  775 

3.8 

3, 925     1 

7.8 

8,424 

1     22.0 

1 

24,400 

42.0 

46,900 

4.0 

4.150    1 

1 

8.0 

8,650 

:    23.0 

25, 525 

43.0 

48,025 

4.2 

43.75     1 

1 

8.5 

9,212 

:    24.0 

26, 650 

44.0 

49, 150 

4.4 

4,600     1 

*           1 

9.0 

9,  775 

i     25.0 

1 

27, 775 

45.0 

50,  275 

Eiitimated  monthly  dm'harge  of  TaUajMJOsa  Jiiver  at  Milatead,  Ala. 

[Drainage  area  3,840  square  mlle«.] 


Month. 


1902. 


January  

Febniarv 

•r 

March 

April 

May 

June 

July 

August 

September 

October  1  to  25  . . . 
November  20  to  30 
December  4  to  31 . . 


Discharge  in  second- feet. 


Maximum. 


32,  837 

46,900 

50, 275 

23,  837 

7,299 

3, 925 

2, 575 

7,861 

4,150 


Minimum. 


Mean. 


3, 475* 

4,937 

7,299 

4,825 

2, 237 

990 

774 

350 

668 


6,951 
11,520 
20,379 
9,234 
3,838 
1,8:^ 
1,368 
1,529 
1,621 
1,843 
4,252 
6,970 


Run-off. 


Second- 
feet  per 
square 
mile. 


1.81 

3.00 

5.31 

2.40 

1.00 

.48 

.36 

.40 

.42 

.48 

1.11 

1.82 


Depth  in 
inches. 


2.09 

3.12 

6.12 

2.68 

1.15 

.54 

.42 

.46 

.47 

.45 

.45 

1.93 


KEWSUU] 


MOBILE    RIVER   DRAINAGE    BASIN. 


137 


TALLAPOOSA    RIVER  AT   STURDEVANT,  ALA. 

This  Htation  was  established  July  19,  1900,  ])y  J.  R.  Hall.  It  is 
located  at  the  Columbus  and  Western  Bailroad  bridge,  a  fourth  of  a 
mile  Tvest  of  Sturdevant.  This  railroad  belongs  to  the  Central  of 
Georgia  Railway.  The  gage  rod  is  20  feet  long,  and  is  graduated  to 
feet  and  tenths.  It  is  in  two  sections,  and  is  fastened  vertically,  the 
shorter  section  to  a  post  at  the  edge  of  the  water  on  the  east  bank 
about  20  feet  below  the  bridge,  and  the  longer  section  to  the  first 
stone  pier  from  the  east  bank.  The  initial  point  of  sounding  is  the 
east  end  of  the  bridge.  The  section  is  broken  by  three  piers  and  by 
some  large  rocks  below  the  bridge.  The  gage  is  referred  to  a  bench 
mark  consisting  of  a  nail  in  the  southwest  corner  of  pier  No.  2,  on 
the  esLHt  side  of  the  river,  455.70  feet  above  tide  water  and  14.20  feet 
above  the  zero  of  the  gage.  The  observer  is  B.  F.  Neighbors,  farmer 
and  postmaster  at  Sturdevant,  who  lives  a  fourth  of  a  mile  from  the 
station.  This  station,  being  above  the  big  new  dams  at  Tallassee,  is 
intendcnl  to  replace  Milstead  station.  Map  and  profile  of  Tallapoosa 
River  are  published  in  Twenty- -second  Annual  Report,  part  4. 

The  following  discharge  measurements  were  made  during  1902: 

July  11:  (iage  height,  1.85  feet;  discharge,  1,440  second-feet* 
Septeml>er  17:  Gaj?e  height,  0.80  foot;  dischftrge,  658  Hecond-feet. 
Octoljer  9:  (lage  height,  1.08  feet;  diw!harge,  858  wecoiid-feet. 
Noveinl)er  12:  (la^e  height,  1.34  feet;  discharge,  1,000  necond-feet. 

ThtUy  gage  lieight,  in  feet,  of  TaUapoofui  River  at  J^urderarity  Ala. 


Day. 

Jan. 

11.10 
8.40 
6.30 
4.00 
3.60 
3.40 
3.30 
3.20 
3.10 
3.00 
2.90 
2.90 
2.80 
2.80 
2.70 
2.70 

2.eo 

2.60 
2.90 
2.90 
3.50 
4.00 
3.80 
3.70 
8.60 

Feb. 

:    6.90 
■  11.40 
9.10 
7.00 
'    6.60 
5.00 
4.80 
4.30 
4.00 
8.80 
3.70 
3.60 
3.50 

:}.50 

4.10 
4.50 
4.00 
3.80 
3.60 
3.50 
3.50 
8.60 
3.40 
3.40 

8.70 : 

I  Mar. 

1 

VA.  70 
11.00 

Apr. 

May. 

June. 

3.60 
3.10 
2.80 
2.40 
2.20 
2.10 
2.10 
2.00 
2.20 
2.10 
2.00 
1.90 
1.80 
1.80 
1.70 
1.70 
1.60 
1.60 
1.60 
1.50 
1.50 
1.40 
1.40 
1.30 
1.30 

'  July. 

1 

1.00 
1.00 
.90 
.90 
.80 
1.40 
1.20 
1.10 
1.20 
1.10 
1.90 
1.60 
1.50 
2.00 
2.30 
2.10 
1.80 
2.80 
2.30 
1.70 
1.50 
1.30 
1.20 
1.10 
1.00 

AUK. 

1.10 

1.30 

1.20 

1.10 

2.00 

1.80 

2.50 

2.30 

1.10 

1.10 

1.20 

1.20 

1.40 

1.30 

1.00 

.90 

.80 

.70 

.60 

.50 

.50 

.50 

.60 

.60 

.50 

Sept. 

1 

(><t. 

Nov. 

1 

Dec. 

■ 

1902. 
1 

2 

8.00 
'  7.20 

3.50 

3.40 

3.40 

3.30 

3.30 

3.30 

3.20 

3.20 

3.20 

3.20 

3.10 

3.10 

3.10 

3.10 

4.20 

4.00 

3.50 

3.40 

3.30 

3.10 

3.00  ' 

2.90 

2.80 

2.70 

2.60 

1 

1.80 
1.50 
1.30 
1.90 
1.60 

2.90 
2.50 
2.30 
1,90 
1.60 

1 

0.9 

.8 

.8 

.8 
1.2 
2.8 
2.7 
2.6 
2.50 
2.30 
2.10 
1.90 
1.70 
1.50 
1.30 
1.20 
1.10 
2.20 
2.00 
1.80 
1.40  , 
1.20 
1.10 
1.10 
3.80 

2.30 
3.20 

3 

9.60     5.30 
8.50     5.00 

7.00 

4 

5.70 

5 

7.20 
6.00 
5.50 

4.80 
4.70 
4.60 

4.50 

6 

1.50  \  1.40 

4.10 

7 

1.40 
1.20 

1.20 
1.00 

4.00 

8 

.5.00     6.40 
4.80     5.20 
4.60     5.00 
4.60     4.80 

3.90 

• 
9 

1.50     1.90 

1.40     1.80 

1.10     2.30 

1.00  1  2.00 

.90     1.80 

.80  1  1.60 

.70     1.50 

.60  '  1.40 

.60     1.30 

.60     1.20 

.60     1.20 

.60     1.20 

.60  ;  1.1 

.60  i  1.1 

3.70 

10 

3.90 

11 

2.90 

12           

4.40 
4.80 
4.60 
5.90 
8.40 
10.20 
7.40 
5.70 
5.30 
5.20 
6.00 
4.80 
4.  HO 
5.10 

4.50 

4.40 

4.30 

4.20 

4.10 

4.50 

5.40 

4.nO 

4.30 

4.10  , 

4.00 

3.90 

3.80 

8.70 

2.60 

13       

2.30 

14         

2.10 

15 

2.00 

16     

7.80 

17  

8.00 

18 

19 

20 

6.00 
4.20 
4.10 

21 

4.80 

22 

4.50 

23 

.50 
.50 

1.1 
1.0 

3.80 

24 

3.30 

25 

.80     1.0    . 

3.00 
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[no.  fA. 


IkiUy  gage  lieight,  in  feet,  of  TaUapoo%a  River  at  Stnrdetxinl^  Ala. — CVintinaed. 


26. 
27. 
28. 
29. 
30. 
31. 


Day. 


190*2. 


Jan. 


3.50 
3.40 
4.00 
4.50 
5.00 
5.00 


Feb. 


3.80 

3.90 

16.10 


Mar. 


Apr. 


4.90     3.70 

6.80     3.70 

16.10  I  3.60 

11.60     3.60 

10.90  I  3.50 

9.20    


May.  June. 

July. 

Auk. 

i 
2.50     1.80 

.90 

.40 

2.40  '  1.20 

1 

.90 

1.20 

2.40  1  1.20 

.80 

2.40 

2.80  1  1.20 

.90 

6.00 

2.30  I  1.10 


2.20 


I 


■I 


1.00 
1.00 


3.40 
2.30 


SepL 


.80 
3.00 
4.10 
3.20 
4.10 


Oct,  ■  Not.  j  TUs' 


1.0 

1.0 

1.0 

.9 

.9 

.9 


5-20  t 
5.00  I 
4.S0  > 
2.80  I 
2.30  ! 


2.'* 
2.60 
2,50 
2.40 
2.60 
3.90 


KHtimaled  rmmthly  diacharge  of  TaUapoom  River  at  Sturdevant,  Ala. 

[Drainage  area,  2,500  square  miles.] 


Dificharge  in  seoond-feet. 


Run-off. 


Month. 


January  . . 
Febniarv  . 

March 

April 

May 

June 

July 

August  . . . 
September 
October. . . 
November 
December 


1902. 


Maximum. 


15,  695 

23,  245 

23,  245 

10,890 

5,000 

4,070 

2,830 

7,790 

4,845 

2,985 

6,550 

10,890 


Minimun\, 


The  year 23,245 


2,  520 

3,760 

5, 310 

3, 914 

1,910 

840 

660 

470 

510 

715 

660 

1,640 

470 


Mean. 


Seoond- 
feet  per  ,  Depth  in 
square       inches, 
mile. 


4,  550  ; 
6,288  i 
9,708  I 
5,677  I 
3,240  ; 
1,544  ' 
1,004  1 
1,298  ' 
1,255 
1,180  i 

2,011 : 

4,412 


1.82 

2.52 

3.88 

2.27 

1.30 

.62 

.40 

.52 

.50 

.47 

.80 

1.76 


2.10 

2.62 

4.47 

2.53 

1.50 

.69 

.46 

.60 

.56 

.l>4 

.89 

2.03 


3,514         1.40  I     18.99 


Rating  table  for  Tallapoosa  River  at  Sturdnxint,  Ala.^  for  1902. 


Gage 
heiglit. 


Fert. 
0.6 
.8 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 
2.2 
2.4 
2.6 
2.8 


Discharge. 

Second-feet. 

555 

660 

775 

910 

1, 055 

1,220 

1,410 

1,640 

1,910 

2,210 

2,520 

2,830 


Oage 
height. 

Fed. 

3.0 

3.2 

3.4 

3.6 

3.8     ' 

4.0 

4.2 

4.4 

4.6 

4.8 

5.0 

5.2 

Gage 
height. 


Feet. 
5.4 
5.6 
5.8 
6.0 
6.  5 
7.0 
7.5 


Discharge. 


5,310     1 

8.0 

5,620    1 

8.5 

5,930    1 

9.0 

6,240    1 

10.0 

6,550    j 

9.5 

Second-feet. 

6,860 

7,170 

7,480 

7,790 

8,565 

9,340 

10, 115 

10»  890 

11,665 

12, 440 

13,  215 

13,990 


Discharge. 


Second-fret, 
14,765 
15, 540 
16, 315 
17,090 
17,865 
18,640 
19, 415 
20,190 
20,965 
21,740 
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EfStinmted  monthly  discharge  of  Tallapoosa  River  al  SturdetKini,  Ala. 

[Drainage  area,  2,600  Hqnare  milefl.] 


Month. 


1900. 


July  19-31 

August 

Septeinl)er 
October  . . 
November 
December. 


1901. 


January  .  - 
February  . 

March. 

April 

May 

June 

July 

August 

September 

October 

November 
December- 


The  year 


Discharge  in  8tH;ond-feet. 

Run-oflf. 

1 

Maximum. 

Minimum. 

Mean. 

Second- 
feet  per 
square 
mile. 

Depth  in 
inches. 

• 

4,002 
2,533 

1.60 

0.77 

1        5, 155 

1,520 

1.01 

1.16 

1       17,090 

1,220 

3,602 

1.44 

1.61 

9,805 

1,220 

3,398 

1.36 

1.57 

7,635 

1,910 

3,  275 

1.31 

1.46 

10,115 

2, 520 

4,330 

1.73 

1.99 

1 

20,345 

4,690 

7,035 

2.81 

3.24 

18,485 

4, 535 

6, 468 

2.59 

2.70 

12,285 

3,450 

5, 315 

2.13 

2.46 

12,440 

4,535 

6,772 

2.61 

2.91 

10, 270 

3,140 

4, 885 

1.95 

2.25 

7,170 

2,365 

4,452  ; 

1.78 

1.99 

5,155 

1,640 

2,795  , 

1.12 

1.29 

16, 625 

1,640 

4,793 

1.92 

2.21 

9,340 

1,640 

2,852 

1.14 

1.27 

7,790 

1,220 

1,946 

.78 

.90 

2,055 

1,220 

1,502 

.70 

.78 

24,150 

1,310 

4,670 

1.87 

2.16 

24,150 

1,220 

1 

4,457 

1 

1.78 

24.16 

HILLABEE   CREEK   NEAR   ALEXANDER,    ALA. 

This  station,  which  was  established  August  29,  1900,  by  J.  R.  Hall, 
is  located  6i  miles  northeast  of  Alexander,  on  the  road  leading  from 
that  town  to  Newsite.  The  gage  is  graduated  to  feet  and  tenths,  is 
placed  vertically,  and  is  in  two  sections.  The  short  section,  which 
reads  from  0  to  5.50  feet,  is  fastened  to  a  post  in  the  edge  of  the  water 
on  the  north  bank,  20  feet  from  the  upstream  side  of  the  bridge.  The 
long  section,  which  reads  from  5.50  to  16  feet,  is  fastened  to  the 
upstream  end  of  the  first  pier  on  the  north  bank.  Both  sections  can 
be  easily  read  from  the  north  approach  to  the  bridge.  The  initial 
point  of  sounding  is  on  the  south  side  of  the  first  pier  on  the  north 
bank.  The  gage  is  referred  to  a  bench  mark  at  the  top  of  a  chord  on 
the  downstream  side  of  the  bridge  at  the  second  pier  from  the  north 
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[ho.  83. 


bank,  and  is  27.6  feet  above  the  zero  of  the  gage.  The  bridge  is  in 
three  spans,  having  a  total  length  of  276  feet,  with  a  north  approach  of 
116  feet  and  a  south  approach  of  124  feet,  making  a  total,  over  all,  of 
616  feet.  The  observer  is  J.  H.  Chisolm,  a  farmer,  whose  post-office 
address  is  Alexander,  Ala. 
The  following  discharge  measurement  was  made  in  1902: 

July  16:  Grage  height,  1.12  feet;  discharge,  169  second-feet. 

Daily  gage  Jieighty  infeet^  of  HUlabee  Creek  near  Alexander y  Ala. 


Day. 


1902. 


6. 


8. 


10. 
11. 
12. 
18. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Jan. 


3.70 
3.50 
3.00 
2.00 
2.00 
2.00 
2.00 
1.90 
1.80 
1.70 
1.70 
1.70 
1.70 
1.60 
1.60 
1.60 
1.60 
1.60 
2.00 
1.90 
2.80 
2.10 
2.00 
2.00 
1.90 
1.90 
1.90 
2.90 
3.00 
2.70 
2.80 


Feb. 


5.30 
7.70 
3.70 
3.00 
2.70 
2.50 
2.40 
2.10 
2.10 
2.00 
2.00 
2.00 
1.90 
1.90 
2.00 
2. -20 
2.10 
2.10 
2.00 
2.00 
2.10 
2.00 
2.00 
2.00 
2.20 
2.00 
7.00 
12.50 


Apr.  '|May.  June. 


4.10  I 
4.00  i 
3.90  1 
2.90 
3.00  ' 
3.50 
3.60 
i2.60 
2.40 
2.30 
2.30 
2.00 
2.50 
3.00 
3.70 
8.00 
8.90 
8.40 
3.10 
3.00 
3.90 
3.50 
4.00 
3.40 
3.00 
3.00 
7.00 
14.00 
8.00 
4.10 
3.90 


3.40 
3.20 
3.00 
3.00 
3.00 
2.90 
4.10 
3.40 
3.20 
2.80 
2.60 
2  60 
2.60 
2.50 
2.40 
2.40 
2.40 
2.40 
2.30 
2.40 
2.30 
2.20 
2.20 
2.10 


1.90 
1".90 
1.80 
1.80 
1.90 
1.90 
1.90 
1.90 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.60 
1.60 
1.80 
2.00 
1.90 
1.90 
1.80 
1.80 
1.80 
1.70 


2.10 

1.70 

2.00 

1.70 

2.00 

1.70 

2.00 

1.60 

2.00 

1.60 

2.00 

1.60 

1.60 

1.60 

1.60 

1.70 

1.70 

1.70 

1.60 

1.60 

1.60 

1.60 

1.50 

1.50 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.30 

1.30  I 

1.20  I 

1.20  I 

1.20  I 

1.20  j 

1.10  I 

1.10  I 

1.00 
.90  i 
.90  I 
.80  I 
.90  I 


July.  I  Aug. 


0.80 

.80 

.90 

1.20 

1.10 

1.10 

1.00 

1.00 

.90 

.90 

.90 

.90 

.80 

.80 

.80 

.80 

1.00 

.90 

.70 

.70 

.70 

.70 

.70 

.70 

.70 

.70 

2.00 

1.70 

3.60 

1.90 

1.50 


0.80 
.80  ^ 
.80  1 
.80  i 
.70  i 
.70  I 
.70  1 
.70  I 

t 

.80  j 
1.00  I 
1.10  ' 
1.30  i 
1.30 
1.30 
1.20 
1.20 
1.10 

.90 

.90 

.90 

.80 

.80 

.80 

.70 

.70 

.80 

.80 

.80 

.70 

.70 
70 


Sept.  I  Oct. 


1.40 
3.60 
1.90 
1.60 
1.40 
1.30 
1.20 
1.10 
1.40 
1.30 
1.20 
1.10 
1.10 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
.90 
.80 
.80 
.80 
.80 
2.10 
2.00 
1.80 
1.80 
2.10 
3.40 


3.20 
3.20 
3.00 
3.00 
3.00 
2.80 
2.60 
2.60 
3.30 
4.10 
3.80 
2.10 
2.40 
2.60 
2.30 
2.20 
2.00 
1.60 
1.40 
2.60 
2.40 
2.00 
1.60 
1.40 
1.10 
1.00 
.90 
.90 
.90 
.90 
1,00 


Dec. 


0.90   ; 

1.80 

.80 

6.00 

.70 

4.20 

2.60 

3.50 

3.60 

2.00 

2.60 

1.90 

1.10 

1 

1.90 

1.00  j 

1.90 

1.00  ; 

1.80 

1.00 

1.80 

1.00 

1.70 

1.00   ; 

1.60 

.90   ; 

l.GO 

.90  , 

l.«f 

.80, 

6.00 

.80 

4.00 

1.00 

2.60 

1.00 

2.00 

.90  ' 

1.90 

.90 

1.90 

.90  \ 

1.90 

.80  ■ 

1.80 

.70  1 

2.00 

.70 

2.00 

1.90  ' 

1.90 

1.40  < 

1.80 

1.40  ' 

l.SO 

1.50 

a.  50 

1.60  ' 

2,20 

1.70  ' 

2.00 

1 

1.90 
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Rating  table  for  Hittabee  Creek  near  Alexander  y  Ala.^  for  19012. 


Gflfe 
height. 

1 
DuKharge.  I 

Gage 
height. 

Discharge. 

Gage 
height. 

I 
Discharge. 

Second-feet. 

Gage 
height. 

F^et. 

Discharge. 
Second-feel. 

F^eL 

Sacond-feet. 

Feet. 

Seamd-feei. 

Feet. 

0.8 

125 

2.2 

478 

'       3.6 

1,094 

5.0 

1,710 

I.O 

138 

2.4 

566 

i       3.8 

1 

1,182 

6.0 

2,150 

1,2 

156 

2.6 

654 

4.0 

1,270 

7.0 

2,590 

1.4 

184     ' 

2.8 

742 

4.2 

1,358 

8.0 

3,030 

1       1.6 

230    ; 

3.0 

830 

1       4.4 

1,446 

9.0 

3, 470 

1.8 

303 

3.2 

918 

4.6 

1,534 

10.0 

3,910 

2.0 

390 

1 

3.4 

1,006 

4.8 

1,622 

11.0 

4, 350 

Eslimaled  moulhly  ducharge  of  Hillabee  Creek  near  Alexander ^  Ala, 

[Drainage  area,  214  square  miles.] 


Month. 


Discharge  in  second-feet. 


Run -off. 


Maximum. 


1902. 

January 

February  

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year  . . , 


1,138 

5,010 

5,670 

1,314 

390 

263 

169 

1,094 

1,094 

1,314 

1,094 

2,150 


5, 670 


Minimum. 


Mean. 


Second- 
feet  per 
square 
mile. 


Depth  in 
inches. 


230 

459 

2.14 

2.47 

346 

a54 

3.99 

4.15 

390 

1,284 

6.00 

6.92 

390 

647 

3.02 

3.37 

230 

294 

1.37 

1.58 

125 

186 

.87 

.97 

120 

137 

.64 

.74 

120 

182 

.85 

.98 

125 

254 

1.19 

1.33 

131 

525 

2.45 

2.82 

120 

213 

1.00 

1.12 

230 

569 

2.66 

3.07 

120 

467 

2.18 

29.52 
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STREAM  HEASCBEICENTS   IK  19Q2,  FART   II. 
TALLADEGA   CREEK  AT  NOTTINGHAM,    ALA. 


[NO.  81 


This  station  is  located  on  the  Southern  Railway  bridge,  a  fourth  of 
a  mile  from  the  depot  at  Nottingham,  Ala.,  and  1  mile  north  of  Alpine, 
Ala.  The  gage,  which  is  graduated  to  feet  and  tenths  and  is  20  feet 
long,  is  fastened  vertically  to  a  tree  on  the  right  bank,  about  50  feet 
upstream  from  the  bridge.  The  initial  point  of  sounding  is  end  of 
iron  bridge,  upstream,  right  bank.  The  bench  mark  is  the  top  rail  on 
the  upstream  side  of  the  bridge,  and  is  24.13  feet  above  gage  datum. 
The  section  is  a  good  one,  and  is  free  from  piers.  The  observer  is 
R.  M.  McClatch}',  station  agent  at  Nottingham. 

The  following  discharge  measurements  were  made  during  1902: 

January  16:  Gage  height,  1.30  feet;  discharge,  1.55  second-feet. 
July  17:  Gage  height,  0.90  foot;  dischai^e,  97  second-feet. 
October  18:  Gage  height,  0.80  foot;  discharge,  78  second -feet. - 
November  13:  Gage  height,  0.70  foot;  discharge,  63  second-feet. 

Daily  gage  height^  infeet^  of  Talladega  Creek  at  Nottingham^  Ala. 


Day. 

Jan. 

1 
1 

Feb. 

Mar. 

1 
Apr. 

May. 

June. 

i 

July. 

Aug. 

Sept. 

|Oct. 

1 

Nov. 

1902. 

1 

1 
1 

1 

1 

1 
1 

1 
1 

1 

1 

1 

1 

!  2.40 

5.60 

5.00 

8.50     1.80 

2.60 

0.90 

0.90 

1  1.00 

1.40 

0.70 

2 

'  2.20 

1 

8.90 

8.70 

8. 10     1. 70 

1.50 

.90 

1    .80 

.90 

1.10 

I     .70 

8 

2.00 

4.40 

8.10 

2.90  1  1.60 

1.30 

.90 

1    -80 

.70 

.90 

1     .70 

4 

1  1.80 

8.80 

2.90 

2.90 

1.50 

1.30 

.90 

.80 

.70 

.80 

1     .70 

5 

1.70 

2.70 

4.60 

2.70 

1.50 

1.20 

1.00 

.80 

.70 

.70 

.70 

6 

1.60 

2.50 

8.30 

2.50 

l.SO 

1.10 

1.00 

.80 

.70 

.70 

1.90 

7 

1.50 

2.30 

2.90 

3.60 

1.60 

1.10 

1.00 

.80 

.70 

.70 

1  1.10 

8 

1.50 

2.10 

2.60 

8.20 

1.90 

1.10 

.90 

.80 

.70 

.70 

.90 

9 

1.50 

2.10 

2.50 

8.00 

1.70 

1.10 

1.00 

.80 

.70 

.70 

.80 

10 

1.50 
1.40 
1.40 
1.30 
1.80 
1.30 
1.30 

2.00 
1.90 
1.90 
1.90 
1.90 
2.30 
2.10 

2.40 
2.80 
2.20 
2.20 
2.10 
2.60 
7.60 

2.70 
2.60 
2.30 
2.30 
2.30 
2.20 
2.10 

1.60 
1.60 
1.50 
1.40 
1.40 
1.40 
1.40 

1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 

1.50 
2.00 
1.50 
1.20 
1.00 
1.00 
1.00 

1.00 
1.20 
1.50 
1.10 
1.00 
.90 
.80 

.70 
.70 
.70 
.70 
.70 
.70 
.70 

.70 
4.10 
1.90 
1.30 
1.00 
.80 
.80 

.80 

11 

1 
.70 

12 

70 

13 

.70 

14 

.70 

16 

70 

16 

.70 

17 

1.30 
1.30 
1.40 
1.90 
2.10 
1.70 

1.90 
1.80 
1.80 
1.90 
1.80 
2.00 

3.80 
2.70 
2.60 
2.40 
2.40 
2.30 

2.  .50  1  1.50 
2.30  !  1.60 
2.20     1.50 

1.10 
1.00 
1.00 
1.00 
1.00 
1.10 

.90 
.90 
.90 
.90 
1.50 
1.10 

.80 
.80 
.80 
.80 
.80 
.70 

.70 
.70 
.70 
.70 
.60 
.60 

.80 
.70 
.80 
.80 
.80 
.80 

70 

18 

1.20 

19 

1.00 

20 

2.10 
2.00 

1.40 
1.30 

90 

21 

.80 

22 

1.90     1.30 

-80 

23 

1.60 
1.50 
1.80 
1.60 
1.80 

1.90 
1.80 
1.90 
1.80 
8.60 

2.20 
3.20 
3.20 
2.50 
2.50 

1.90 
1.90 
1.80 
1.80 

1.30 
1.30 
1.20 
1.20 

1.10 
.90 
.90 
.90 
.90 

1.00 
1.00 
1.00 
1.00 
1.00 

.70 
.70 
.70 
.70 
.70 

.60 
.60 
.70 
.70 
.60 

.80 
.80 
.80 
.80 
.80 

80 

24 

80 

25 

1  90 

26 

1  40 

27 

1.80  1  1.20 

1.10 

a 

8.30 

12.20 

12.50 

1.80  1  1.10 

.90 

1.00 

1.50 

1.10 

.80 

.90 

29 

4.10 
2.80 
3.50 

10.70 
5.20 
3.90 

1.80     1.10 

.90 

.90 


1.00 
1.00 
1.00 

5.10 
3.10 
1.00 

1.10 
1.70 

.70 
.70 
.70 

80 

80 

1.80 

1.10 
1.10 

70 

81 

• 



Dec. 


0.80 

2.40 

2.70 

1.60 

1.40 

1.20 

1.30 

1.20 

1.10 

1.00 

.90 

.80 

.80 

.80 

.«) 

6.30 

2.50 

1.80 

1.40 

1.20 

2.30 

2.60 

2.20 

1.50 

l.SO 

1.10 

1.10 

1.  10 

1.80 

2.40 

1.80 


NEWELL.  1 
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Rating  table  for  Talladega  Creek  at  Nottingham^  Ala,j  for  1902. 


■     Ga«re 
heii^ht. 


FeeL 
0.6 

.8 

1.0 

1.2 

1.4 

1.6 

l.« 

2.0 

2.  2 

2.4 

2.6 


Discharge. 

1 

F 

Gage 
height. 

Discharge. 

!     Gage 
height. 

Discharge. 
Second-feet. 

Gage 
height. 

Di.Hcharge. 

Serond-fret. 

fTert. 

Second-feet. 

Feet. 

Feet. 

Sf'cvnd-feet. 

51      ■ 

,       2.8 

482 

5.0 

966 

7.2 

1,450 

78 

1      3.0 

526 

5.2 

1,010 

7.4 

1,494 

109     1 

3.2 

570 

5.4 

1,054 

7.  6 

i,5;« 

143 

3.4 

614 

5.6 

1,098 

7.8 

1 ,  582 

179 

3.6 

658 

5.8 

1,142 

8.0 

1,626 

219     1 

i       3.8 

702 

6.0 

1,186 

8.5 

1 ,  736 

262     ' 

4.0 

746 

6.2 

i,2:w 

9.0 

1,846 

306     1 

4  2 

1 

790 

6.4 

1,274 

9.5 

1,956 

350     1 

4.4 

834 

6.6 

1,318 

10.0 

2,066 

394     1 

:  4.6 

878 

6.8 

1,362 

10. 5 

2,176 

4;« 

1      4.8 

922 

7.0 

1,406 

11.0 

2,286 

Kiftimated  monthly  discharge  of  Talladega  Creek  at  Nottingham^  Ala. 

[Drainage  area,  156  .square  miles.] 


Month. 


1902 

January  

Februarv 

March 

April 

May , 

June 

July 

.\U^]8t 

September 

<  )ctol)er , 

November 

December 

The  year  . . . 


Discharge  in  second-feet. 


768 
2,550 
2,616 
658 
284 
4:i8 
;^06 


988 

240 

768 

284 

1,252 

2,616 

161 

262 

328 

262 

126 

93 

93 

64 

51 

64 

64 

78 

51 


Run-off. 


Second- 
feet  per 
square 
mile. 


Depth  in 
inche.<<. 


276 
513 
676 
390 
187 
128 
121 
1:^5 

74 
111 

97 
238 

246 


1.77 
3.29 
4.3:^ 
2.50 
1.20 

.82 

.78 

.87 

.47 

.71  I 

.62 
1.53  ' 


1.57 


2.04 

3.43 

4.99 

2.79 

1.38 

.91 

.JK) 

1.00 

.52 

.82 

.69 

1.76 

21.23 


COOSA    KrV^ER   AT    RIVEKSIDK,  ALA. 


This  station,  described  in  the  Eighteenth  Annual  Report,  part  4, 
|)age  99,  was  established  September  25,  1896,  at  the  bridge  of  the 
Southern  Railway  across  the  Coosa,  JSiver,  at  Riverside,  Ala.    The 
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STBEAM   MEA6UKEMENTS    IN   1902,   PART   U. 


[NO.  S3. 


town  of  Riverside  is  on  the  west  bank  of  the  river,  and  the  railroad 
station  is  1,000  feet  west  of  the  bridge  at  which  the  measurements  are 
made.  The  length  of  the  gage  chain  from  the  bottom  of  the  freight 
to  the  index  is  34.50  feet.  The  bench  mark  is  the  top  capstone  on  the 
large  circular  center  pier  of  the  turn  span,  the  elevation  of  which  is 
26.80  feet  above  gage  datum.  The  channel  is  straight,  the  current 
swift,  but  somewhat  obstructed  by  a  ledge  of  rock  under  water  about 
300  feet  above  the  station.  The  observer  is  J.  W.  Foster,  Riverside, 
Ala.  The  initial  point  is  the  top  of  the  left  abutment  at  the  edge 
toward  the  river,  on  the  downstream  side  of  the  bridge. 

During  1902  the  following  discharge  measurements  were  made: 

April  8:  Gage  height,  7.30  feet;  disc'har^e,  21,138  second-feet. 
June  8:  Gage  height,  2  feet;  discharge,  4,720  Kecond-feet. 
October  17:  Gage  height,  2.30  feet;  discliarge,  5,128  second-feet. 

Daily  gage  fietglit,  iiifeei,  of  Coowi  River  at  Rirergidey  Ala. 
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Rating  table  for  Coosa  River  at  Riverddej  Ala,,  for  190:9, 


Ofl«e 

height. 

Discharge. 

he^t. 

1 

Discharge. 

Gage 
height. 

1 

DiiBoharge. 

Gage 
height. 

Dlschaige. 

Fiert. 

Sfcondrfeet, 

'      Feei. 

Seeond-feet. 

IM. 

Seeond-feet. 

F^et. 

Secondr/eeL 

1.0 

2,470 

4.0 

10,300 

7.0 

21,100 

13.0 

45,100 

1.2 

2,760 

4.2 

11,000 

7.2 

21,900 

13.5 

47,100 

1.4 

3,100 

4.4 

11,700 

7.4 

22,700 

14.0 

49,100 

(        1.6 

t 

3,500 

4.6 

1 

12,400 

7.6 

23,500 

14.5 

51,100 

'        1.8 

3,940 

4.8 

13,100 

7.8 

24,300 

15.0 

53,100 

1        2.0 

4,400 

5.0 

13,800 

8.0 

25,100 

15.5 

55,100 

2.2 

4,900 

1      5.2 

14,500 

8.5 

27,100 

16.0 

57,100 

2.4 

5,430 

5.4 

15,200 

9.0 

29,100 

16.5 

59,100 

1       2.6 

5,970 

5.6 

15,900 

9.5 

31, 100 

17.0 

61,100 

.        2.8 

6,530 

5.8 

16,600 

10.0 

33,100 

17.5 

63,100 

3.0 

7,100 

6.0 

17,300 

10.5 

35,100 

18.0 

65,100 

3.2 

7,700 

i      6.2 

18,060 

11.0 

37,100 

18.5 

67,100 

3.4 

8,330 

6.4 

18,820 

11.5 

39,100 

19.0 

69,100 

3.6 

8,970 

6.6 

19,580 

'     12.0 

41,100 

3.8 

9,620 

6.8 

1 

20,340 

12.5 

1 
1 

43,100 

EstimaJLed  monthly  discharge  of  Coosa  RiverMt  Riverside,  Ala, 

[Drainage  area  7,065  square  miles.] 


Mouth. 


1902. 

January  ..  

February 

March .  .•- 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year  . . . 


Discharge  In  second-feet. 

Run-off. 

Maximum. 

Minimum. 

Mean. 

Second- 
feet  per 
square 
mile. 

Depth  in 
inches. 

55,900 

6,670 

23,804 

3.37 

3.89 

51,500 

12,050 

24,839 

3.52 

3.67 

62,300 

14,850 

34,762 

4.92 

5.67 

55,100 

8,330 

20,872 

2.95 

3.29 

8,330 

4,900 

6,375 

.90 

1.04 

4,900 

3,830 

4,247 

.60 

.67 

6,670 

3, 015 

3,718 

.53 

.61 

5,430 

2,760 

3,577 

.51 

.59 

10,300 

2,610 

3,938 

.56 

.62 

10,300 

2,760 

4,576 

.65 

.75 

9,950 

2,685 

3,994 

.57 

.64 

24,300 

5,430 

12, 719 

1.80 

2.08 

62,300 

2,610 

12,285 

1.74 

23.52 

IBB  83— Os- 


lo 
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COOSA    RIVER  AT   ROME,  GA. 


Coosa  River  is  formed  by  the  junction  of  Etowah  and  Oostanaula 
rivers  at  Rome,  Ga.  Both  the  tributary  rivers  rise  in  the  northern 
part  of  Georgia  and  flow  for  the  most  part  through  a  hilh%  broken 
country,  well  wooded,  about  one-fourth  of  the  land  being  under  culti- 
vation. The  measurements  at  Rome  are  made  on  the  Oostanaula  and 
the  Etowah  just  above  their  junction.  The  Etowah  is  measurexl  at  the 
Second  avenue  bridge  and  the  Oostanaula  at  the  Fifth  avenue  hridtfo 
in  Rome,  and  the  results  are  added  to  give  the  flow  of  the  Coosa.  The 
gage  height  is  taken  from  the  United  States  Weather  Bureau  ga^  at 
the  Fifth  avenue  bridge,  on  the  Oostanaula.  There  is  practical!  v  no 
fall  on  Oosbmaula  River  from  the  Fifth  avenue  bridge  to  the  junction; 
hence  the  gage  is  used  as  a  Coosa  River  gage,  and  gives  the  fluctua- 
tions of  Coosa  River.  This  gage  is  a  4  by  6  inch  timber,  graduatcxl  to 
feet  and  tenths,  and  fastened  to  the  downstream  left-hand  t-orner  of 
the  first  pier  from  the  left  bank.  The  zero  of  the  gage  is  575.79  feet 
above  sea  level.  The  United  States  Weather  Bureau  has  maintained  the 
station  here  for  many  years.  It  is  now  maintained  only  as  a  half-year 
station,  from  November  1  to  April  30,  inclusive;  })ut  W.  M.  Towers, 
the  river  observer,  kindly  reads  the  gage  and  furnishes  the  (loological 
Surve}'  with  monthly  re|x>rts  of  the  daily  gage  heights  for  the  entire 
year  without  charge.  The  channel  of  the  Etowah  is  straight  and  the 
current  swift  and  unobstructed;  but  the  Oostanaula  is  rather  sluggish 
and  somewhat  obstructed  by  piei*s.  The  banks  are  high,  but  liable  to 
oveiHow  at  times  of  high  water. 

The  following  discharge  measurements  were  made  during  1902: 

Juno  24:  Gage  height,  1.30  feet;  discharge,  2,483  se(X)nd-feet. 
October  8:  Gage  height,  0.80  feet;  discharge,  1,800  second-feet. 
November  8:  Gage  height,  1.10  feet;  discharge,  2,332  second-feet. 

Daily  gage  height^  in  feet,  of  Coosa  River  at  Rome,  Ga. 


Day. 


Jan. 


1902. 

1 1  28.00 

2 !  24.60 

3 \  21.90 

4 '  17.60 

5 !    6.60 

6 1    5.60 

7 i    4.60 

8 '    4.20 

9 4.00 

10 ■    3.90 

11 1    8.60 

12 '    3.50 

13 1    3.40 

14 !    3.20 


Feb.  1  Mar.  '  Apr.     May.  i  June. 


11.80 

22.00 

24.00 

20.00 

15.60 

9.80 

6.30 

5.70 

5.00 

4.60 

4.40 

4.00 

3.90 

3.80 


28. 
I  27. 
I  24. 
'  21. 

19. 
I  14. 
'  10. 
I  8. 
'  7. 
'    7. 

'    0. 

I 

1    6. 

'    5. 

I 

5. 


60 
60 
10 
60 
20 
00 

10 ; 

70  i 

2o; 

00  ' 

I 
60  , 

00  ' 

t 

60, 
50  I 


21.30 
14.80 
7.20 
5.80 
5.70 
5.20 
6.70 
6.70 
7.70 
6.60 
5.60 
5.00 
4.70 
4.50 


■2.90 

!  2.90 

;  3.70 

I  3.40 

I  3.20 

1  3.00 

I  2.90 

I  2.80 

I 

I  2.60 
I  2.60 
!  2.50 
i  2.40 
I  2.30 
I  2.30 


1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
2.00 
1.90 
1.90 
1.80 
1.70 
1.70 


Jnly, 


1.00 
1.00 
1.10 
1.00 
.90 
.90 
1.00 
.90 
.90 
I  .90 
'  .90 
I  1.40 
'  1.50 
1    1.80 


rVug.  I  Sept.  I  Oct.  I  Nov.    De<* 


I  1.20 

I  1.00 

I     .80 

.80 

1.50 

1.40 

1.20 

1,20 

.60 

.40 

.30 

.30 

1.00 

.60 


1.00 

.80 

1.20 

1.00 

1.20 

1.00 

.80 

.60 

.90 

1.00 

.90 

.70 

.60 

2.60 


1.60 

1.60 

1.60 

I..""* 

1.00 

2.00 

1.40 

.90 

.80 

.70 

2.30 

2.20 

2.20 

2,00 


0.20 

.20 

.20 

.20 

.20 

.40 

2.00 

1.60 

1.00 

.80 

.80 

.70 

.60 

.60 


1.90 
2.00 
6.20 
6.80 
5.80 
5.00 
4.00 
2.70 
2-50 
1.90 
1.60 
1.40 
1.20 
1.20 


KEWKLL-I 
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Daily  gage  height ^  in  feet,  of  Coosa  River  at  Rome,  Ga. — Continiie<i. 


Day. 


1902. 


15. 
16. 


17 1 

9. 

18 i 

? 

19 ' 

3 

1 
20 • 

3. 

21 

22 

3. 
4. 

23 

5 

24 

4 

25 

3 

26 

3 

«.w. .................... 

27 

3 

2H 

4, 

1 
29 ' 

H 

30 

r> 

'^ 1 

31 

5. 

ftaRe 


Feet. 
0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 
2.2 
2.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3.6 
3.8 
4.0 


Rating  tahl^'ftn'  Coosa  River  at  Rmne,  da.,  for  190^, 


Dischaiye. 


Senrttd-/cct. 


Gage 
height. 


1 
1 
1 
1 
2 
2 
2 
2 
3 
3 
3 
4 
4 
4 
4 
5 
5 
5 
6 
6 


410 
555 
720 
905 
110 
350 
600 
850 
120 
400 
700 
000 
300 
600 
900 
230 
580 
930 
300 
700 


Feet. 
4.2 
4.4 
4.6 
4.8 
5.0 
5.2 
5.4 
5.6 
5.8 
6.0 
6.2 
6.4 
6.6 
6.8 
7.0 
7.2 
7.4 
7.6 
7.8 
8.0 


Discharge. 

Secondr/eei. 

7,102 

7,504 

7,906 

8,308 

8,710 

9,112 

9,514 

9,916 

10, 318 

10,720 

11,122 

11,524 

11,926 

12,  328 

12,  730 

13, 132 

13,534 

13, 936 

14, 338 

14,740 


Gjwe 
height. 


Discharge. 


Gage 
height. 


Feet. 

8.2 

8.4 

8.6 

8.8 

9.0 

9.2 

9.4 

•9.6 

9.8 

10.0 

10.5 

11.0 

11.5 

12.0 

12.5 

13.0 

13.5 

14.0 

14.5 

15.0 


Discharge. 


Second-/ect. 
15, 142 
15,544 
15,946 
16,348 
16, 750 
17, 152 
17,554 
17, 956 
18,  :i58 

18,  760 

19,  7a5 

20,  770 
21,775 
22,780 
23,785 
24,790 
25,  795 
26,80C 
27,805 
28, 810 


Fxt. 
15.5 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
27.0 
28.0 
29.0 
30.0 
31.0 
32.0 
33.0 
34.0 


Second-fceL 
29,  815 
30,820 
32,830 
34,840 
36,850 
38,860 
40,870 
42,880 
44,890 
46,900 
48, 910 
50,920 
52, 930 
54,940 
56, 950 
58,960 
60,970 
62, 980 
64,990 
67,000 
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STRKAM   MEASUREMENTS   IN   1902,  PABT   II. 


[NO.  83. 


Eiftifnaled  moiUhly  discharge  of  Oxmi  River  at  Rome^  Ga, 
[Drainage  area,  4,006  Hquare  miles.] 


Discharge  in  second -feet. 


Month. 


Maximum. 


1902. 


January  . . 
February  . 

March 

April 

May 

June 

July 

Augutit ... 
Septenil)t*r 
Octol)er  .. 
November 
December 


The  vear i      56,749 


Minimum. 


54,940 

46,900 

56,749 

41, 473 

6,115  I 

3,400  I 

3,400  ; 

2,985  I 

6,  700  ' 

3,850 

8,308 

12, 328 


4,450 
6,300 
7,102 
4,750 
3,120 
2,110 
1,635 
1,480 
1,480 
1,410 
1,410 
2,  225 


1,410 


Mean. 


11,816 

14, 812 

21,944 

10, 015 

4,089 

2,836 

2,214 

1,998 

2,5a5 

2,346 

2,572 

5,885 


Run-off. 


Second - 

feet  per    Depth  in 

square    <    incheai. 

mile. 


2.95 
3.70  , 
5.48  I 
2.50  ' 
1.02  ; 

.71  ! 

.  55 

.50 

.6;^ 

.59 

.64 

1.47  . 


3.40 

3.85 

6.32 

2.79 

1.18 

.79 

.63 

.58 

.70 

.68 

.71 

1.69 


6,920  I       1.73  I       23.32 


ETOWAH    RIVER   AT   CANTON,    GA. 

This  station  is  one-half  mile  above  the  mouth  of  Canton  Creek,  and 
is  located  at  the  iron  highway  bridge  over  Etowah  River,  about  1,000 
feet  north  of  and  upstream  from  the  Atlanta,  Knoxville  and  Northern 
Railroad  depot  at  Canton,  Ga.  The  United  States  Weather  Bureau 
gage  rod  is  used.  The  observer  is  J.  A.  Low.  The  bench  mark  is 
on  the  left-bank  pier.  The  iron  bridge  rests  on  four  pieces  of  rail- 
road track  iron,  forming  a  cap.  Measuring  from  the  end  toward  the 
river  on  one  of  these  on  the  upstream  side  of  the  bridge,  its  top  is  23.3 
feet  above  the  datum  of  the  gage.  Up  to  3  feet  ffige  height  the  river 
is  only  116  feet  wide,  and  flows  between  the  piers  on  its  lower  banks. 
Up  to  about  14  feet  it  is  confined  between  it«  upper  banks,  which  are 
the  abutments  at  the  outer  ends  of  the  approaches.  Above  this  stage 
it  begins  to  overflow  the  bottom  lands.  The  initial  point  is  the  top  of 
the  right-bank  pier,  at  its  edge  toward  the  river. 

During  the  year  1902  a  fish- trap  dam  about  1  foot  high  was  con- 
structed across  the  river  about  400  yards  below  the  gage,  which 
changed  the  rating  to  such  an  extent  that  two  different  rating  tables 
had  to  be  constructed  for  the  year.  To  overcome  this  trouble  a  gage 
will  be  placed  below  the  fish  trap. 


XE^rSLJ^.3 
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Digcharge  meafturements  of  Etowah  River  at  Canton^  Ga. 


Date. 


1902. 


Hydrographer. 


Max  Hall. 


March  29 

April  26 OlinP.Hall 

July  12 Max  Hall... 

Au^nist  16 

November  22 


Olin  P.  Hall 
do 


Ga«:e  height. 

Discharge. 

Feet. 

^k&md-fefi. 

15.10 

12,058 

.90 

1,199 

.51 

779 

.20 

419 

.44 

410 

Daily  gage  height^  in  feet,  of  Etowah  River  at  Canton,  Ga, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1902. 
1 

2 

3.70 
3.30 
3.00 
2.90 
2.80 
2-60 
2.20 
2.00 
1.90 
1.70 
1.60 
1.60 
1.50 
1.60 
1.40 
1.40 
1.40 
1.40 
1.60 
1,70 
1.70 
1.70 
1.60 
1.90 
2.00 
1.90 
2.00 
8.00 
3.80 
3.60 
3.40 

5.60 

11.80 

5.40 

3.10 

2.70 

2.30 

2.20 

2.10 

2.00 

1.80 

1.60 

1.60 

1.30 

1.20 

1.20 

1.10 

1.00 

1.20 

1.20 

1.00 

.90 

.70 

.70 

.60 

.50 

.60 

.50 

18.80 

10.80 
4.30 
3.10 
3.00 
2.80 
2.80 
2.60 
2.10 
1.90 
1.80 
1.70 
1.70 
1.60 
1.60 
1.40 
1.80 
3.10 
2.40 
1.70 
1.60 
1.60 
1.60 
1.60 
1.50 
1.50 
1.40 
1.40 
2.60 

16.00 
6.40 
3.20 

2.80 

2.40 

2.10 

1.80 

1.60 

1.50 

1.40 

1.40 

1.30 

1.30 

1.30 

1.20 

1.10 

1.00 

1.00 

1.00 

1.00 

2.40 

1.70 

l.SO 

1.00 

.80 

.70 

.70 

.60 

.90 

.60 

.60 

.60 

.60 

0.50 
1.00 
1.10 
1.00 
.90. 
.80 
.70 
.70 
.60 
.50 
.60 
.50 
.60 
.60 
.50 
.60 
.50 
.50 
.40 
.50 
.60 
.40 
.40 
.40 
.40 
.40 
.60 
.30 
.30 
.30 
.30 

0.40 

.60 

.60 

.30 

.30 

.30 

.30 

1.30 

2.00 

1.80 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

2.40 

2.00 

1.00 

1.00 

1.00 

.80 

.80 

.60 

.60 

.50 

.50 

.40 

.40 

.40 

0.40 
.40 
.30 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.30 
.40 
.30 
.80 
.40 
.40 
.40 
.60 
.60 
.70 
.60 
.60 
.50 
.80 
.80 
.80 
.70 
.80 
.80 
.80 
.60 

0.50 
.60 
.50 
.50 
.40 
.40 
.40 
.40 
.40 
1.00 
1.00 
1.20 
1.00 
.80 
.80 
.20 
.80 
.80 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.40 
.40 
.40 
.40 
.80 
.80 

0.80 

.80 

1.20 

1.20 

1.40 

1.40 

1.00 

1.00 

1.00 

1.00 

1.00 

.80 

.80 

.80 

.80 

1.80 

1.00 

1.00 

1.00 

.80 

.80 

.80 

.60 

3.00 

1.00 

1.00 

1.00 

.80 

.80 

.80 

2.80 
1.80 
.80 
.80 
.80 
.60 
.60 
.60 
.80 
.80 
.70 
.70 
.70 
.70 
.50 
.50 
.60 
.70 
.90 
.90 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 

0.60 

.50 

.50 

.50 

.50 

.80 

.70 

.70 

.60 

.70 

.70 

.80 

.80 

.80 

.80 

.90 

.90 

.90 

1.00 

.90 

.80 

.40 

.70 

.60 

2.10 

4.30 

3.10 

2.50 

2.10 

2.20 

2.70 
4.00 

8 

4.20 

4 

2.  IP 

5 

6 

2.80 
1.80 

7 

1.20 



8 

1.10 

9 

1.10 

10 

1.00 

11 

.90 

12 

IS             

.90 
.80 

14         

.80 

15 

.80 

16 

1.70 

17 

1.60 

18 

1.60 

19 

1.60 

20 

1.50 

21 

1.60 

•22      

1.60 

23               

1.50 

24 

1.40 

25 

1.40 

26 

3.50 

27             

3.60 

28              

3.60 

29              

3.00 

30 

3.00 

31                

3.00 
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[NO.  K5. 


JifUing  table  for  EUrtvah  River  at  Canton,  Ga,,  f<w  1902. 

[Prom  January  1  to  July  81. J 


Gage 
height. 

1 

1 
DiM'hargc. 

Second-feet.  ! 

1 

Gage 
height. 

i 

■ 
Discharge,  i 

Sectmd-Jtri .  \ 

Gage 
height. 

'       Feet. 

1 

'  IMwhargo. 

Second-feet. 

i 

Gage 

,    height. 

1 

1      Feet. 

;  DiHchaii^e. 

1 

nrt. 

1 

1      Fe<i. 

1 

1  Sertmd-/rfi. 

0.4 

820     i 

2.6 

2,648 

7.5 

6, 715 

1     13.0 

11,280 

.« 

988 

2.8 

2, 814     ' 

8.0 

,       7,130 

i     13.5 

11,695 

.8 

1,154 

3.0 

2,980 

i       8.5 

7,545 

;     14.0 

12,110 

1.0 

1,320 

3.5 

3,395 

1      9.0 
9.5 

7,960 

'     14.5 

1 

12, 525     ' 

1.2 

1,486     1 

1 

4.0 

3,810       : 

1 

8, 375 

1     15.0 

1 

12, 940     , 

1.4 

1,652     1 

4.5 

1 

4,225. 

1     10.0 

8,790 

1     15. 5 

13, 355     I 

1.6 

1,818  ; 

5.0 

4,640 

1     10. 5 

9,205 

'     16. 0 

13, 770     1 

1 

1.8 

1,984     1 

5. 5 

5,055 

11.0 

9,620 

'     16. 5 

14, 185 

2.0 

2,150     1 

6.0 

5, 470 

1 

11.5 

10,  o:i5 

'     17.0 

14,600 

2.2 

2,816 

6.5 

5,8a5     1 

1 

12.0 

10, 450 

'     17.5 

15,015 

2.4 

2,482     ! 

I 

7.0 

1 

6,300 

1 

12.5 

1 

10, 865 

1     18.0 

15,4;i0 

[Fr 

om  August  1 1 

to  December  81.] 
2.2     '       1,940 

1 

0.2 

350     ' 

1 

1.2 

1,040     ; 

1       3.2 

2,840 

.4 

420     i 

1.4 

1,220     1 

i       2.4 

2,120 

3.4 

3,020 

.6 

530    1 

1.6 

1,400 

2.  6 

2,300 

3.6 

3,200 

.8 

680 

1.8 

1,580 

1       2.8 

2,480 

3.8 

3,380 

1.0 

860 

2.0 

1,760    i 

1 

3.0 

2,660 

4.0 

3,560 
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Estimated  monthly  diacharge  of  Etowah  River  at  Canton^  Gu. 

[Drainage  area,  604  square  miles.] 


Month. 


1902. 


January  . . 
February  . 

• 

March 

April    

May 

June 

Julv 

August 

September 
October . . . 
Novenaber 
December . 


Discharge  in  second-feet. 


Run-off. 


I 


Maximum. 


Minimum. 


Mean. 


Second- 
feet  per 
square 
mile. 


Depth  in 
inches. 


3,644 
16,094 
13,  770 
2,814 
1,403  I 
2,482 
1,154  ' 
1,040 
2,660 
2,480 
3,830 
3,740 


The  year 16,094 


1,652 
905 

1,652 
988  ' 
740 
740  I 
740 
:^50  I 
530 
470  , 
420  i 
680  j 

:^50 


2,300 
2,698 
2,929 
1,5:^  I 

950 
1,215  ' 
920 
562 
897 
725 
978 
1,737 


3.81 
4.47 
4.85 
2.54 
1.57 
2.01 
1.52 
.93 
1.49 
1.20 
1.62 
2.88 


1,454  I       2.41 


4.39 
4.65 
5.59 
2.83 
1.81 
2.24 
1.75 
1.07 
1.66 
1.38 
1.81 
3.32 

32.50 


COOSA WATTEE   RIVER  AT   CARTERS,  GA. 

This  river  is  formed  by  the  junction  of  Ellijay  and  Cartecay  riv^ers 
at  Ellijay,  Ga.,  and  flows  in  a  southwesterly  direction,  joining  the 
Conasauga  to  form  the  Oostanaula.  Its  drainage  area  is  for  the  most 
part  mountainous  and  covered  with  forest  growth.  The  station  was 
established  August  15,  1896,  at  the  iron  highway  bridge  at  Carters, 
Murray  County,  Ga.,  about  20  miles  northeast  of  Calhoun,  the  most 
convenient  railroad  station.  Carters  is  at  the  head  of  navigation, 
small  boats  running  to  Rome,  Ga.,  and  the  Coosa  River  below.  It  is 
at  the  foot  of  the  great  shoals  made  hy  this  stream  in  cutting  through 
the  Cohutta  Mountains,  the  last  of  which  is  Carters  Shoals,  a  short 
distance  above  the  bridge,  with  a  fall  of  50  feet. 

The  length  of  the  wire  gage  is  37.24  feet.  The  top  of  the  cylin- 
drical iron  pier  at  the  right-bank  downstream  corner  of  the  bridge  is 
30.35  feet  above  gage  datum.  The  current  is  swift,  but  is  broken  by 
a  gravel  bar  al)ove  the  section.  The  bed  is  gravelly  and  not  apt  to 
change.  The  banks  are  high,  but  occasionally  overflow  at  high  water. 
The  observer  is  H.  S.  Weems,  a  merchant  at  Carters,  Ga. 

The  following  discharge  measurements  were  made  during  1902: 

April  28:  Gage  height,  2.72  feet;  dincharge,  1,088  Hecond-feet. 
August  8:  Gage  height,  0.95  feet;  discharge,  313  second-feet. 
November  4:  Gage  height,  0.85  feet;  discharge,  273  second-feet. 
December  30:  Gage  height,  2.1^  feet;  discharge,  902  second-feet. 
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STBEAM   MEA8UBEMENTS    IK   1902,  PABT   II. 
Daily  gage  hetghty  in  feet,  of  CoosawaUee  River  at  Carters^  Go. 


[NO.  83. 


Day. 

Jan. 

1 

1902. 

9.00 

2 

7.00 

8 

6.00 

4 

6.00 

6 

4.00 

6 

3.00 

7 

2.90 

8 

2.90 

9 

2.80 

10 

2.80 

11 

2.70 

12 

2.70 

13 

2.80 

14 

2.80 

16 

2.70 

16 

2.60 

17 

2.60 

2.60 

19 

2.60 

20 

2.50 

21 

2.40 

22 

2.60 

28 

2.60 

24.... 

2.40 

26..; 

2.40 

26 

2.40 

27.... 

2.60 

28 

2.60 

29 

2.60 

30 

2.90 

81.... 

3.50 

Feb. 


11.00 
9.00 
7.60 
6.00 
4.00 
3.90 
3.80 
3.80 
3.70 
3.70 
3.60 
3.60 
3.60 
3.40 
3.40 
3.60 
3.50 
3.50 
3.60 
3.70 
3.80 
4.00 
4.00 
3.80 
3.60 
3.50 
4.00 

23.00 


Mar. 


Apr. 


16.00 
16.00 
10.00 
9.00 
8.00 
6.50 
6.00 
4.00 
3.60 
3.50 
3.90 
3.80 
3.70 
3.50  I 
3.40  ' 
6.40  I 
6.20  I 
3.80  j 
4.70  ; 
4.40  I 
3.40 
3.80 
3.30 
3.30 
3.30 
3.40 
3.50  , 
4.20  ' 
18.00  I 
5.00  I 
4.70  I 


4.00 
3.90 
3.80 
4.00 
3.80 
3.40 
3.60 
3.80 
3.70 
3.40 
3.30 
3.30 
3.30 
3.20 
3.20 
3.10 
3.10 
3.20 
3.00 
2.90 
2.90 
2.80 
2.90 
2.90 
2.90 
2.80 
2.80 
2.80 
2.90 
3.00 


May. 


3.00 

3.00 

2.90 

2.70 

2.60 

]  2.70 

I  2.60 

I  2.50 

'  2.40 

I  2.40 

I  2.40 

2.30 

'  2.30 

;  2.20 

2.20 

'  2.80 

2.30 

2.50 

2.80 

2.20 

2.40 

2.20 

2.10 

2.00 

1.90 

2.00 

2.00 

1.90 

1.90 

1.80 

1.80 


June. 


1.70 
1.70 
1.80 
1.80 
1.80 
1.70 
1.90 
2.50 
2.30 
1.80 
1.70 
1.70 
1.60 
1.60 
1.70 
1.80 
1.70 
1.50 
1.50 
1.40 
1.40 
1.50 
1.50 
1.60 
1.60 
1.50 
1.40 
1.40 
1.60 
1.60 


July. ;  Aug. '  Sept, 


1.70 
1.70 
1.60 
1.60 
1.60 
1.60 
1.70 
1.60 
1.50 
1.50 
1.60 
1.60 
1.60 
1.40 
1.40 
1.30 
1.30 
1.30 
1.20 
1.20 
1.20 
1.20 
1.10 
1.10 
1.10 
1.00 
1.00 
.90 
.90 
.90 


I 


90  I 


0.90  I 

.80  j 
.90  I 
.80  I 
.80  ' 

.90  ! 

I 
.90  I 

.80  I 

.80  I 

1.00  ' 

2.10  ' 

1.80 

1.50 

1.00 

.90 

.90 

.90 

1.00 

.90 

.80 

.90 

1.00 

.90 

.80 

.80 

.80 

.90 

1.00 

1.40 

1.10 

.90 


0.90 

.80 

1.00 

.90 

1.00 

.90 

.80 

1.00 

.90 

.80 

.80 

2.00 

1.60 

1.10 

.90 

.80 

.80 

.80 

.90 

1.90 

1.10 

.90 

.90 

1.00 

1.20 

2.00 

1.30 

1.10 

.90 

.90 


Oct.  j  Nov. 


1.00 

1.00 

.90 

.90 

1.00 

.90 

.80 

.80 

.80 

.90 

1.40 

1.00 

.90 

2.50 

1.40 

1.20 

.90 

.90 

.80 

.80 

.80 

.90 

.90 

.80 

.80 

.80 

.70 

.70 

.80 

.80 

.80 


0.70  , 

.70 

I 

.80  , 
.80  I 
.80  , 

1.00 

2.00 

1-70 
.90 
.90 
.80 
.70  I 
.70  1 
.80  I 
.80  i 
,70  I 

1.60  I 

1.50  I 

I.IC  ' 
.90 
.90 

1.00 

1.20 

1.60 

6.50 

4.50 

4.00 

3.50 

3.00 

2.50 


Dec. 


2.50 
3.00 
5.00 
4.00 
3.00 
2.00 
1.30 
1.70 
1.50 
1.40 
1.20 
1.10 
1.10 
1.00 
1.00 
3.00 
2.00 
1.80 
1.70 
1.60 
6.50 
4.00 
2,50 
2.00 
1.70 
1.50 
1.30 
1.20 
2.20 
2,00 
1.80 


NKWBL.L.] 

MOBILE 

RTVEB   DBAINAQE   BASIK 

( 

15 

- 

RcUing  table  for  Coosawaitee  River 

at  Curtergj  ( 

Discharge. 
Second-feet.  \ 

Gn. 

Qtkge 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
hei^t. 

Gage 
height 

Discharge. 

.Rk*. 

Secondrfeet. 

Ftei. 

Se  ond-feei. 

FteL 

IM. 

Second-/^. 

0.8 

280 

3.8 

1,750 

6.8 

3,846 

12.0 

7,590 

1.0 

345 

4.0 

1,875 

7.0 

3,990 

13.0 

8,310 

1.2 

420     1 

4.2 

2,010 

7.2 

4,134 

14.0 

9,030 

1.4 

495     i 

4.4 

2,145 

7.4 

4,278 

15.0 

9,750 

1.6 

575     1 

4.6 

2,280 

7.6 

4,422 

16.0 

10, 470 

1.8 

670 

4.8 

2,415 

7.8 

4,566 

17.0 

11,190 

2.0 

765 

5.0 

2,550 

8.0 

4,710  : 

18.0 

11,910 

2.2 

865 

5.2 

2,694 

8.2 

1 

4,854 

19.0 

12,630 

2.4 

970 

5.4 

2,838 

8.4 

4,998    1 

20.0 

13,350 

2.6 

1,075 

5.6 

2,982 

,      8.6 

5, 142 

21.0 

14, 070 

,       2.8 

1,180 

5.8 

3,126 

8.8 

5,286 

22.0 

14,790 

3.0 

1,290 

6.0 

3,270 

9.0 

5,430 

23.0 

15,510 

3.2 

1,400 

6.2 

3,414 

9.5 

5,790    i 

1       3.4 

1,510    : 

6.4 

3,558 

10.0 

6,150 

3.6 

1,625 

6.6 

3,702 

i     11.0 

6,870 

1 

Egtimaied  monthly  discharge  of  Coosawaitee  River  at  Carters^  Ga. 

[Drainage  area,  631  square  miles.] 


Month. 


1902. 


January  .. 
February  . 

March 

April 

May 

June 

Julv 

August 

September 
October  -. 
November , 
December 


Discharge  in  second-feet. 


Ran-off. 


Maximum. 


Minimum.  ,       Mean. 


Second- 
feet  per 
square 
mile. 


Depth  in 
inches. 


5, 430 

15, 510 

11,910 

1,875 

1,290 

1,022 

622 

815 

765 

1,022 

3,630 

3,630 


The  year '      15,510 


970 

1,510 

1,455 

1,180 

670 

495 

310 

280 

280 

250 

250 

345 


1,487 

2,622 

3, 127 

1,437 

927 

614 

469 

.350 

375 

337 

676 

914 


2.80 
4.94 
5.89 
2.71 
1.75 
1.16 
0.88 
0.66 
0.71 
0.63 
1.27 
1.72 


3.23 
5.14 
6.79 
3.02 
2.02 
1.29 
1.01 
0.76 
0.79 
0.  73 
1.42 
1.98 


1,111         2.09 


28.18 
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[KO.  88. 


BLACK   WARRIOR   RIVER  AT   Tl'SCALOOSA,  XhA. 

The  Blac'k  Warrior  River  a}x)ve  Tuscaloosa  is  largel}'  in  aCarljonif- 
erous  formation,  containing  pervious  strata,  porous  shales,  and  lime- 
stone caves,  through  which  a  good  deal  of  water  is  probably  lost  at 
low  season.  A  continuous  record  of  gage  heights  at  Tuscaloosa  since, 
1889  has  been  kept  by  the  United  States  Engineer  Coii:>s.  During 
1895  and  1896  a  number  of  discharge  measurements  were  also  made 
from  which  a  rating  table  was  obtained,  and  since  that  time  measure- 
ments of  flow  have  been  made  regularly  by  the  United  States  Geolog- 
ical Survey,  and  computations  made  of  the  discharge.  The  gage  is 
located  about  three-fourths  of  a  mile  from  the  business  center  of  Tus- 
caloosa, Ala.  It  is  reached  by  passing  down  Bridge  street  to  the  river, 
thence  down  the  east  bank  1,800  feet.  It  consists  of  an  inclined  tim- 
ber 2  by  6  inches,  supported  on  posts  and  graduated  by  means  of 
notches  placed  1  foot  apart  vertically.  There  are  two  bench  marks:  one 
on  a  willow  tree,  10  feet  west  of  the  gage,  and  97.84  feet  above  the 
Mobile  datum;  the  other  on  a  small  hackberry,  30  feet  south  of  the 
upper  end  of  the  gage  and  139.36  feet  above  the  Mobile  datum.  The 
zero  of  the  gage  is  87.30  feet  above  the  Mobile  datum.  The  discharge 
measurements  are  made  from  the  highway  bridge  above  the  gage. 
The  channel  is  straight  and  unobstructed.  The  current  is  sluggish  at 
times  of  low  water.  The  banks  are  high  and  rocky  and  not  subject  to 
overflow.  Daily  gage  heights  are  furnished  to  the  Surve\'  by  R.  C. 
McCalla,  United  States  assistant  engineer. 

Daily  gage  height j  in  feet,  of  Black  Warrior  River  at  TuscahxmXy  Ala. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

— 

Nov. 

De<\ 

1902. 

1 

1 

' 

44.00  j  37.80 
38.80  1  47.50 

49.87 
48. 10 
44.00 
37.60 
3;3.60 
35.78 

52.88 
45. 50 
39. 70 
:i5.00 
32.00 
29.00 

10.85 
9.90 
8. 32 
6.51 
5.50 
5,00 

1.52 
1.48 
1.40 
1.52 
1.40 
1.30 

0.35 
.'30 
.15 
.00 
.00 
.03 

0.04  1  2,52 
.  05     2. 20 

5.61 
5.50 
5.00 
5. 50 
6.62 
5.. -51 

4.90 
4. 89 
4.89 
4.90 
1.91 
4.94 

8..'i0 

9.50 

:J4. 10 

48. 40 
45.00 

.08 
.15 

2.85 
4.87 

i;i  .\5 

28.50 

17. 10 

24.80     40.00 

1.80      4.fi5 

17  M2 

6 

21.15 

36.00 

2.30 

3.50 

15.65 

7 

15.50 

31.00 

36.00 

26. 91 

4.75 

1.'25 

.a5 

1.90 

2. 52 

5. 15 

5.00 

14.90 

8 

14.00 

28. 15 

31.61 

32.70 

5.11 

1.15 

.05 

1.35 

2.00 

5.00 

4.94 

13.40 

9 

12.50  1  24.:t8 

28. 50 

:¥).  75 

5. 15 

1.10 

.15 

.81 

l.()0 

4.95 

4  94 

n.75 

10 

11.00  ;  21.  ro 

25.51 

32.81 

4.75 

Lft^ 

.20 

.69 

1.32 

4.90 

4.89 

10. 25 

11 

9.:i0  '  IS.  00 

23. 10 

29.05 

4.35 

1.00 

.25 

.49 

1.12 

9.6;-) 

1.89 

9.10 

12 

8.50  1  15.40 

20. 40 

2l».  00 

4.05 

.91 

.25 

.48 

.85 

16. 40 

4.90 

8.50 

13 

8.00  \  13.00 

17.70 

23. 32 

3.75 

.80 

.15 

39 

.71 

14.90 

4.90 

8  05 

14 

7.30  j  11.00 
G.70  1  11.50 

15. 52 
15.00 
17.50 
31.80 

20.61 
18.00 
15.82 
14.41 

3. 52 
3.15 
3.60 
6.01 

.72 
.70 
.65 

.5:^ 

.15 
.10 
.10 
.05 

.25 
.18 
.15 

.60 
.40 
.25 

11.75 
8.98 
7.45 
6.40 

4.91 
4.90 
4.89 
4.90 

7.85 

16 

7  15 

1(J 

6.11 
6.65 

19.85 
21.81 

15  00 

17 

■       j     ■    - 

.11  i  .15 

29.65 
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IktUy  gage  height^  infeety  of  Black  Warrior  River  at  TSiscaUtoHa,  Ala. — Continue<l. 


Day. 

Jan. 

5.00 
6.(fi 
7.81 
11.00 
16.15 
20.81 
20.81 
18.50 
16.85 
16.50 
20.00 
28.00 
27.87 
28.50 

Feb. 

Mar. 

29.60 
26.00 
21.30 
18.50 
17.65 
15.21 
13.80 
18.30 
19.00 
35.50 
60.35 
60.60 
58.30 
57.40 

Apr. 

12.93 
11.85 
10.57 
9.61 
8.80 
8.05 
7.72 
7.80 
7.05 
6.72 
6.41 
5.90 
5.75 

May. 

6.52 
6.10 
5.81 
4.55 
3.90 

June. 

.50 

.80 

1.00 

1.60 

1.70 

July. 

.a-i 

.04 
.03 
.03 
.04 
.04 
.10 
.11 
.10 
.11 
.07 
.05 
.a") 
.04 

Aug. 

Sept. 

.12 
.75 
2.21 
3.51 
3.92 
4.30 
4.50 
4.76 
4.83 
4.90 
5.20 
5.08 
5.65 

Oct. 

6.00 
5.83 
5.75 
5.60 
5.60 
5.52 
5.45 
5.36 
5.29 
5.00 
4.90 
4.91 
4.90 
4.92 

Nov. 

5.25 

5.50 

5.M 

5.50 

5.50 

5.45 

5.42 

5.69 

6.75 

13.90 

13.40 

10.42 

9.R5 



Dw. 

1902. 
18 

19.70 

17.fK> 

16.00 
14.51 
14.00 
13.60 
13.05 
12.50 
13.00 
14.00 
41.61 

.10 

.08 

.&«> 

.04 

.10 

.12 

.15 

.10 

.08 

.15 

.61 

1.45 

1.68 

1.98 

28.85 

19 

23.90 

20 

19.16 

21 

16.30 

'XI 

18.00 

23 

3.50  ,  1.72 
3.05  '  1.80 
2.82  '  1.85 

20.30 

24 

18.10 

25 

15.41 

26 

2.76 
2.35 

1.50 
1.10 

13.50 

27 

12.00 

28 

2.03       .65 

10.95 

29 

1.95 
1.81 
1.65 

.40 
.40 

10.00 

30 

11.10 

31 

12. 51 

Rating  ta^defor  Black  Warrior  River  at  Tuttcaloottay  Ala.,  for  1902. 


1 

Gage 
height. 

Discharge. 
Second-feet. 

Gage 
height. 

Feel. 

Di.%harge. 

1 

Gage 
height. 

Discharge. 
Second-feet,  j 

Gage 
height. 

t 
FeH. 

Discharge. 

F^et. 

Second-feet. 

Feet. 

Seamdfed. 

24.0 

14,700 

28.0 

20,900 

32.0 

28,500 

44.0 

61,700 

24.2 

14,960 

28.2 

21,260 

32.5 

29,550 

45.0 

65,250 

24.4 

15,220 

28.4 

21,620 

33.0 

30,600 

46.0 

69,000 

24,6 

15,480 

28.6 

21,980 

33. 5 

31,700 

47.0 

72, 750 

24.8 

15,740 

28.8 

22,340 

J   :w.o 

32,800 

48.0 

76,500 

25.0 

16,000 

29.0 

22,700 

34.5 

33,900    1 

49.0 

.80,  250 

25.2 

16,300 

,     29.2 

23,080 

35.0 

35,000 

50.0 

84,000 

25.4 

16,600 

1     29.4 

24,460 

35.5 

36,250 

51.0 

87,  750 

25.  « 

16,900 

29.6 

24,840 

36.0 

37,'500 

52.0 

91,500 

25.8 

17,200 

29.8 

25,  220 

36. 5 

38,  m) 

53. 0 

95,  250 

26.0 

17,500 

30.0 

24,600 

37.0 

1 

40, 200 

54.0 

99,000 

26.2 

17,840 

30.2 

24, 980 

37. 5 

41,600 

55.  0 

102,  750 

26.4 

18, 180 

1     30.4 

25, 360 

38.0 

43,000 

56.0 

106, 500 

26.6 

18,520 

30. 6 

25, 740 

j     38.5 

44, 500 

57.0 

110,250 

26.  8 

18,860 

30.8 

26, 120 

39.0 

46,000 

58.0 

114,000 

'     27.0 

19,200 

'     31.0 

26, 500 

39. 5 

47, 500 

59.0 

117,750 

27.2 

19,540 

31.2 

'     2(>,  9<X) 

40.0 

49,000 

tJO.O 

121,r>(H) 

27.4 

19,880 

'     31. 4 

27,  :tt)0 

41.0 

52,000    , 

,     27.6 

20,220 

31.6 

27,  700 

42.0 

55, 100 

27.8 

I 

20,560 

31.8 

t 

1 

28,100 

1 

43.0 

58, 300 

i 
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STBEA^  MEASUBBHE^TS  IN  1902,  PABT  II. 


[NO.  83. 


Estimated  monthly  disdiarge  of  Black  Warrior  River  at  Jhiscalootaj  Ala. 

[Drainage  area,  4,900  square  miles.] 


Month. 


Discharge  in  aecond-feet. 


Maximum. 


1902. 

January 

February 

March 

April 

May 

June 

July 

August 

September .' 

October ^ 

November 

December ^ 

The  year 


61,700 

78,000 

123, 750 

94, 875 

5,800 

932 

385 

1,135 

2,915 

8,305 

7,495 

24, 935 


123,  750 


Minimum. 


2,555 

5,885 

7,435 

2,971 

850 

400 

280 

295 

310 

2,500 

2,500 

3,895 


280 


Mean. 


12,  712 

21, 987 

36,776 

18, 707 

2,349 

648 

311 

477 

1,444 

3,393 

3,136 

8,353 


Run-off. 


Seoond- 

feetper 

square 

mile. 


2.59 

4.49 

7.51 

3.82 

.48 

.13 

.06 

.10 

.29 

.69 

.64 

1.70 


Depth  in 
inches. 


2.99 

4.68 

8. 66 

4.26 

.55 

.15 

.07 

.12 

.32 

.80 

.71 

1.95 


9,191  I      1.88         25.27 


BLACK   WARRIOR  RIVER  NEAR  CORDOVA,  ALA. 

This  station  is  located  at  the  Kansas  City,  Memphis  and  Birmingham 
Railroad  bridge,  which  crosses  the  river  below  the  junction  of  the 
Mulberry  and  Spipsey  Forks,  or  about  three-fourths  of  a  mile  from 
Cordova,  Ala.  The  gage  was  established  by  the  United  States  Weather 
Bureau,  but  observations  were  discontinued  bv  that  Bureau  some  time 
ago.  From  12  to  55  feet  the  gage  is  a  vertical  timber  bolted  to  the 
inside  of  the  bridge  pier  on  the  left  bank  of  the  river.  Below  12  feet 
the  gage  was  sloping,  but  it  was  out  of  position  and  could  not  be  used 
when  the  station  was  established  b}^  the  Geological  Survey  on  May  21, 
190(),  so  a  short  new  section  was  put  in  at  that  time.  This  section  is  a 
2-inch  by  10-inch  plank,  graduated  to  feet  and  tenths,  marked  with 
nails  from  —1.5  feet  to  +12.5  feet,  and  spiked  to  a  willow  tree  on  the 
right  l)ank  of  the  river  about  200  feet  below  the  bridge.  The  l)ench 
mark  is  the  top  of  the  stone  pier  on  the  left  bank,  and  is  54.95  feet 
above  the  zero  of  the  gage.  Measurements  are  made  from  the  rail- 
road ])ridgc,  which  is  a  single-span,  iron,  through  bridge  300  feet  long. 
The  section  is  a  good  one.  The  observer,  C.  F.  Diffenderfer,  is 
employed  by  the  United  States  Engineer  Corps,  and  daily  gage 
heights  are  furnished  through  the  kindness  of  R.  C.  McCalla,  United 
States  assistant  engineer. 
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The  following  discharge  measurements  were  made  during  1902; 

January  17:  Gage  height,  0.80  feet;  discharge,  1,384  second-feet 
April  4:  Gage  height,  5.80  feet;  discharge,  7,162  second-feet 
September  22:  Gage  height,  —1.10  feet;  discharge,  74  second-feet « 
October  14:  Gage  height,  0.60  feet;  discharge,  834  second-feet 

DdtLy  gage  JieiglU,  in  feet,  of  Black  Warrior  River  near  Cordova ,  Ala. 


a  EstimAted  from  float  measurement. 
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8TRKAM    MEASUREMENTS    TN    1902,   PART    II. 


[so.  S3. 


Rating  table  for  Black  Warrior  River  near  Cordova^  Ala.j  for  190f. 


Gage 
height. 

Discharge. 
Second-feet. 

Gage 
height. 

1      Feet. 

Di?«charge. 

See^md-feei. 

'     Gage 
height. 

Discharge,  i 
Second-feet. 

height. 
Fret. 

Dliichai^e 

Feet. 

1 

Feet. 

St  .Hmd-feet 

1,0 

95 

;      2.8 

3,404 

1         / .  o 

10,360 

17.0 

24,420 

-  .8 

160 

3.0 

3,700 

1      8.0 

11, 

,100    ' 

17.5 

25 

,160 

-  .6 

260 

3.2 

3,996 

'      8.5 

11 

840 

18.0 

25 

,900 

-   .4 

384 

3.  4 

1 

4,292 

1       9.0 

12 

,580 

19.0 

27 

,380 

518 

(       3. 6 

4,  588 

:      9. 5 

13 

320     1 

20.0 

28 

,880 

.0 

(><>0 

3.8 

4,884 

10.0 

14 

060 

21.0 

:^ 

,:^40 

2 

sio 

1       4.0 

5,180 

10.5 

!•*, 

,800    , 

22.0 

31 

,820 

.4 

968 

1       4.2 

5,  476 

11.0 

1 

15 

,540 

1 

23. 0 

:« 

,:ioo 

.H 

1,1.S4 

1       4.4 

5,  772 

,     11.5 

16 

,280     1 
,  020 

24.0 

:«, 

,780 

.S 

1 ,  307 

4.6 

6,068 

12.0 

17 

25. 0 

36, 

,260 

1.0 

1,486 

1       4.8 

6,364 

12.5 

17 

,760     1 

26.  0 

37, 

,740 

1.2 

1,H6« 

1       ''-  <^ 

6,660 

13.0 

18 

,500     1 

27.  0 

39, 

,220 

1.4 

1 ,  856 

6, 95() 

13.5 

19 

,  240     ' 

28.  0 

40, 

700 

l.H 

2,  (M7 

5.4 

7,  252 

;     14.0 

19 

,980 

29.0 

^2, 

ISO 

l.S 

2,  242 

5.6 

7,  548 

14.5 

20 

,720  ; 

mo 

43, 

am 

2.  0 

2,444 

5.  S 

7,844 

i     15.0 

21 

,4m   , 

31.0 

45, 

,140 

•>  •> 

2,  <i52 

6.0 

8,140 

15.  5 

22 

,200 

32. 0 

46, 

,620 

2.4 

2,  868 

1       6. 5 

8,880 

1     16. 0 

,940     ' 

33.0 

48, 

100 

2.H 

3,118 

:    7.0 

1 

9,620 

1     16.5 

23 

,680 

34.0 

49, 

,5«0 

k^t 

i  ma  ltd  man 

thly  dij*rh 

arge  of  Black  Warric 

T  Ril 

VT  near 

•  Cordwa, 

Ala. 

[Drainage  area,  1,900  nqiiare  miles.] 

DlMcharge  in  second-feet. 


Run-off. 


Month. 


1902. 

January 17, 020 

February  . ., 32,  856 

March 5(5, 980 

Ai)ril 26, 048 

Mav 1,307 

June 518 

July 125 

August 660 

September 260 

October '  3,552 

November 11, 100 

Deceml)er 15, 984 

Theveiir 56,980 


nimum. 

Mean. 

Socond- 
'  feet  per 
square 
mile. 

Depth  in 
inches. 

1 ,  396 

1 

5, 692 

3.00 

3.46 

2,a52 

8,599 

4.  53 

4.72 

3,  258 

13, 764 

7.24 

8.:i5 

1,  050 

5,  366 

2.82 

3.15 

205 

630 

.33 

.38 

125 

193 

.10 

.11 

74 

99 

.a5 

.06 

74 

170 

.09 

.10 

74 

105 

.06 

.07 

160 

536 

.28 

.32 

160 

880 

.46 

.51 

1,050 

4,  395 

2.31 

2.66 
23.89 

74 

3,  369 

1.77 

NEWELL.] 
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BLACK   WARRIOR   RIVER   (lOCDST   FORK   OF)   AT   PAL08,    ALA. 

Ix)cust  Fork  of  Black  Warrior  River  rises  in  Blount  County,  Ala., 
and  flowing  in  a  southwesterly  course  enters  Black  Warrior  River  a 
short  distance  above  Wilmington,  Ala.  Its  drainage  basin  is  hilly, 
and  about  half  its  area  is  in  cultivation.  Palos  station  was  established 
November  26,  1901,  by  R.  C.  McCalla,  United  States  assistant  engi- 
neer, who  furnishes  the  daily  gage  heights  to  the  Geological  Sur- 
vey. It  is  maintained  by  the  United  States  Engineer  Corps.  The 
gage  is  a  4  by  8  inch  timber,  on  the  right  bank  of  Locust  Fork  of 
Black  Warrior  River,  just  below  the  Kansas  Cit}',  Memphis  and 
Birmingham  Railroad  bridge.  One  section  follows  the  sloj)e  of  the 
bank  from  low  water  to  a  tree  on  top  of  the  bank,  and  from  there  up 
a  vertical  section  is  fastened  to  the  tree.  The  slope  is  17  feet  in  ele- 
vation, measured  verticallv,  and  the  vertical  section  of  the  rod  is  15 
feet.  The  rod  is  graduated  to  feet  and  tenths,  with  copper  figures  at 
the  5- foot  points,  and  round-head  tacks  at  intermediate  foot  marks. 
The  total  height  is  32  feet.  The  plane  of  reference  (about  251.71  feet 
above  Mobile  datum)  is  supposed  to  be  extreme  low  water.  High 
water,  April,  190(),  was  about  37  feet  above  the  plane  of  reference. 

Aleasurements  are  made  from  the  Drennan  })ridge,  which  is  about 
a  f|UHrter  of  a  mile  below  the  Kansas  City,  Memphis  and  Birmingham 
Railroad  bridge.  The  Drennan  bridge  is  the  property  of  the  Drennan 
Coal  Mining  Company.  It  is  a  mining  i-ailroad  bridge,  having  width 
for  a  double-track  tramway  of  3-feet  gage.  One  track  is  laid  and  in 
oj)ei"ation.  The  bridge  has  two  iron  spans  of  100  feet  each,  and 
tre^stle  approaches  at  both  ends. 

The  initial  point  for  measurements  is  the  left-bank  end  of  the  iron 
bridge  on  the  downstream  side. 

The  bench  mark  is  the  top  of  the  iron  crossbeam  at  station  80  from 
the  initial  point,  and  was  44.3  feet  above  the  water  when  the  gage 
read  2.50  feet. 

This  bridge  is  lower  and  the  section  is  better  than  that  at  the  upper 
bridge,  from  which  some  of  the  measurements  have  been  made;  but 
there  is  a  raft  against  the  center  pier  that  should  be  removed.  At 
minimum  stages  the  water  at  both  bridges  is  too  sluggish  for  accurate 
measurement. 

Discharge  mecururemenfs  of  Black  Wajru/r  River  (lA)cn8t  Fork  of)  at  Palos,  Ala. 


Date. 


1902. 

January  18 

April  5 

Do 

September  20 

OctoVjer  15 


Hydrographer. 


Gage  height.    Discharge 


K.  T.  Thomas 

do 

do 

J.  C.  Conn 

do 

n  Estimated  from  float  moasureim'ut. 


0.85 

2.60 

2.  50 

.00 

.60 


Second-feet. 
849 
3,224 
3,292 

«n7 

473 
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Daily  gage  height, 

in  feet,  of  Black  Warrior  River  {Locust 

F(/rk  of)  al  Polos,  Ala. 

Day 

. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

THvu 

1902 

. 

1 

2 
S 
4 
5 
6 
1 
« 

10 

11 

12 

ia 

14 
IB 
16 
17 

6.50 
3.40 
2.70 
2.20 
2.00 
1.70 
1.60 
1.60 
1.30 
1.30 
1.20 
1.10 
1.10 
1.00 
.90 
.90 
.90 

8.30 
12.80 
10.20 
6.70 
3.90 
3.00 
2.40 
2.00 
1.80 
1.70 
1.60 
1.50 
1.40 
1.30 
2.20 
2.80 
2.20 

13.30 
6.70 
4.40 
3.00 
5.00 
5.30 
3.70 
3.00 

4.90 
3.60 
2.70 
2.60 
2.50 
2.30 
2.10 
5.80 

0.90 
.80 
.70 
.70 
.60 
.60 

0.20 
.20 
.20 
.20 
.20 
.20 

0.10 
.10 
.10 

0.40 
.30 

aa 

0.10 
.00 
.00 
.00 
.00 

0.10 
.10 
.10 
.10 
.10 

0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

1.10 

> 

1.10 

1.90 
1.90 
1-70 



[ 

.10  1    .90 
.10       .80 
.00  1     .20 
.00       .10 
.00  '     .10 
.10       .10 
.10  ,     .00 
.10       .00 
.10  1     .00 

>..... ....... 

» 

.00  1     .10 
.00  ,     .10 
.00       .00 
.00  1    .00 
.00  1     .00 
.00  '  1.70 
.00     2.00 
.00     1.30 

1.60 

.60  i      .20 

1.50 
1.20 
1.00 
.90 
.80 
.70 
.70 

; 

.50 
.50 
.60 
.40 
.40 
.40 
.40 
.40 
.30 
.60 

.20 
.20 
.20 
.10 
.10 
.10 
.10 
.10 
.10 
..10 

I 

1 
2.50  1  5.00 

2.10  1  3.40 

1.90  1  2.60 

1 

..••.....• 

1.70 
1.60 
1.60 
1.50 
3.40 
4.50 

2.20 
2.00 
1.80 
1.70 
1.60 
1.60 

.10 
.10 
.10 
.00 
.00 

.00 
.00 
.00 
.00 
.00 

.00 
.00 
.00 
.00 

.80 
.60 
.40 
.40 

.60 

1.,.. 

.€0 
3.10 
3.90 



18 

.90 

2.00 

3.00 

1.60  1     .50 

.10 

.00 

.00  '     .00 

.30 

.20 

2.40 

19 

1.00 

1.80 

2.30 

1.40  i     .60 

.10 

.00 

.00       .00       .20 

.'20 

1.90 

20 

1.10 

1.70 

2.00 

1.30  1     .40 

.10 

.00       .00       .00  j     .20 

.20 

1.50 

21 

1.60 

1.60 

1.80 

1.10       .40 

.10 

.10       .00  1     .00  1    .10 

.20 

1.60 

22 

2.50 

1.60 

1.70 

1.00  1     .40 

.10 

.10  1     .00  1     .00  ,    .10 

.20 

2.50 

23 

.......... 

2.40 

1.50 

1.60 

1.00  1     .40 

.10 

.00  '     .00  '     .00       .10 

.20 

2.20 

24 

.......... 

2.30 

1.50 

1.50 

.90       .30 

.10 

.00  '    .00 

.00  1    .00 

.10 

1.80 

25 

2.40 

1.80 

1.90 

.90  1     .30 

.10 

.00  1    .00 

j 

.00       .00 

.20 

1.50 

26 

1.90 

1.60 

1.70 

.90       .30         .10 

.00  1    .00 

.00  ,     .00 

1.10 

1.30 

27 

1.80 

2.20 

6.30 

.80  '    .30         .10 

.00  '     .00 

.00  j.   .00 

1.40 

1.10 

28 

2.10 

14.90 

24.00 

.80       .20 

.10 

.10       .00 

.10  1     .00 

1.10 

1.00 

29 

3.10 

27.00 

.70  1    .20 

.20 

.10  1     .10 

.00  1    .00 

.80  1 

1.00 

30 

3.30 

....... 

25.00 

1.20       .20         .20 

.20  1     .10 

.10  I    .00 

.60 

1.2D 

31 

3.60 
BlaH 



-  Wart 

GlaKe 
eiglit. 

17.90 

20 

.50       .10 

00 

1.40 

....... 

'•» . 

1 

Rating 

table  for 
I)i8chiirK( 

i(fr  Ri 

ver  {Ijoctist.  Fork 

of)  at  PaloSf  Ala 

for 

190^, 

Gage 
heigiit. 

f 
1 

> 

\' 

IHseh 

ATge. 
i-feet. 

1 

Gage 
height. 

1 

1 
Discharge. 

1 

Gage 
height. 

Di 

ischaif 

re. 

Feet.      ' 

1 

Sccond'Jee 

1 
1 

Feet. 

i^fcoru 

Feet. 

Scamd-feet.   , 

Feet. 

Se 

condr/t 

w<. 

0.0    1 

100 

1 

0.9 

900 

'        1.8 

2, 250     1       2.  7 

3,60( 

[)      ' 

.1 

140 

1 

1, 

1.0 

1, 050 

1       1.9 

2, 400     1       2. 8 

3,76< 

} 

.2    1 

190 

1 1 

1.1 

1,200     \      2.0 

2,550 

2.9 

3,90< 

[) 

.3 

245 

1.2 

1, 1^50 

1      2.1 

2,700 

3.0 

4,0» 

.4     1 

310 

1.3 

1,500 

1       2.2 

2,850 

3.1 

4,20< 

.5    1 

390 

1.4 

1,650 

1       2.3 

3,000 

3.2 

4,35( 

.6     1 

1 

490 

1, 

1.5 

1,800 

2.4 

3,150 

3.3 

4,50( 

.7 

1 

610 

1, 

1.6 

1,950 

2.5 

3,300 

3.4 

4,65< 

.8     ' 

1 
1 

750 

1  ' 

1.7 

2,100 

2.6 

3,450 

3.5 

4,80( 
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Estimated  monthly  discharge  of  Black  WarrioT  River  ( Locust  Fork  of)  at  PaloSy  Ala. 

[Drainage  area,  1,020  square  miles.] 


Month. 


1902. 


January  . . 
Febniarj' . 

March 

April 

May 

June 

July 

August  ... 
September 
October... 
November 
December 


Discharge  in  second-feet. 


The  year 


Maximum. 

Minimum. 

Mean. 

Second- 
feet  per 
square 
mile. 

Depth  in 
inches. 

7,800 

900 

2,468 

2.42 

2.79 

21,900 

1,500 

4,746 

4.65 

4.84 

40,050 

1,800 

8,400 

8.24 

9.50 

8,250 

610 

2,635 

2.58 

2.88 

900 

190 

374 

.37 

.43 

190 

140 

160 

.16 

.18 

390 

100 

133 

.13 

.15 

900 

100 

157 

.15 

.17 

140 

100 

104 

.;o 

.11 

2,550 

100 

359 

.35 

.40 

1,650 

100 

282 

.28 

.31 

4,500 

490 

1,784 

1.75 

2.02 

21,900 

100  1 

1,800 

1.76 

23.78 

Run-off. 


TOMBI6BEE    RIVEK   AT   COLUMBUS,  MISS. 

This  station  is  located  about  1,000  feet  below  the  county  highway 
bridg-e,  li  miles  from  the  Southern  Railway  depot  at  Columbus.  The 
rod  is  fastened  vertically  to  the  rock  bluff  on  the  left  bank.  It  is  a 
3  by  10  inch  pine  timber,  45  feet  long,  marked  with  brass  figures  and 
copper  nails,  the  graduations  extending  from— 6  feet  to  +40  feet. 
The  initial  point  of  sounding  is  the  end  of  the  iron  bridge,  on  the 
right  bank,  downstream  side.  Bench  mark  No.  1  is  250  feet  from  the 
initial  point  of  sounding.  The  bridge  floor  at  this  point  is  40.85  feet 
above  the  zero  of  the  rod,  and  the  top  of  the  iron  girder  under  the 
floor  timbers  is  39.85  feet  above  the  zero.  Bench  mark  No.  2  is  the 
top  of  the  I'ail  at  the  depot  of  the  Southern  Railway,  and  is  55.2  feet 
above  gage  datum  and  190.9  above  mean  sea  level.  Measurements 
are  made  from  the  county  highway  bridge.  The  width  of  the  river 
at  low  water  is  160  feet.  The  maximum  recorded  height  of  the  river 
was  on  April  8,  1892,  when  the  gage  registered  42  feet.  The  lowest 
recorded  height  was  on  October  26,  1893,  when  the  gage  reading  was 
—  3.9  feet.  The  danger  line  is  at  33  feet.  The  observer,  J.  J.  Rich- 
ards, is  jmid  by  the  United  States  Weather  Bureau. 

IKR  83—03 11 
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STREAM   MEASUREMENTS   IN    1902,   PART    II. 
IHjicharge  ineamirements  of  Tomhigfjee  Rirer  at  Colunibwtj  MisH. 


[jco.  83. 


Date. 


1902. 


April  :J 

Julv  11 

July  15 

SeptemlxT  2:^ 
SeptemlKT  2H 


Hydrographer 


K.  T.  Thomas. 
J.  C.  (^onn.... 

do 

do 

do 


T 


Gage  height.!   Diaftuiiiee 


FfTt. 

Smmfi'/frl, 

27.«>0 

45,  214 

-  X  40 

.6^7 

-  2.70 

l,avS 

:i.  2o 

.VIo 

3.;io 

4t*8 



Dailg  gage  height^  in  feet j  of  Tombigbee  River  at  ColumbnHy  Mistt. 


Day. 


1902. 


1. 
•> 

#*  • 

3. 

4. 

5. 

C. 

/. 

8. 

9. 
10- 
11. 
12. 
13. 
14. 
15. 
10. 


Jan. 


9.20 

8.90 

7.70 

5.80 

4.00 

2.50 

1.50 

.90 

.50 

.10 

-  .20 

-  .20 

-  .50 
-  .60 

-  .90 
-1.00 


Feb.   Mar. 


17 -1.00 


IS. 

19. 

20. 

21., 

22. 

23. 

24. 

26. 

20. 

27., 

28.. 

29. 


I 


-1.00 

-  .60 

+  .50 

3.10 

5.20 

5.60 

5.80 

5.50 

4.60 

'  4.00 

6.10 

7.40 


14.50  ' 
16.80  I 
17.90  ' 
18.50  , 
19.00  ' 
17.60  i 
16.00 
13.60 
10.70  , 
7.60  ' 
5.60  1 
3.00  ' 
2.10  ! 
1.40  ■ 
4.00 
5.40 
5.60  I 
5,90 
5.60 
4.60 
4.40 
5.30 
5.60  . 
5.30 
6.40  1 
5.80  I 
5.70  I 
8.10  I 


31) 10.00 

31 '  12.40 


9.50 
9.30 
9.30 
9.20 
9.80 
9.20 
8.20 
7.80 
7.00 
6.00 
6.00 
4.20 
4.30 
4.:)0 
4.80 
6.00 
7.40 
7.60 
7.50 
6.79 
5.70 
4.70 
3.50 
4.00 
6.40 
6.10 
13.40 
21.00 
28.00 
:».  50 
30.60 


Apr. 


30.30 

29.40 

28. 20 

26.30 

23.70 

20.50 

18.20 

18.90 

18.30 

17.80 

17.40 

16.00 

13.00 

9.00 

5.60 

4.20 

3.50 

3.00 

2.70 

2.20 

2.00 

1.80 

1.60 

1.10 

.90 

.70 

.60 

.40 

.30 

.30 


Hay 


0.00 

.50 

-1.50 

-  .90 

-  .20 
.10 

-  .40 

-  .60 

-  .40 
.20 

-  .50 

-  .80  i 
1.00 

-1.30 

1.50 

-1.60 

-1.10 

-1.30 

-1.10 

-1.10 

-1.00 

-1.20 

-1.50 

-1.70 

1.90 

2.10 

2.20 

-2.30 

-2.40 

2.50 

-2. 50 


June. 


July.  ,  Aug. 


Sept.  '   iH't.      Nov. 


-2.60 
-2.50   - 
-2.50 
-2.60 
-2.60  ; 
-2.70  I 
2.70  I 
-2.80  i 
-2.80  I 
-2.90  ' 
-2.80  ,- 


2.90 

2.80 

2.90 

3.00 

3.10 

3.20 

3.20 

3.20 

-3.20 

3.10 

3.00 

2.90 

2.80 

3.00 

-3.00 

-3.00 

3.00 

-3.10 

-3.20 


3.20 
3.20 
3.20 
3.20 
3.20 
3.30 
3.30 
3.30 
3.40 
3.40 
3.20 
-3.40 
3.00 
-2.50 
-2.70 
-3.00 
-3.10 
-3.20 
-3.30 
-3.30 
2.70 
-3.00 
-3.00 
-2.90 
-2.90 
-2.80 
-2.90 
-2.90 
-2. 60 
-3.00 
-3.00 


2.60 
1.30 

-  .60 
.20 

-  .10 
.40 

-1.00 
1.60 
2.00 
-2.30 
2.70 
-2.90 
8.00 
8.10 
3.20 


-3.30  I- 

3.30 

3.30 

3.40 
-3.40 

3.40 
-3.50 
-3.50 

3.50 
-3.60 
-3.60 
-3.60 
-3.10 

3.00 

2.50 
-2.40 


2.40  ' 
2.70  I 
-2.40 
-2.20  ' 
-2.60 
-2.20 
-2.20  ' 
-2.10 

-2.20 ; 

-2.40  ' 

-2,70  ! 

-3.00 

-8.20 

-8.30 

-3.40 

3.50 
-3.50 
-3.50 
-3.50 
-3.60 
-8.40 
-3.30 

3.30 
-^3.30 
-3.40 
-3.40 
-8.30 
-3.20 
-3.10 
-2.90 


-2.20 
-1.80 
-  .90 

-  .60 
-1.00 
-1.30 

-1.60 
-2.00 
-2.80 
-2.60 
-2.90 
-2.60 
-2.70 
-2.50 
-2.20 
-2.20 

-2.00 
2.50 
-2.50 
-2.60 
-2.90 
-3.00 
-3.00 
-3.00 
-3.10 
-3.10 
-3.10 
-8.20 
-8.80 
-8.30 
-3.30 


3.:» 

3.30 

-8.80 

3.30 

-3.30 

-3.20 

-8.10 

3.10 

-3.00 

-2.90 

-3.00 

-3.00 

-8,10 

-3.10 

-3.10 

3.00 

-3.00 

3.00 

3.00 

3.00 

2.90 

-2.90 

2.90 

2.90 

-1.40 

.30 

1.20 

2.60 

2.90 

3.50 


Dee. 


8.80 
3.90 
4.90 
MO 
5.70 
6.70 
4.90 

4.eo 

3.90 

3.00 

2.30 

1.60 

.80 

.60 

.60 

1.20 

1.90 

11.10 

11.80 

13.00 

13.20 

14.80 

13.80 

12.10 

10.00 

10.40 

10.60 

10.80 

11.30 

10. 40 

9.50 


KK^WBLL.! 
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RcUifig  UtlAe.for  Tomhighee  River  at  Columbus^  Mistt. 


t 

Disi'hAixe. 
St  fftntl-feH. 

Gaxe 
height. 

DiHehaixe. 

G&ge 
heiKht. 

Met. 

1 

DiKt'haiTire.  I 

1 

Secomlr/cct. 

Gaj^e 
height. 

Feet. 

DlHcharge. 
Srcoiid-feet. 

lYrt. 

Secfmd-feel. 

— :5. 4 

500     ' 

0.2 

3,2:^0     1 

6.5 

10,400 

15.  5 

24,  750 

—3.  2 

6:i0    1 

.4 

3, 410 

7.0 

11,100 

16.0 

25,600 

—X  0 

760     1 

.6 

3,590 

7.5 

11,815 

17.0 

27,  :^oo 

—2.8 

890 

.8 

3,  780  • 

8.0 

12, 540 

18.0 

29,000 

— 2.rt 

i,o:«    1 

1.0 

3,970     , 

8.5 

13,290     ' 

19.0 

:^(),  700 

— 2.4 

1,170 

1.2 

4,160     ■ 

9.0 

14,040     j 

20.0 

32, 400 

1,310     1 

1.4 

4,350 

9.5 

14, 815     1 

21.0 

;H4,  100 

—2.0 

4,450 

1.6 

4,550     , 

10.0 

15, 590 

22. 0 

:i5,800 

— 1.8 

1,590 

1.8 

4,750 

10.5 

l(),  370 

23.0 

37, 500 

— 1.« 

1,740 

2.0 

4,950 

11.0 

17,170 

24.0 

39,200 

1.4 

1,890 

2.5 

5,475     i 

11.5 

17,975 

25.0 

40,900 

—1.2 

2,  (MO 

3.0 

6,020    , 

12.0 

18,800 

26.0 

42,(500 

—1.0 

2,190 

3.5 

6,5a5 

12.  5 

19,650     ' 

27.0 

44,;^00 

—  .8 

2,:^ 

4.0 

7,170 

;     13. 0 

20, 500 

28.0 

46,000 

—   .« 

2, 520 

4.5 

7,  775 

13. 5 

21,;i50 

29.0 

47,700 

—  .4 

2,690     ' 

5.0 

8,400 

14.0 

22,200     i 

30.0 

49, 400 

—  .2 

2,870 

5.5 

9,050 

1     14.5 

23,050 

.0 

3,a50    - 

6.0 

9,720 

15. 0 

1 

1 

23,900    ; 

Kt^invai^d  matUhly  discharge  of  Tombighee  River  at  ('(Uurnhns,  MIh.h. 

[Drainage  area,  4,440  square  milcN.] 


DLsL'harge  In  st'cond-feet. 


Run-t)ff. 


Month. 


Maximum.     Minimum. 


Mean. 


1902.  I 

January ,  19,480 

February |  :A  700 

March '  50,420 

April 49,910  ! 

May 3, 050 

Jiuie 1 ,  HX) 

Julv 1,100 

August 2,960 

Septem  Ix'  r 1 ,  380 

Octol)er 2,  520 

November 6, 5S5  , 

Det-ember '  23,5(i0 

Thevear '  50,420  I 


Second- 
feet  per 
square 
mile. 


Depth  in 
inches. 


2,  HK) 

7,009 

1.58 

1.82 

4,350 

14, 148 

3.19 

3.  32 

6,  585 

15, 583 

3.  51 

4.a5 

3,  320 

18, 180 

4.09 

4.56 

1,1(X) 

2,060 

.46 

.53 

630 

1 

825 

.  19 

.21 

5(X) 

717 

.16 

.18 

370  , 

1,095 

.25 

.29 

4:i5 

790 

.18 

.20 

5(>5 

1,1(55 

.26 

.30 

5(i5 

1 ,  482 

.  33 

.37 

3,  590 

1 1 , 730 

1 

2.64  , 

1 

3.04 

370  ' 

1 

6, 232 

1 

1,40 

18.87 
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MISCELLANEOUS  MEASUREMENTS  IN   MOBILE   RIVER  DRAINAGE    BASIN. 

The  following  miscellaneous  measurements  were  taken  in  the  Mobile 
drainage  basin  during  1002  by  B.  M.  Hall  and  his  assistants: 


Date. 

stream. 

Locality. 

Discharge. 

Apr.      4 

Luxapelila  Creek 

City  waterworks,  Columbus,  Miss, 
(gage  height,  12.4  feet). 

3,854 

June     2 

Tallapoowi  River 

Tallapooea,  Ga.  (gage  height,  1.30 
feet). 

114 

Jane   11 

Etowali  River 

Euharlee,   Ga.,  8  milefl    south  of 
Kingston,  Ga. 

1,393 

June  11 

Etowah  River 

Four  miles  south  of  Kingston,  Ga  . . 
Rockmart,  Ga.  (gage  height,  1  foot) . . 

1,631 

June   24 

Euharlee  Creek 

25 

July    11 

Luxapelila  Creek 

City  waterworks,  Columbus,  Miss, 
(gage  height,  l.(K)feet). 

141 

July    22 
Sept.   23 

Etowah  River 

Loopers  Bridge,  south  of  Dawson, 
Ga. 

City  waterworks,  Columbus,  Miss, 
(gage  height,  1.70  feet) . 

136 

Luxapelila  Creek 

322 

Sept.   25 
Oct.       8 

Euharlee  ('reek 

Euharlee  Creek 

Rockmart,  Ga 

41 

Rockmart,  Ga.   (gage  height,  0.60 
foot). 

13 

Nov.     4 

Talking  Rock  Creek 

Near  Carters,  Ga.  (gage  height,  0.85 
foot). 

55 

PEARL  RIVKR  DRAIIS^AGE  BASIN. 

Pearl  River  rises  in  the  eastern  part  of  Mississippi.  It  flows  south 
into  Lake  Borgne,  an  arm  of  the  Gulf  of  Mexico,  forming  part  of  the 
boundary  between  Louisiana  and  Mississippi.  The  United  States 
Geological  Survey  maintains  one  station  on  this  river,  under  the  direc- 
tion of  B.  M.  Hall.     It  is  located  at  Jackson,  Miss. 

PEARL    RIVER   AT   JACKSON,  MISS. 

This  station  was  osta})lished  June  24,  1901,  by  the  United  States 
Geological  Survey,  and  is  situated  at  the  highway  bridge  2  miles  from 
the  union  station  of  Jackson  and  one-eighth  of  a  mile  above  the 
Alabama  and  Vicksburg  Railway  bridge. 

The  gage  is  a  wire  gage  fastened  to  the  guard  timber  on  the  down- 
stream side  of  the  bridge.  The  rod  is  10  feet  long,  graduated  to  feet 
and  tenths,  and  is  marked  with  staples  and  brass  figures.  Above  10 
feet  the  guard  timber  is  marked.  The  bench  mark  is  the  downstream 
end  of  the  top  of  the  iron  crossbeam  120  feet  from  the  right-bank  end 
of  the  bridge.  This  end  of  the  bridge  is  the  initial  point  for  sound- 
ings. The  elevation  of  the  bench  mark  is  89  feet  above  datum.  The 
bridge  floor  at  the  same  point  is  40. 15  feet  above  datum.  The  observer 
is  James  Hurst, 
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During  1902  the  following  discharge  measurements  were  made  : 

July  14:  <Tage  height,  1.10  feet;  discharge,  193  second-feet. 
September  25:  Gage  height,  0.90  foot;  discharge,  290  second-feet. 

Daily  gage  hevghiy  infect^  of  Pearl  River  at  Jackmn.  Mim. 


Day. 

1 
Jnn. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1902. 

1 

15.00 

13.90 

13.00 

37.20 

6.00 

2.20 

1.30 

1.30 

7.90 

1.90 

i.oo" 

3.10 

2 

15.20 

16.60 

13.00 

36.20 

5.90 

2.20 

1.30 

1.20 

4.80 

2.00 

1.00 

4.60 

8 

15.10 

17.10 

13.00 

34.60 

5.60 

2.10 

1.30 

1.70 

3.60 

2.40 

1.00 

4.10 

4 

l.S.OO 

18.30 

13.20 

513.10 

5.10 

2.00 

1.20 

1.70 

3.40 

2.80 

1.00 

5.30 

5 

14.80 

18.60 

13.40 

:i2.00 

4.90 

2.00 

1.20 

1.60 

3.20 

3.00 

1.10 

5.80 

6 

14.50 

18.40 

13.70 

31.00 

4.80 

1.90 

1.20 

1.60 

2.50 

3.60 

1.00 

6.30 

7 

14.20 

18.30 

14.00 

30.10 

4.60 

1.90 

1.20 

1.40 

3.90     3. '20 

1.00 

6.80 

8 

13.90 

18.20 

13.80 

29.10 

4.30 

1.80 

1.30 

1.40 

3.80  ''  3.10 

1.00 

6.40 

9 

13.40 

17.00 

13.60 

28.10 

4.00 

1.80 

1.-30 

1.40 

3.60  .  2.90 

t 

1.20 

6.00 

10 

12.60 

17.70 

13.-20 

27. 10 

3.90 

1.80 

1.30 

1.40 

3.50     2.80 

1.20 

5.80 

11 

11.80 

17.60 

12.00 

26.30 

3.50 

1.80 

3.50 

1.40 

3.60  \  2.30 

1.30 

5.70 

12 

10.80 

17.40 

12.20 

25.60 

3.20 

1.70 

3.00 

1.40 

3.50 

2.60 

1.30 

5.60 

13 

10.00 

16.90 

11.70 

24.80 

8.20 

1.70 

l.«0 

1.40 

8.50 

2.60 

1.30 

5.20 

14 

9.10 

15.80 

11.90 

24.40 

3.10 

1.70 

1.20  ' 

1.80 

3.90 

2.80 

1.40 

6.70 

16 

8.10 

14.30 

10.30 

24.00 

3.00 

1.60 

1.20 

1.30 

3.70 

3.00 

1.40 

5.10 

16 

8.00 
7.90 
6.70 

12.60 

10.90 

9.70 

9.90 
10.60 
10.60 

23.50 
23.00 
22.30 

2.10 
2.80 
2.60 

1.60 
1.50 
1.60 

1.30 
1.80 
1.20 

1.80 
1.20 
1.20 

3.60     3.20 
3.40     3.30 

1.40 
1.40 
1.30 

10.60 

17 

10.70 

18 

3.00 

3.60 

10.50 

19 

5.10 
5.10 
5.40 
5.60 

9.00 
8.60 
8.30 
8.20 

10.50 

10.00 

9.90 

9.90 

21.20 
19.50 
17.20 
14.00 

3.00 
2.90 
2.80 
2.60 

1.50 
1.40 
1.30 
1.30 

1.10 
1.10 
1.10 
1.10 

1.10 
1.10 
1.10 
1.10 

2.90  '  3..'i0 

1.80 
1.20 
1.20 
1.20 

11.10 

20 

2.60 

3.30 

11.80 

21 

2. 40     3. 20 

11.60 

22 

1.00 

2.00 

12. -20 

23 

5.80 

8.30 

9.90 

11.10 

2.80 

1.30 

1.10 

.90 

1.20     1.90 

1.10 

12.20 

24 

6.40 

9.00 

10.80 

9.30 

3.00 

1.40 

1.10 

1.00 

1.20     1.80 

1.80 

11.90 

•25 

6.90 

10.70 

12.90 

8.10 

3.00 

1.40 

1.20 

.90 

1.10     1.60 

1.70 

11.70 

26 

6.20 

11.40 

13.80 

7.20 

2.80 

1.30 

1.40 

.80 

1.30  '  1.50 

1.80 

11.10 

27 

7.00 

11.60 

22.70 

7.10 

2.70 

1.30 

1.40 

1.00 

1.30  1  1.40 

1.70 

10.80 

28 

7.10 

12.30 

28.55 

6.50 

2.60 

1.80 

1.40 

2.80 

1.40  J  1.30 

1.60 

10.00 

29 

7.20 

30.40 

6.40 

2.50 

1.30 

1^40 

4.50 

1.60     1.20 

1.60 

10.90 

3D 

8.60 

32.10 

0.20 

2.40 

1.30 

1.40 

7.20 

1.80     1.10 

2.60 

8.00 

31 

10.10 



36.50 

2.20 

1.30 

1.40 

7.40 

1.10 

9.90 

EASTERN  MISSISSIPPI  RIVER  DRAINAGE. 

For  convenience  of  classification  the  drainage  areas  of  the  tributa- 
ries from  the  east  tl|at  contribute  to  the  Mississippi  River  di-ainage 
have  been  grouped  tpgether.  These  tributaries  vaiy  widely  in  char- 
acter, as  regards  both  the  types  of  the  rivers  and  the  topography  of 
the  areas  which  they  drain.  Those  draining  the  comparatively  low 
rolling  country  adjacent  to  the  valley  of  the  Mississippi  are  as  a  rule 
sluggish  streams,  with  few  falls  of  importance,  while  the  upper  Ohio 
River  and  its  numerous  tributaries  drain  a  country  of  high  elevations, 
their  upper  courses  being  through  narrow  V-shaped  valleys,  with  fre- 
quent falls  and  with  high  rocky  banks.     Owing  to  the  steep  slopes  the 
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run-off  is  rapid,  causing  sudden  fluctuatioas  in  the  .streams  and  g-iving 
ri.se  to  the  high  floods  and  extreme  low  waters  for  which  the  Ohio 
Basin  is  noted,  and  the  influence  of  which  is  felt  to  a  marked  degree 
even  in  the  flow  of  the  Mississippi  below  Cairo. 

In  this  report  these  drainage  areas  have  been  arranged  geographically 
from  north  to  south,  and  the  Ohio  River  drainage  has  l>een  divided 
into  its  smaller  systems.  The  following  are  the  systems  from  which 
the  United  States  Geological  Survey  has  obtained  data  during  1902: 
Those  which  enter  the  Mississippi  above  the  mouth  of  the  Ohio  are 
the  Chippewa,  Black,  and  Wisconsin  rivers  in  Wisconsin,  and  Rock 
River  and  Illinois  River.  Those  that  enter  the  Ohio  from  the  north 
are  the  Wabash  and  the  Muskingum.  Those  entering  the  Ohio  from 
the  south  are  the  Monongahela,  the  Kanawha,'  the  Cumberland,  and 
the  Tennessee.     Entering  ))elow  the  mouth  of  the  Ohio  i^;  the  Yazoo. 

CHIPPEWA  RIVER  I>RAINAGE  BASIN. 

Chippewa  River  rises  in  the  southeastern  part  of  Ashland  County, 
Wis.  It  flows  southwest,  emptying  ilito  the  Mississippi  near  Wabjisha, 
Minn.  Its  principal  tributary  is  the  Flambeau,  which  enters  from  the 
east  in  Oati^s  County.  During  the  latter  part  of  the  year  1902,  the 
United  States  Geological  Survey  began  systematic  measurements  in 
this  and  other  dminage  basins  of  Wisconsin.  This  study  is  carried 
on  in  coopenition  with  the  Wisconsin  Geological  and  Natural  History" 
Survey,  under  the  direction  of  L.  S.  Smith,  hydrographer  of  the 
latter  survey.     The  field  work  is  performed  by  L.  R.  Stockman. 

A  gaging  station  has  been  established  in  this  basin  at  Eau  Claire,  Wis. 

CHIPPEWA    RIVER   NEAR   EAU   CLAIRE,  WIS. 

This  station  was  established  November  13, 1002,  ))y  L.  R.  Stockman. 
It  is  located  on  the  highway  bridge,  3  miles  from  Eau  Claire,  Wis. 
The  gage  is  a  plain  staff  graduated  to  feet  and  tenths,  fastened  to  the 
center  pier  of  the  bridge.  It  is  read  twi<;e  daily  by  R.  F.  Duncan. 
The  channel  is  straight  for  300  feet  a))ove  the  station  and  for  8(K)  feet 
below.  The  left  bank  is  low  and  liable  to  oveiflow.  The  right  bank 
is  high  and  rocky;  the  })ed  of  the  stream  is  sandy  gmvel.  The  initial 
point  for  soundings  is  a  nail  in  the  foot  board  at  the  right  end  of  the 
bridge.  The  bench  mark  is  a  nail  in  the  top  of  a  6- inch  white-oak 
stump,  200  feet  from  the  road,  and  200  feet  from  the  river;  elevation 
above  zero  of  gage,  20.09  feet. 

The  following  discharge  measurements  were  made  during  1902: 

Novein>)er  18:  (Jage  height,  8.7  feet;  (Hscharge,  11,134  second-feet. 
December  6:  Gage  height,  4.45  feet;  discharge,  2,871  second-feet. 
December  28:  Gage  height,  4.6  feet;  discharge,  3,063  8ecx)nd-feet. 
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Daily  gage  height^  infeetj  of  Chippevxi  River  near  Eau  Claire^  Wis. 


Day 


Nov 


1... 

1902. 

2 ' 

3 

4 

5... 

M 

6 

7 

H ' 

9 , 

10 ' 

11 ! 

1 

De<!. 


(«) 
(«) 
(«) 

(«) 
4.50 

4  45 
4.00 
4.05 
4.05 
4.10 
4.25 


Day, 


1902. 


12. 
13. 
14. 
16. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 


Nov. 


3. 
10. 
12. 
13. 
12. 
10. 

9. 

8. 

7. 


o!^l 

20 
10  ; 
05  ' 
60  I 
85  , 
60 
50 
65 
40 


DtHi. 


4.20 
4.45 
4.25 
4.55 
4.26 
4.30 
4.10 
4.80 
4.25 
4.30 
4.25 


23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Day. 


1902. 


Nov, 


7.15 
7.00 
6.45 
6.20 
6.00 
5. 75 
5.55 


Dec. 


4.50 
4.70 
4.30 
4.90 
5.10 
5:10 
4.50 
4.85 
4.60 


a  No  readings  taken. 


BliACK  RIVKR  DRAINAGK  BASIN. 

Black  River  rises  in  Taylor  Cbunty,  Wis.,  and  flows  southwest, 
emptying  into  the  Mississippi  about  20  miles  above  La  Crosse.  The 
United  States  Geological  Survey  is  maintaining  a  station  on  this  river 
at  Melrose. 

BLACK    RIVER  AT   MELROSE,    WIS. 

This  station  was  established  November  12, 1902,  by  L.  R.  Stockman. 
It  is  located  1  mile  south  of  Melrose,  Wis.,  on  the  highway  bridge. 
The  river  at  this  point  flows  in  two  channels,  which  at  present  have 
piiictically  the  same  elevation.  The  gage  is  a  plain  staflf,  graduated 
to  feet  and  tenths,  nailed  to  the  piling  of  the  bridge.  It  is  read  daily 
by  William  H.  Westfall.  The  channel  is  straight  both  above  and 
below  the  station  for  about  500  feet.  The  right  bank  is  high  and 
rocky;  the  left  bank  is  also  high.  The  bed  of  the  stream  is  sand}'  and 
shifting.  The  initial  point  for  soundings  is  a  nail  in  the  footboard 
on  the  right  bank.  Bench  mark  No.  1  consists  of  a  nail  driven  into 
the  root  of  a  16-inch  black  oak  50  feet  west  of  the  north  end  of  the 
bridge;  elevation  15.23  feet  above  zero  of  the  gage.  Bench  mark  No. 
2  has  an  elevation  of  14.72  above  zero  of  gage.  Assuming  the  eleva- 
tion of  bench  mark  No.  1  at  1,000,  then  elevation  of  bench  mark  No. 
2  is  999.49. 

The  following  discharge  measurements  were  made  during  1902: 

November  12:  Gage  height,  4.5  feet;  discharge,  1,042  second-feet. 
December  26:  Gage  height,  5.70  feet;  (iischarge,  1,557  second-feet. 
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Daily  gage  height,  in  feetf  of  Black  River  at  Melrose^  Wis, 


Day. 

1902. 
1 

1 

i  Dfc. 

1 

1 

1 

2 ■ 

8 ' 

4 

...'  8.75 

6 

...'  8.95 

6 

...'  4.00 

7..... 

...  3.80 

8 

...  4.35 

1 

Day. 

1902. 

9 

10 

11 

12 

13 

14 

15 

16 


1 

Dec. 

i 
4.35  1 

4.30  1 

4.35  ' 

17. 

18 

19 

1 

4.20  I 

20 

4.20  1 

21 

4.10  1 

22 

4,15  ' 

28 

4.10  1 

24 

1 

Day 


Dec. 


1902. 

4.00 

I  4.00 

1  4.06 

I  4. 25 

1  4.60 

I  4.96 

[  6.80 

6.05 


25... 

Day. 
1902. 

1 

Dec, 

1 

5.86 

26... 

'  5.80 

27... 

5.65 

28... 

5.60 

29... 

• 

5.35 

30 

5.20 

WISCONSIN  RIVEK  BRAIN AOE  BASIN. 

Wisconsin  River  is  the  largest  river  in  the  State  of  Wisconsin.  It 
rises  in  the  northern  part  and  flows  south  through  the  central  por- 
tion of  the  State  to  Portage,  where  it  turns  at  nearly  a  tight  angle 
and  flows  west,  emptying  into  the  Mississippi  about  60  miles  above 
Dubuque. 

Gaging  stations  have  been  established  in  this  basin  at  Necedah, 
Muscoda,  and  Merrill.  These  stations  divide  the  river  into  three 
nearly  equal  reaches  of  about  &0  miles  each,  so  furnishing  ample 
opportunity  for  a  systematic  study. 

WISCONSIN   RIVER   AT   MUSCODA,  WIS. 

This  station  was  established  December  20, 1902,  by  L.  R.  Stockman. 
It  is  situated  three-fourths  of  a  mile  north  of  Muscoda  on  the  toll 
highway  bridge.  The  gage  is  a  horizontal  wire  with  a  scale  lx)ard 
graduated  to  feet  and  tenths  and  fastened  to  the  top  of  the  bridge. 
The  initial  point  of  sounding  is  on  the  left  bank,  at  the  end  of  the 
drawbridge.  The  channel  is  straight  for  1,500  feet  and  1,000  feet 
below.  The  right  bank  is  low  and  liable  to  overflow.  The  water  is 
confined  to  the  bridge  opening.  The  left  bank  is  high  and  rocky. 
The  bed  of  the  stream  is  rocky,  with  spots  of  gravel.  The  gage  is  read 
twice  a  day  by  Charles  H.  Lovell,  the  bridge  tender.  Bench  mark  No. 
1,  elevation  684  feet  above  sea  level;  bolt  in  south  end  of  east  guard 
rail  at  south  end  of  bridge.  Bench  mark  No.  2,  elevation  681.17  feet: 
nail  in  root  on  north  side  of  20- inch  black  oak  tree  standing  about  40 
paces  south  by  east  from  the  south  end  of  the  drawbridge.  Bencli 
mark  No.  3,  elevation  680.95  feet;  a  projecting  point  on  a  sandstone 
rock  on  the  east  end  of  south  abutment  near  the  supporting  wheel 
at  end  of  dmwbridge.  On  the  vertical  face  of  the  stone  is  an  arrow 
pointing  upward  to  this  point.  The  stone  is  also  marked  B.  M. 
Bench  mark   No.  4,  elevation   684.25  feet;   a  point  marked  X  on  a 
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foundation  stone  at  the  southeast  comer  of  Lanii)iV  bivwory 
15-foot  mark  has  an  elevation  of  6()8.62  feet. 
The  following  measurement  was  made  in  11^02: 

December  20:  Gage  height,  15  feet;  disc^harge,  6,924  second-feet. 
Daily  gage  height,  in  feet,  of  WiHConMn  River  at  Musrwla,  Wis. 
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WISCONSIN   RIVER   NEAR   NECEDAH,  WIS. 

This  station  was  established  December  2,  1902,  by  L.  R.  Stockman. 
It  is  located  on  the  highway  toll  bridge  3  miles  east  of  Necedah,  Wis. 
The  gage  is  a  plain  staff,  graduated  to  foet  and  tenths,  fastened  to  the 
center  pier  of  the  bridge.  It  is  read  twice  daily  by  Edward  Bundy, 
whose  post-office  address  is  Strongs  Prairie.  The  channel  is  straight 
both  above  and  below  the  station.  The  right  bank  is  high.  The  left 
bank  is  low,  but  the  water  is  confined  to  the  channel  by  the  bridge 
except  when  the  gage  reads  above  11  feet.  The  bed  of  the  stream  is 
gravel  and  sand,  somewhat  liable  to  shift.  The  bench  mark  is  a  nail 
in  a  red-oak  stump  about  60  feet  south  of  the  roadway  and  50  feet 
from  the  i-iver.  Bench  mark  No.  2,  elevation  998.91  feet,  is  a  nuil  in 
the  root  of  a  large  cottonwbod  tree  28  feet  south  of  the  l)ridge  and 
about  80  feet  from  the  river. 

The  following  discharge  measurements  were  made  during  1902: 

DecemV>er  2:  Gage  height,  4.90  feet;  discharge,  3,875  second-feet. 
December  23:  (^age  height,  5.40  feet;  discharge,  3,534  second-feet. 


Daily  gage  Jieight  of  Wisa/nsin  River  near  Secedah,  Wis. 
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WISCX)N8IN    RIVER   AT  MERRILL,  WIS. 

This  station  was  established  November  17, 1902,  by  L.  R.  Stockman. 
It  is  located  on  the  highway  bridge  at  the  east  end,  in  the  city  of  Mer- 
rill, Wis.,  three  blocks  from  the  court-house.  The  gage  is  a  plain 
staff,  graduated  to  feet  and  tenths.  It  is  fastened  to  the  mill  abutment, 
and  is  read  twice  dail}^  by  A.  F.  Lueck.  The  channel  is  straight 
both  above  and  below  the  station.  The  right  bank  is  high  and  the  left 
bank  is  low.  The  riv^er  very  seldom  overflows  its  banks.  The  bed  of 
the  river  is  rocky  and  gravelly.  The  bench  mark  is  a  cross,  cut  in 
the  seat  of  the  abutment  nearest  to  the  city.  Elevation,  1,000.  The 
initial  point  of  sounding  is  a  nail  in  the  footboard  on  the  left  bank  of 
the  bridge.     Elevation  of  zero  of  gage  is  983.75. 

The  following  discliarge  measurements  were  made  during  1902: 

November  17:  Gage  height,  7.6  feet;  dischai^,  9,015  second-feet. 
Decern })er  10:  Gage  height,  3.8  feet;  discharge,  1,394  second-feet. 

Dili  Iff  (jiige  hei^hty  in  feet  j  of  Wisconsin  River  at  Merrill,  IIVji. 
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ROCK    RIVKR    DRAINAGE    BASIN. 

Rock  River  rises  in  the  northern  part  of  Dodge  County,  Wis. 
It  flovvs  southwest  across  Jefferson  and  Rock  counties  to  the  Illinois 
border;  thence  it  flows  across  the  northwestern  portion  of  Illinois, 
emptying  into  the  Mississippi  a  little  below  Rock  Ishmd.  Its  principal 
tributary  is  Catfish  River,  which  rises  in  Lake  Mendota  and  enters 
the  Black  near  Jamestown,  Wis.  The  United  States  Geological  Sur- 
vey maintains  a  river  station  on  (Mfiish  River  at  Madison,  and  gage 
heights  of  Lake  Mendotji  are  also  taken  at  the  same  place. 


CATFISH    RIVER   AT   MADISON,  WIS. 


This  station  was  established  December  18,  1902,  by  L.  R.  Stock- 
man. The  gage  is  located  on  the  lower  side  of  the  Main  Street  bridg-e. 
An  additional  gage  is  maintained  a  few  blocks  away  at  the  outlet  of 
Lake  Mendota,  in  order  to  keep  a  record  of  its  water  surface.     Both 
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gages  are  plain  staffs,  graduated  to  feet  and  tenths.  That  on  the 
bridge  is  nailed  to  the  middle  pier.  Both  gages  are  re^d  once  daily 
by  James  Mackin.  The  channel  is  straight  both  above  and  below  the 
gaging  station  for  over  1,000  feet,  and  the  river  is  confined  to  its 
banks. 

Bench  mark  No.  1,  elevation  assumed  1,000  feet,  water  table  at  the 
northwest  corner  of  Nievuhr's  saloon.  Bench  mark  No.  2,  elevation 
1,004.46  feet,  water  table  at  the  west  corner  of  Hausmann's  malt  house. 
The  17-foot  mark  on  gage  at  Main  Street  bridge  has  an  elevation  of 
992.15  feet.  The  16-foot  mark  on  gage  in  Lake  Mendota  has  an  eleva- 
tion of  997.27  feet,  or  7.19  feet  below  bench  mark  No.  2.  The  16-foot 
mark  at  the  dam  is  6.12  feet  above  the  16-foot  mark  of  Main  street 

gage. 
The  following  discharge  measurement  was  made  in  1902: 

December  18:  Gage  height,  18.9  feet;  discharge,  60  second -feet. 
Daily  gage  Jieight,  in  feet,  of  Catji^h  River  at  Madison^  Wijf. 
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IlilirNOIS  RIVKR  t)rai:nage  basitst. 

Illinois  River  is  formed  by  the  Desplaines  and  Kankakee  rivers, 
which  unite  about  4  miles  below  the  point  where  Dupage  River  enters 
the  Desplaines.  The  principal  tributaries  to  these  rivers  are  Ver- 
milion River,  which  enters  the  Illinois  proper  a  short  distance  below 
Lasalle;  Sangamon  River;  Dupage  River,  which  enters  the  Desplaines 
below  Joliet;  Mazon  River,  which  enters  the  Illinois  near  Morris,  and 
Fox  River.  In  the  latter  part  of  1902  M.  O.  Leighton  visited  this 
section  in  company  with  E.  H.  Heilbron,  an  engineer  of  the  Chicago 
sanitar3'  district.  Mr.  Heilbron  was  afterwards  appointed  resident 
hydrographer,  and  several  stations  were  established,  but  on  account 
of  the  closing  of  the  rivei-s  by  ice  soon  after,  few  gage  heights  and 
discharge  measurements  were  obtained  during  1902.  The  following 
list  gives  the  stiitions  at  which  during  1903  measurements  will  be 
made.  The  descriptions  of  the  following  stations  will  be  found  on  the 
following  pages:  Illinois  River  at  Peoria,  Illinois  River  at  Lasalle, 
Illinois  River  at  Ottawa,  Fox  River  at  Ottawa,  Illinois  River  near 
Seneca,  Illinois  River  near  Minooka,  Desplaines  River  near  Channa- 
hon,  Desplaines  River  above  mouth  of  tFackson  Creek  near  Channahon. 
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ILLINOIS    RIVER  NEAR   PEORIA,  ILL. 

This  station  was  originally  established  by  Jacob  Harmon.  It  was 
reestablished  March  10, 1903,  by  E.  H.  Heilbron.  It  is  located  on  the 
Peoria  and  Pekin  Union  Railroad  bridge  over  the  Illinois  River,  li 
miles  southwest  of  Peoria,  111.,  and  can  be  reached  by  street  cars. 
The  gage  is  a  plain  staff  graduated  to  feet  and  tenths  and  fastened  to 
the  central  pier  of  the  bridge.  It  is  read  twice  daily  b}^  the  superin- 
tendent of  the  bridge,  William  Carrothers.  The  measurements  are 
taken  from  the  bridge,  and  the  initial  point  for  sounding  is  on  the 
right  bank.  The  river  is  straight  for  3,000  feet  above  and  2,0rx>  feet 
below  the  station.  The  right  bank  is  high,  and  the  railroad  embank- 
ment is  along  this  shore.  The  left  bank  is  low  and  liable  to  ovei*flow- 
The  bed  of  the  stream  is  composed  of  gravel.  The  bench  mark  is 
the  southwest  corner  of  the  top  stone  of  the  west  abutment  of  the 
bridge;  elevation,  126.8  feet  (approximately)  below  the  Chicago  datum. 
The  gage  at  this  point  has  for  its  zero  a  point  153.814  feet  l)elow  the 
Chicago  cit}^  datum.  The  gage  reads  up  from  this  point,  and  in  order 
to  obtain  the  height  of  the  river,  refeited  to  the  Chicago  datum,  it  is 
necessary  to  subtract  the  gage  reading  from  153.814  feet. 

ILLINOIS  RIVER  AT   iJkSALLE,  ILL. 

This  station  was  established  November  23, 1902,  by  E.  H.  Heilbron. 
It  is  located  at  the  highway  bridge  at  Shipping  Sport,  li  miles  south- 
east of  the  Chicago,  Rock  Island  and  Pacific  Railroad  depot,  Lasalle, 
111.  The  gage  is  a  plain  staff  graduated  to  feet  and  tenths,  and  fast- 
ened to  the  southwest  corner  of  the  south  pier  of  the  bridge.  The 
observer  is  James  Desper,  who  reads  the  gage  twice  daily.  The  gag- 
ings  are  taken  from  the  bridge,  and  the  initial  point  for  sounding  is  on 
the  left  l)ank.  The  channel  is  straight  for  a  thousand  feet  above  the 
station  and  slightly  curved  for  a  thousand  feet  below  the  station.  The 
right  bank  is  low  and  is  overflowed  at  extreme  high  water.  The  left 
bank  is  high.  The  bed  of  the  stream  is  composed  of  gravel.  The  Big 
and  Little  Vermilion  rivers  enter  the  Illinois  just  above  this  station. 
Bench  mark  No.  1  is  at  the  east  end  of  the  north  abutment  on  the 
second  stone  step  from  the  east  wing  wall.  It  is  a  square  marked 
"U.  S."  cut  in  the  stone.  Elevation,  114.704  feet  below  the  Chicago 
datum.  Bench  mark  No.  2  is  at  the  east  end  of  the  south  pier  and  is 
a  square  marked  ''U.  S."  cut  in  the  stone.  Elevation,  113.243  feet 
below  the  Chicago  datum.  The  gage  is  set  with  its  zero  at  the  same 
elevation  as  the  zero  of  the  Chicago  datum,  thus  giving  directly  the 
elevation  of  the  river  surface  below  this  datum. 

ILLINOIS   RIVER   AT   OTTAWA,  ILL. 

This  station  is  located  at  the  Chicago,  Burlington  and  Quincy  Rail- 
road bridge  at  Ottawa,  ill.,  lx»low  the  mouth  of  Fox  River.     It  was 
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established  November  11,  1902,  by  E.  H.  Heilbron.  The  gage  is  a 
plain  staff  graduated  to  feet  and  tenths,  and  fastened  t®  the  center  pier 
of  the  bridge,  and  is  read  twice  daily  by  D.  C.  Woods.  The  channel 
is  straight  for  a  thousand  feet  above  and  below  the  station.  The  banks 
of  the  river  are  made  up  of  the  railroad  embankment.  The  bed  of  the 
stream  is  composed  of  gravel.  The  bench  mark  is  ''U.  0  S."  cut  in 
the  east  point  of  the  north  pier  of  the  Chicago,  Burlington  and  Quincy 
Railroad  bridge.  Elevation,  48.638  feet  above  the  Hennepin  datum, 
and  103.156  feet  below  the  Chicago  datum.  The  gage  is  set  with  its 
zero  at  the  same  elevation  as  the  zero  of  the  Chicago  datum,  thus 
giving  directly  the  elevation  of  the  river  surface  below  this  datum. 

FOX   RIVER   AT  OTTAWA,  ILL. 

This  station  was  established  November  10,  1902,  by  E.  H.  Heilbron. 
It  is  located  at  the  Main  street  highway  bridge  over  Fox  River  at 
Ottawa,  111.  The  gage  is  a  plain  staff  fastened  to  the  abutment  of  the 
bridge,  graduated  to  feet  and  tenths,  and  is  read  twice  daily  by  D.  C. 
Woods.  The  measurements  are  taken  from  the  bridge.  The  channel 
is  straight  for  300  feet  above  and  600  feet  below  the  station.  The 
banks  are  both  high.  The  bed  of  the  strearii  is  rock  and  gravel.  The 
bench  mark  is  the  top  step  of  the  east  concrete  abutment  of  the  street 
railway  bridge  over  Fox  River  at  Main  street,  Ottawa,  111.  It  is  on 
the  south  wing  wall  at  the  south  end  of  the  parapet  wall.  Elevation, 
t^9.940  feet  below  the  Chicago  city  datum,  and  51.854  feet  above  the 
Hennepin  datum.  The  gage  is  set  with  its  zero  at  the  same  elevation 
as  the  zero  of  the  Chicago  datum,  thus  giving  directly  the  elevation  of 
the  river  surface  below  this  datum. 

ILLINOIS   RIVER   NEAR   SENECA,  ILL. 

This  station  was  established  November  9,  1902,  by  E.  H.  Ileil})ron. 
It  is  located  at  the  Kansas  and  Southern  Railroad  bridge,  2  miles  from 
Seneca,  111.  The  gage  is  a  vertical  staff  graduated  to  feet  and  tenths 
and  fast<*ned  to  the  center  pier  of  the  bridge.  It  is  read  twice  daily 
by  Augusta  Ebeling.  The  measurements  are  taken  from  the  bridge. 
The  initial  point  for  soun(fing  is  on  the  left  Imnk.  The  channel  is 
straight  both  above  and  below  the  station.  Both  banks  of  the  stream 
are  high.  The  bed  of  the'stream  is  composed  of  gravel.  The  bench 
mark  is  a  cut  in  the  southwest  corner  of  the  south  a})utment  of  the 
Kansas  and  Southern  Railroad  bridge  marked  O  S.  D.  B.  M.  Eleva- 
tion, 77.220  foet  l)elow  the  Chicago  city  datum.  The  gage  is  set  with 
its  zero  at  the  same  elevation  as  the  zero  of  the  Chicago  datum,  thus 
giving  directly  the  elevation  of  the  river  surface  below  this  datum. 

This  station  wjis  established  to  show  the  discharge  of  the  Mazon 
River,  which  enters  the  Illinois  a  short  distance  above  the  station. 
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ILLINOIS   RIVER  NEAR  MINOOKA,  ILL. 

This  station  was  established  November  7,  1902.  by  E.  H.  Heilbron. 
It  is  located  at  the  Elgin,  Joliet  and  fkstern  Railroad  bridge,  which 
crosses  the  river  a  short  distance  below  the  Kankakee  cut-off  and  5 
miles  south  of  Minooka,  111.  The  gage  is  a  plain  staff  fastened  to  the 
center  pier  of  the  bridge  and  graduated  to  feet  and  tenths.  It  is  read 
twice  daily  b}^  Jesse  A.  Lyons.  The  measurements  are  taken  from  a 
cable  and  boat.  The  initial  point  for  sounding  is  on  the  left  bank. 
The  channel  is  straight  for  1,0()0  feet  above  the  station  and  2,0CK>  feet 
below.  The  right  bank  is  low  and  liable  to  overflow.  The  left  bank 
is  high.  The  bed  of  the  stream  is  gravel.  The  bench  mark  is  a  cut 
in  the  stone  on  the  south  abutment  of  the  Elgin,  Joliet  and  Eastern 
Railroad  bridge.  It  is  marked  S.  D.  Q  P.  B.  M.  Its  elevation  is  85.030 
feet  above  the  Hennepin  datum  and  6G.764  feet  below  the  Chicago 
city  datum.  The  gage  is  set  with  its  zero  at  the  same  elevation  as 
the  zero  of  the  Chicago  datum,  thus  giving  dii'ectly  the  elevation  of 
the  river  surface  below  this  datum. 

This  station  was  established  to  determine  the  flow  of  Kankakee 
River. 

DESPIJIIXES    RIVER    ABOVE    THE    MOUTH    OF    KANKAKEE    RIVER,     NEAR 

CHANNAHON,  ILL. 

This  station  was  established  October  24,  1902,  by  E.  H.  Heilbron. 
It  is  located  just  above  the  mouth  of  the  Kankakee  cut-off,  and  2  mile-s 
below  the  mouth  of  Dupage  River,  near  Channahon,  III.  The  gage 
is  a  plain  staff  graduated  to  feet  and  tenths  and  nailed  to  a  ti'ee.  It  is 
read  twice  daily  by  E.  A.  Himes.  The  measurements  are  taken  from 
a  cable  and  boat.  The  initial  point  for  sounding  is  on  the  left  bank. 
The  cfiannel  is  straight  for  a  thousand  feet  above  the  station  and 
slightly  curved  for  a  thousand  feet  below.  The  right  bank  is  high 
and  rocky,  and  the  I.  and  M.  Canal  runs  along  the  bank.  The  left 
bank  is  high,  and  the  Kankakee  cut-off  enters  the  river  just  below  the 
gaging  station.  The  l>ed  of  the  stream  is  gravel.  Bench  mark  No.  1 
is  a  nail  driven  into  the  north  side  of  an  elm  tree  about  2  inches  in 
diameter,  on  the  Illinois  and  Michigan  Canal  towpath,  150  feet  north 
of  the  Kankakee  cut-off.  Elevation,  81.501  feet  above  the  Hennepin 
datum  and  70.293  feet  below  the  Chicago  city  datum.  Bench  mark 
No.  2  is  a  nail  in  the  east  root  of  an  elm  tree  on  the  east  bank  of  De^s- 
plaines  River,  50  feet  east  of  the  water  edge  and  200  feet  north  of 
the  Kankakee  cut-off,  opposite  the  point  where  the  I.  and  M.  Canal 
and  Desplaines  River  are  separated.  Elevation,  74.204  feet  below  the 
Chicago  datum.  The  gage  is  set  with  its  zero  at  the  same  elevation 
as  the  zero  of  the  Chicago  datum,  thus  giving  directly  the  elevation  of 
the  river  surface  below  this  datum. 

This  station  was  established  in  order  to  determine  the  flow  of  Dupage 
River. 
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OESPL.AINES   RIVER   ABOVE    THE    MOUTH    OF  JACKSON    (^REEK,  NEAR 

CHANNAHON,  ILL. 

This  station  wa«  established  October  23,  1902,  by  E.  H.  Heilbron. 
It  is  loc*ated  just  above  the  mouth  of  Jackson  Creek,  2^  mih»s  southwest 
of  Millsdale,  111.  The  gage  is  a  vertical  staff  graduated  to  feet  and 
tenths,  and  is  read  daily  by  Ruth  Alexander.  The  nieaisurements  are 
taken  from  a  cable  and  Iwat.  The  initial  jioint  for  sounding  is  a  red 
hub,  driven  in  the  ground  on  the  left  bank  near  the  end  of  the  cable. 
The  channel  is  straight  for  about  3,000  feet  both  above  and  below  the 
station.  Both  banks  of  the  stream  are  low  and  liable  to  overflow, 
but  a  few  feet  from  the  top  of  the  banks  on  either  side  are  high  ridges, 
which  never  overflow.  Measurements  can  be  made  at  all  stages.  The 
bed  of  the  stream  is  gi-avel.  The  bench  mark  is  the  top  of  a  red-oak  hub 
(the  initial  point  for  sounding)  driven  in  the  bluff  between  Jackson 
Creek  and  the  south  bank  of  the  Desplaines  River.  It  is  about  300 
feet  west  of  the  west  line  of  sec.  15,  T.  37  N.,  R.  9  E.,  third  principal 
meridian,  and  is  on  the  farm  owned  b}^  George  Alexander.  Elevation, 
C4. 262  feet  below  the  Chicago  datum.  The  gage  is  set  with  its  zero  at 
the  same  elevation  as  the  zero  of  the  Chicago  datum,  thas  giving 
directly  the  elevation  of  the  riv^er  surface  below  this  datum.  This  sta- 
tion was  located  to  give  the  discharge  of  the  upper  Desplaines  River. 

WABASU  RIVER  DRAINAGE   BA8IN. 

The  drainage  basin  of  the  Wabash  embraces  an  area  of  about  33,000 
square  miles,  distributed  as  follows:  In  Ohio,  400  square  miles;  in 
Indiana,  24,350  square  miles;  in  Illinois,  8,250  square  miles.  It 
drains,  therefore,  slightly  more  than  two-thirds  of  Indiana,  the  area 
of  the  State  being  35,910  square  miles.  Of  the  portion  in  Indiana, 
about  one- half  is  embraced  in  the  drainage  areas  of  the  East  and  West 
W^hite  rivers.  By  including  these  drainage  areas  with  the  Wabash, 
the  entire  basin  has  a  nearly  syinmetrical,  broadly  ovate  form.  Not 
including  the  White  River  system,  the  Wabash  Basin  is  an  unsym- 
metrical,  elongated  tract,  curving  around  White  River. 

The  length  of  the  valley  occupied  by  the  Wabash  is  about  450  miles, 
but  the  length  of  the  stream  is  fully  500  miles,  for  the  river  in  its 
lower  coui'se  makes  several  oxbow  curves  within  the  valley.  The 
source  of  the  river  is  about  1,000  feet  above  tide,  while  its  mouth  at 
low  water  is  but  311  feet.  The  average  fall,  if  we  estimate  the  stream 
to  have  a  length  of  500  miles,  is  therefore  about  16.5  inches  per  mile. 
The  rate  of  descent  is  far  from  uniform,  being  much  more  rapid  in  the 
upper  portion  than  in  the  lower.  There  are  also  many  rapids,  sepa- 
i-ated  by  pools  or  sluggish  portions  of  the  stream.  The  elevation  of 
the  stream  is  accurately  determined  at  many  points,  ))ut  in  the  absence 
of  a  careful  measurement  of  the  length  of  th^  stream- the  rate  of  fall 
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is  ouly  approximately  known.  The  section  above  the  point  where  th, 
river  enters  the  old  lake  outlet,  estimated  to  have  a  length  of  KM)  miles, 
has  a  fall  of  about  800  feet,  or  3  feet  per  mile.  Railway  levels  and 
canal  surveys  at  the  point  where  the  river  joins  the  old  lake  outlet 
show  iti?  elevation  to  be  nearly  700  feet  above  sea  level,  the  altitudes 
reixji'ted  varying  between  696  and  699  feet. 

The  following  table  gives  the  elevation  and  fall  at  various  points  in 
this  basin: 

Tables  of  aUitutlen  ami  diMnnctn  along  lla^KUf/t  River, 


Ix>catiun. 


Sounv , 

Huntington 

Mouth  of  Salamunie  River. . . 
Mouth  of  Mispissinewa  River. 

Ix)gan8port 

Lafayette 

Attica 

Covington 

Terre  Haute 

State  line 

Hut«onville,  111 

Vincennes 

Mouth  of  White  River 

Grayville,  III 

Mouth  of  Little  Wabash 

Mouth  of  Wal)a8h  River 


Estimated 
distance. 

Altitude. 
Feti. 

Fan  per 
mile. 

Milcif. 

Fi^rt. 

0.0 

1,000.0 

0.00 

100.0 

699.0 

35.00 

15.0 

667.0 

25,56 

20.0 

633.  0 

20.40 

20.0 

583. 0 

30.00 

50.0 

506.0 

18.48 

25,0 

487.0 

9.12 

20.0 

470.0 

10.20 

.55.0  1 

•     447. 7 

4.80 

14.6  \ 

440.6 

5.80 

29.0  ' 

424.6 

6.  HO 

46.4  \ 

398.8 

6.60 

32.5  : 

376.5 

8.:« 

28.0  1 

365.0 

5.00 

46.0  1 

323.0 

11.00 

16.0  1 

! 

311.0 

9.00 

»ftl    Sliirv'i 

a  IT  niQinfc 

iit-i£Ai-1  .^-fo 

During  1902  the  L^nited  States  Geological  Survey  maintained  stA- 
tions  in  this  f)ayin  at  Terre  Haute  and  at  Lafavette,  Ind. 


WAB.4SH    RIVER   AT   TERRE    HAUTE,  IND. 

Gage  heights  of  the  Waba.sh  River  have  been  observed  at  the  Terre 
Haute  water  works  since  August  2,  11)02,  by  D.  M.  Raubarger,  as 
shown  in  the  following  table: 
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Daily  gage  height,  in  feet,  of  WaboMh  River  at  Terre  Haute,  Iiui. 


1 
2 
3 
4 

5 
6 
7 
8 
9 
10 


Day. 


1902. 


Aug.    Sept.    Oct.    Nov 


I 


5.20 
5.15 
4.20 
5.05 
4.45 
4.05  ' 
3.75  ' 
3.05  I 

11 2.90  j 

12 2.50 

13 2.:«)  ' 

14 2.30  ' 

15 2.40 

16 2.70  I 


o.ao 

.55 
.50 
.50 
.45 
.70 
.90 
.75 
.50 
.30 
.20 
.25 
.10 


5.00 
5.25 
5.00 
5.85 
6.90 
7.35 
7.65 
8.65 
8.00 
6.70 
5.70 
4.45 
3.50 


,45  I  3.45 

,  35     3. 50 

40  ,  4.10 


1.00 
1.00 
1,00 
1.00 
1.20 
1.50 
1.90 
2.60 
3.20 
3.25 
3.30 
4.a'S 
4.00 
4.00 
3.75 
3.45 


Dee. 


I 


4.10 
4.70 
6.40 
7.40 
7.60 
S.90 
8.40 
6.65 
5.85 
4.95 
4.65 
5.60 
5.75 
6.30 
5.70 
8.40 


17 

Day. 
1902. 

Aug. 

1 
2.65 

18 

'  2.60 

19 

2.30 

20 

• 

2.66 

21 

2.80 

22 

2.85 

23. 
24 

'  2.50 

2.15 

25 

'  1.80 

26 

•  1.55 

•?7 

1.20 

28 

.....1  150 

29.. 
30 

95 

80 

31.. 

80 

WABASH   RIVER   AT   LAFAYETTE,  IND. 

This  station  was  established  May  2,  1901,  by  George  E.  Waesche, 
and  is  carried  on  in  connection  with  the  Civil  Engineering  College  of 
Purdue  University.  It  is  about  one-half  mile  above  Brown  street 
bridge,  Lafayette,  Ind.,  and  about  one-fourth  mile  below  the  West 
Lafayette  Pumping  Station.  The  gage  is  on  the  left  bank  and  is  in 
two  parts.  The  lower  portion  is  a  2-inch  bj^  4-inch  white  pine  plank, 
graduated  to  feet  and  hundredths,  extending  down  into  an  18-inch 
sewer  pipe,  into  which  the  water  from  the  river  is  admitted.  The 
upper  portion  of  the  gage  is  graduated  to  feet  and  tenths  and  is  nailed 
to  a  large  sycamore  tree. 

The  measurements  are  made  by  means  of  a  boat  held  in  place  by  a 
wire  cable.  The  cable  is  adjustable  so  that  it  can  be  placed  at  any 
height  above  the  surface  of  the  water.  The  initial  point  for  sounding 
is  a  gas-pipe  plug  set  firmly  in  the  west  bank  25  feet  east  of  the  pole 
which  supports  the  west  end  of  the  cable.  The  channel  is  straight 
both  above  and  below  the  station,  and  is  unobstructed  except  for  a 
small  sand  bar  at  the  mouth  of  a  small  stream  which  enters  the  river 
1,5CM)  feet  above  the  station.  The  current  is  uniform.  The  banks  are 
low  and  ovei^flow  at  high  water.  The  bed  of  the  stream  is  a  gravelly 
mixture,  comparatively  smooth,  and  slightly  shifting.  The  bench 
mark  is  the  head  of  a  brass  rod  em])edded  in  a  block  of  concrete  placed 
alK>ut  150  feet  upstream  from  the  gage.  Its  elevation  is  515. 046  feet 
above  sea  level  and  14.31  feet  above  the  zero  of  the  gage.  The  gage 
is  read  by  the  students  of  Purdue  University. 
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Ligt  of  discharge  mecuuremerUs  of  Wahash  Hirer  at  Lafayette j  Jnd. 


Date. 

1901. 
May  9 
May  15 
May  20 
Sept.  28 
Oct.  4 
Nov.    9 

1902. 
Mar.  22 
Mar.  24 
May  3 
June  4 
June  4 
July  26 
July  26 


Hydrographer. 


S.  A.  Coffin  and  H.  B.  Holman  . 

do 

do 

G.  H.  CJook  and  L.  W.  Dinsmore 

do 

do 


G.  H.  Cook  and  L.  W.  Dinsmore 

....do : 

do 

Geo.  E.  Waesche 

do 

do 

do  .., 


he^l    I  I>i«charge, 


FkL 

2.70 

2.13 

1.63 

.36 

.31 

.75 

3.50 
1.40 
2.00 
7.35 
7.36 
3.12 
3.12 


Second-ftet. 

3,850 

2,832 

2,212 

530 

497 

887 

5,244 
1,822 
2,496 
11,692 
12,160 
3,953 
4,a'^9 


Daily  gage  height,  in  feet,  of  Wahash  River  at  Lafayette ,  Ind. 


Day. 


1901. 


2. 
3. 


8. 

9. 
10. 
11. 
12. 
13. 
14. 
16. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
26. 
26. 
27. 
28. 
29. 
30. 
81. 
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D<iiiy  gage  heighij  in  feet ^  of  Wabm^h  River  at  Lafayetlry  Ind. 


1. 

2 

3. 
4. 

r>. 

6. 

7. 

«. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
H. 
19. 
•20. 
21. 
22. 
23. 
24. 


21*. 


27 


2>. 
29. 
30. 
31. 


Day 


1902. 


Jan.   I  Feb. 


5.40 
5.30 
4.65 
3.65 
3.50 
3.15 
3.00  I 
2.85  ! 
2.75  I 
2.65  , 
2. 55 


2.00 
1.80 
1.80 
1.80 
1.85 
1.80 
1.80 
1.75 
1.75 
1.65 
1.60 
1.60 
1.60 


Mar.  I   Apr. 


5.00  I 
4.50  I 
3.70 
3.50  I 
3.30  I 
2.95  I 
2. 75 
2.50  I 
2.40  , 
2.60 
2.H7 
4.55  ' 
7.90 


7.50 
5.95 
5.05 
4.20 
3.90 
3.75 
3.60 
3.50 
3.30 
3.00 
2.85 
2.65 
2.40 
2.20 
2.05 
1.90 
1.80 
1.75 
1.70 
1.60 
1.60 
1.60 
1.45 
1.40 
1.40 
1.38 
1.40 
1.45 
1.75 
1.95 


May. 


1.86 
1.95 
1.85 
2.10 
2.15 
2.35 
2.60 
2.50 
2.45 
2.35 
2.10 
1.90 
1.80 
1.70 


1.56 


1.75  I 
1.90  ' 
2.00 


June. 

July. 

Aug. 

1.60 

17.86 

5.80 

1.75 

17.35 

5.92 

3.65     16.35 

4.40 

7.a5 

15.60 

3.60 

6.93 

13.60 

3,00 

Sept. 


6.10 
5.73 
6.95 
8.37 
6.55 
5.55 
5.00 
4.40 
4.60 
5.a5 
5.20 
4. 45 
3.57 
3.00 
2.50 
2.05 
1.87 
1.94 
1.78 
2.00 
2.12 
2.00 
4.80 
12. 10 
16. 20 


11.10 
9.10 
8.70 
7.50 
6. 75 
5.80 
5.00 
4.3^1 
3.87 
3.60 
2.95 
2.65 
2.60 
2.70 
4.80 
5.50 
5.00 
4.35 
4.20 
3.65 

3.  as 

2.80 
3.20 
3. 55 
3.60 
3.50 


2.75 

2.55 

2.40 

2.22 

2.10 

2.05 

1.88 

1.75  I 

1.72  I 

1.70 

1.54  I 

1.40 

1.30 

1.21  i 

1.67 
1.92 
1.80 
1.60 
1.40 
1.31 
1. 25 
1.20 
1.20 
1.17 
1.12 
1.12 


1 


1.20 

1.37 

1.62 

l.GO 

1.38 

1.24 

1.12 

1.13 

1.10 

1.08 

1.09 

1.14 

1.16 

1.24 

1.28 

1.30 

1.18 

I 
1.14 

1.10 

i.a5 

1.02  I 

i.a5 

1.32 
2.02  I 
3. 15 
4.92 
4.75  ^ 
5.45  ■ 
5.45  I 
5.25 


5.60 
5.28 
4.58 
6.80 
7.15 
7.60 
6.72 
5.65 
4.81 
4.25 
4.12 
3.72 
3.73 
4.50 
4.12 
3.38 
3.08 
2.85 
2.82 
3.20 
3.24 
3.08 
2.77 
2.50 
2.:}0 
2.22 
2.18 
2.15 
1.98 
1.91 
1.91 


1.91 
1.87 
1.83 
1.78 
1.79 
2.12 
2.78 
3.00 
2.76 
2.53 
2.75 
3.19 
3.33 
3.15 
3.08 
3.0-1 
3.18 
4.20 
5.68 
5.53  I 

5.80  , 
4.30  ' 
3.82 
3.37  ! 
3.07  I 
2.95  ' 
2.84  , 

2.81  ' 
2.90 
8.12 


Dec. 


3.25 
4.50 
6.25 
8.00 
7.70 
6.04 
5.20 
4.66 
3.92 
3.45 
3.66 
3.74 
3.85 
3.65 
3.75 
4.90 
7.70 
9.12 
8.35 
7.95 
10.70 
14.38 
15.46 
14.40 
11.75 
9.14 
7.90 
6.65 
6.08 
5.37 
4.47 


Hating  table  for  Wabanh  Burr  at  Ixjfayeflr,  Ind.  ^  for  1001  and  1902, 


Gaire 
heiKtit. 


7~ 


Ffci. 

0.00 

.25 

.50 

.75 

1.00 

1.25 

1.50 

Disohai^gc. 


Scctmd-fcet, 
260 

Am 

(U5 

880 

1,170 

1,490 

1,810 


Gage     '  Discharee     !    S^^^^'        l)is<>hartre    '     S'^^S 
heiglit.       A;j»^n»irKC.        hoight.      AiiM.narKt.        height 


1.  75 
2.00 
2.25 
2.50 
2.75 
3.00 
8.  25 


Feet.         Seetrnd-fct  I. 


2,160 
2,  550 

2,  940 
3, 340 

3,  im 

4,180 

4,  620 


Ftct.  ' 
3. 50  I 
3. 75     I 

4.00 

I 

4. 25     I 
4.50 
4.  <.)     I 
5.00 


5,  080 
5,  560 
6,020 
6, 490 
6,9<)0 
7,  430 
7,900 


6.00 

'     7.00 

8.00 

9.00 


Discharge. 


Fat.      '  S*rtmd-frrt. 


9,  7S0 
11,(560 
13, 540 
15,420 
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Estimated  irioiUhly  discharge  of  Wabash  Hirer  at  Lafayette,  Ind. 

[Druiiia^e  area,  7,314  Hqtiaro  milcM.] 


Discharge  in  Hecond-feet. 


Month. 


Maximum. 


1901. 

January  « 

Febniary  2  to  28  . . 

March 

April 

May 

June 

July 

August 

September 

Octolxjr 

Noveml)er 

Defeml)er , 


Minimum. 


1902. 

January  1  to  24  « 

February  « 

March  19  to  31* 

April 

May  1  to  14;  18,21,  22,  23  «. 

June 

Julv 

August 

Septemln^r 

Octoln^r 

Novenil)er 

Deceml)er 


3,490 

30,850  i 

14, 110 

13, 170 

9,970 

2,630 

930 

730 

5, 370 

1,060 

11,280 


1,950 

1,840 

3,  710 

2,060 

1,650 

510 

430 

510 

480 

910 

1,000 


KUD-Off. 


Mean. 


Se<'ond-fect 
per  Rquare 


1 


nq 
111 


I  I>eptb  in 


mile 


I 


inches. 


12,600 


2,322 

14,607 

7,031 

3,686 

o,  /  /  / 

1,098 
518 
638 
1,571 
1,003 
6,121 


3,596 


0.32  , 

2.00  , 

.96  I 

.50  ' 

.52  ' 

1 

.15 

1 

.07 
.09 
.21 
.14 
.84 


0.49 


i,a50 


28,950  ! 

32, 050 
9,620 
8,740 

12,780 
9,410 

27, 550 


2,230 
3, 510 
1,320 
1,190 
2,410 
2,210 
4,620 


5,567  I 
3,771 
2,632 
7,708  1 

10,924  I 
2,882 
2,706 
5,796 
4, 530 

11,587 


.76 
.52 
.36 

i.a5 

1.49 
.39 
.37 
.79 
.62 

1.58 


0.3:1 
2,31 
1.07 

.5S 

..\s 

.17 
.OS 
.10 
.24 
.16 
.97 


0.44 


.37 

.5S 

.24 

1.17 

1.72 

.45 

.41 

.91 

.69 

1.82 


rt  MisHing  record  due  to  ice. 


MirSKIXGUM  RIVKR  DKAIXAGK  BA8IX. 

MiKskingum  Kiver  is  formed  by  the  junction  of  Walhonding  and 
Tuscarawas  rivers  in  the  east  central  part  of  Ohio;  flows  south,  and 
enters  Ohio  River  at  Marietta,  Ohio.  In  this  drainage  basin  the 
United  States  Geological  Survey  has  two  stations — one  on  Jonathan 
Creek  at  Powells,  Ohio,  and  the  other  on  Licking  River  at  Pleasant 
Valley,  Ohio.  These  two  streams  enter  the  main  river  near  Zanes- 
ville.  The  hydrographic  work  during  1902  was  under  the  direction 
of  the  late  B.  H.  Flynn. 


NSWKLL.] 
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JONATHAN  CREEK  AT  POWEIXS,  OHIO. 

Jonathan  Creek  flow8  into  Muskingum  River  a  short  distance  below 
Zanesville,  Ohio. 

The  gaging  station  at  Powells  was  established  November  15,  1902, 
by  Benjamin  H.  Flynn.  It  is  located  on  the  railroad  bridge  one-fourth 
of  a  mile  north  of  the  railroad  station.  The  gage  is  a  plain  staff  grad- 
uated to  feet  and  tenths.  The  channel  is  straight  both  above  and 
lielow  the  station.  The  river  is  confined  to  its  channel  by  the  i-ailroad 
embankments.  The  bed  of  the  stream  is  rocky.  Low-water  dis- 
charge  measurements  are  made  by  wading;  high- water  measurements, 
from  the  bridge.  The  bench  mark  is  a  cut  on  the  downstream  side  of 
the  wing  wall  of  the  left  abutment;  elevation,  7  feet  above  the  zero 
of  the  gage. 

The  following  discharge  measurements  were  made  during  1902: 

November  15:  Gage  height,  0.80  feet;  discharge,  19  second-feet. 
Detrember  12:  Gage  height,  2.18  feet;  discharge,  702  second-feet. 

Daily  gage  height,  infeet,  of  Jonaihan  Creek  at  Powella,  Ohio. 


nay. 


1902. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 


Nov.  ,   Dec. 


0.90 

.90 

1.70 

1.00 

1.00 

1.00 

.90 

.90 

.90 

.90 

1.00 


1 

Day. 

Nov. 

12.. 

1902. 

13 

14 

15 

16 

0.80 
.80 

1.30 
.95 
.90 
.85 
.95 

17 

18 

19 

20 

21 

22 

Deo. 

1 

23.. 

Day. 

Nov. 

1.00 

.90 

1.00 

1.00 

1.00 

.90 

.90 

.90 

Dec. 

2.70 

1902. 


1.40 

2.20 

24 

1.00 

1.80 

25 

.90 

1.30 

26 

.90 

8.00 

27 

1.40 

2,70 

28 

1.40 

1.80 

29 

1.10 

1.60 

30 

l.CO 

1.30 

31 

1.40 

1.60 
1.70 

LICKING   RIVER  AT   PLEASANT   VALLEY,   OHIO. 

Licking  River  flows  into  tlie  Muskingum  at  Zanesville. 

The  gaging  station  at  Pleasant  Valley  was. established  November  14, 
1902,  b3^  Benjamin  H.  Flynn.  It  is  located  at  the  highway  bridge  300 
feet  north  of  the  railroad  station  at  Pleasant  Valley,  Ohio.  The  lower 
part  of  the  gage  is  inclined  and  spiked  to  a  post  driven  into  the  bank. 
The  upp>er  part  is  vertical  and  spiked  to  a  tree.  It  is  graduated  to  read 
direct  to  feet  and  tenths.  The  channel  is  straight  for  200  feet  above 
and  300  feet  below  the  station.  The  banks  are  high  and  not  liable  to 
overflow  except  in  extreme  floods.  The  bed  of  the  stream  is  gravel 
and  clay.  The  low-water  measurements  are  made  by  wading  and  the 
high-water  measurements  from  the  highway  bridge.  There  are  three 
bench  marks.  The  first  is  a  copper  nail  on  the  gage  tree;  elevation, 
13  feet  above  the  zero  of  the  gage.  The  second  is  some  copper  nails 
on  a  walnut  tree  200  feet  west  of  the  gage;  elevation,  15  to  17  feet 
al)Ove  the  zero  of  the  gage.     The  third  consists  of  copper  nails  on  a 
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[NO.  }Q. 


telephone  pole  north  of  the  tree;  elevation,  13  to  16  feet  above  the  zero 
of  the  gage.     The  initial  point  for  sounding  is  a  cross  on  the  top  stone 
of  the  down  stream  side  of  the  right  abutment  of  the  highway  bridge. 
The  following  discharge  measurements  were  made  duiing  1902: 

November  14:  Gage  height,  1.58  feet;  discharge,  121  second-feet. 
December  13:  Gage  height,  5.49  feet;  discharge,  2,281  second-feet. 

Daily  giige  h^'ighi,  in  feet,  of  Licking  River  (if.  Pleasant  V(iUeyy  Ohio. 


IMy 


1902. 


3 ' 

4 ' 

5 1 

6 

7 

1 
8 1 

1 
9 

JO 

""" t 

11 ' 

Deo. 


2.50 
2.30 
2.80 
4.00 
3.30 
3.00 
2.70 
2.70 
2.60 
2.60 
2.  .50 


l)ay 


1902. 


12 

13 

14 

1.60 

15 

16 

'  l.(» 

1.50 

17 

'  1..tO 

18 

'  3. 70 

19 

3. 30 

20 

2. 60 

21 

2. 30 

'22 

2.10 

Nov.      Dec. 


7.00 


Day 


1902. 


Nov.  I  iHv. 


2.0U 


-A  |l 


3.*« 
4.U0 


5.70  I    24 2,00 

5.60  I j  '25 2.10'  :^.90 

4.50      26 2.40  3.00 

9.60  1127 2.70  3.00 

11.40  i    -28 '2.90  2.70 

6.50  I    29..."". 2. .SO 


4.90 
4.00 
3.90 
4.20 


30. 
31. 


•> 


2.  ."lO 


2.70 
2.60 
2.60 


MONOXGAHEL.A   RIVTCR   DRAINAGE    BASIX. 

Monongahela  River  rises  in  the  central  part  of  West  Virginia  and, 
flowing  north,  crosses  into  Pennsylvania.  At  Pittsburg  it  unites  with 
the  Allegheny,  forming  the  Ohio.  Its  principal  tributaries  are  the 
Youghiogheny,  which  flows  into  it  about  15  miles  above  Pittsburg, 
and  the  Cheat,  which  joins  it  just  north  of  the  Pennsylvania  line. 
Under  the  direction  of  E.  G.  Paul,  the  United  States  Geological  Sur- 
vey is  maintaining  a  station  on  the  Youghiogheny,  at  Friendsville, 
Md.,  and  one  on  the  Cheat,  at  Uneva,  near  Morgantown,  W.  Va. 

YOUGHIOGHENY    RIVER   AT   FRIENDSVILLE,    MD. 

This  river  rises  in  Garrett  County,  Md.  ^  and  flows  in  a  northwesterly 
direction  into  Pennsylvania,  where  it  empties  into  Monongahela  River 
15  miles  above  Pittsburg.  Its  source  is  on  the  western  slope  of  the 
Allegheny  Mountains,  at  an  elevation  of  about  2,900  feet.  The  aver- 
age fall  of  the  stream  for  19  miles  above  its  mouth  is  about  2  feet  per 
mile,  but  above  this  point  it  soon  increases  to  an  average  fall  of  nearly 
5  feet  per  mile.  The  bank  height  above  low  water  ranges  between  15 
and  28  feet,  and  the  average  width  between  banks  from  the  mouth  to 
West  Newton,  Pa.,  is  540  feet.  The  following  heights  of  the  high 
water  of  February,  1S97,  above  low- water  stage,  at  various  points  in 
Pennsylvania,  were  furnished  by  George  M.  Lehman:  Whikett,  13 
feet;  Jaco})s  Creek,  lo  feet;  Smith  ton,  14  feet;  Port  Royal,  17  feet; 
Snyder,  16  feet;  West  Newton,  20  feet;  Suterville,  22  feet;  Buena 
Vista,  2(>.5  feet;  Coulterville,  2S.5  feet;  Boston,  29  feet;  McKeespoi*t, 
28.5  feet. 
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183 


A  measurement  of  Youghiogheny  River  was  made  October  13, 1892, 
with  surface  floats,  at  Ohio  Pyle,  Pa.,  by  Kenneth  Allen,  in  connec- 
tion with  an  investigation  of  a  water  supply  for  the  works  of  the  H.  C. 
Frick  Coke  Company.  It  was  during  a  period  of  extreme  drought, 
and  the  discharge  was  found  to  be  106  second-feet. 

The  station  at  Friendsville,  Md.,  was  established  by  E.  G.  Paul,  on 
August  17,  1898.  Measurements  are  made  from  the  iron  highway 
bridge  connecting  the  east  and  the  west  portion  of  the  village.  The 
wire  gage  is  20  feet  from  zero  to  the  end  of  the  weight,  and  is  referred 
to  a  scale  board  14  feet  long,  graduated  to  feet  and  tenths.  The  channel 
is  straight  for  several  hundred  feet  above  and  below  the  bridge.  The 
bed  is  rocky  and  the  banks  are  high  and  not  subject  to  overflow.  The 
observer  is  J.  H.  Cuppet,  a  merchant  residing  within  a  short  distance 
of  the  gage. 

The  following  discharge  measurement  was  made  in  1902  by  R.  B. 
Hayes: 

August  22:  Gage  height,  4.4  feet;  discharge,  208  second-feet. 

Daily  gage  height^  in  feet,  of  Youghiogheny  River  at  FnendsvilUy  Md. 


Day 


1902. 


2. 


6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16- 
17. 
18. 
19. 
20. 
21. 
22. 
23 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


6.00 

5.80 

5.40 

5.40 

5.30 

5.20 

5.00 

5.00 

4.90 

4.80 

4.80 

4.80 

4.80 

4.80 

4.70 

4.70 

4.70 

4.80 

4.90 

5.00 

5.00 

5.00 

5.00 

5.40 

5.60 

7.10 

7.30  I 

6.90  I 

6.30  i 

6.00  ' 

5.80 


5.60 
5.40 
5.20 
5.10 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.  CO 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
7.40 
6.50 
7.30 


Mar. 

Apr. 

10.02 

5.30 

8.80 

5.40 

8.10 

5.60 

6.30 

5.70 

6.10 

6.40 

5.90 

6.40 

6.70 

6.50 

6.50 

6.60 

6.40 

6.60 

5.60 

6.50 

6.20 

7.40 

7.10 

8.20 

8.50 

7.80 

8.10 

7.40 

7.80 

7.10 

7.30 

6.70 

6.90 

6.80 

6.40 

6.80 

6.10 

6.60 

5.90 

6.30 

5.60 

5.80 

5.50 

5.40 

5.40 

5.20 

5.30 

5.00 

5.20 

4.80 

5.10 

4.70 

5.10 

4.70 

5.00 

4.70 

5.10 

4.80 

5.10 

4.90 

5.10 

4.90 
4.90 
4.80 
4.70 
4.70 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.50 
4.50 
4.60 
4.40 
4.40 
4.40 
4.50 
4.80 
4.90 
4.70 
4.80 
5.00 
6.30 
5.60 
5.70 
5.80 
5.80 
5.30 
5.30 
5.20 


June. 


5.00 
4.80 
4.70 
4.60 
4.60 
4.50 
4.60 
4.60 
4.50 
4.40 
4.30 
4.30 
4.60 
4.50 
4.60 
4.70 
4.70 
4.70 
4.60 
4.60 
4.60 
4.50 
4.50 
4.60 
4.80 
4.80 
4.90 
4.70 
4.90 
5.70 


6.80 
6.70 
6.70 
6.60 
6.00 
5.10 
4.80 
4.60 
4.80 
5.00 
4.90 
4.70 
4.50 
4.40 
4.30 
4.30 
4.30 
4.50 
4.70 
4.80 
4.70 
4.60 
4.40 
4.20 
4.20 
4.20 
4.40 
4..W 
4.60 
4.50 
4.50 


4.60 
4.60 
4.90 
4.80 
4.50 
4.40 
4.30 
4.30 
4.20 
4.20 
4.20 
4.20 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.20 
4.30 
4.40 
4.40 
4.40 
4.30 
4.20 
4.00 
4.00 
3.90 
3.90 
3.90 
3.90 


3.90 
3.90 
3.90 
3.90 
8.80 
8.80 
8.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.90 
3.90 
3.90 
3.90 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 


I 


4.20 
4.20 
4.30 
4.40 
4.30 
4.80 
4.80 
4  20 
4.20 
4.40 
4.40 
5.80 
5.30 
5.00 
5.00 
4.70 
4.60 
4.60 
4.50 
4.50 
4.40 
4.40 
4.20 
4.20 
4.10 
4.10 
4.20 
4.40 
4.40 
4.50 
4.30 


4.20 
4.20 
4.20 
4.10 
4.10 
4.10 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.10 
4.10 
4.10 
4.30 
4.50 
5.40 
6.20 
6.00 
6.00 
6.00 
6.00 


Dec. 


5.80 
5.80 
5.90 
5.90 
5.80 
5.80 
5.90 
6.70 
5.60 
5.60 
5.50 
8.50 
7.90 
7.60 
7.80 
8.20 
8.60 
8.30 
8.00 
7.30 
6.60 
6.10 
6.10 
6.00 
6.00 
5.90 
5.80 
5.50 
5.30 
5.20 
5.10 
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Ratimj  ttihkfor  Youghioylieny  River  at  Fricfidsvill^j  Md.^  for  1902. 


[xo.  83. 


Gage 
height. 

Diwhaiife. 
tifcnnd-fret. 

Gage 
1    height. 

Feet. 

1 

DiMchan^e.  i 

1 

Senmd-ieet. 

Gage 
,    height 

1 

1      Feet. 

i 
Discharge. 

1 

Gage 
height. 

.    _ 
Fset. 

I 
Disehaiige. 

FoA. 

Second-feet.  ' 

Second-feH. 

3.6 

12 

'       4.6 

840 

5.6 

1,150     ! 

7.5 

8,  810 

8.8 

45 

'       4.8 

1 

464     ! 

i       5.8 

1,872     1 

8.0 

8,  8«0 

4.0 

90 

1       5.0 

600     ' 

1       6.0 

1,600 

9.0 

5,  020 

4.2 

150 

S.2 

770     ' 

1 

'       6.5 

1 

2,170     1 

4.4 

280 

5.4 

1 

955     1 

I 

1       7.0 

I 

2,740     ] 

1 

Estimated  monthly  discharge  of  Youghiogheny  River  at  Frieruisrille^  Md. 

[Drainage  area,  2U5  square  miles.] 


Month. 


1902. 


January  . . 
February  . 

Man^i 

April 

May 

June 

July 

AugUHt  ... 
September 
October  .. 
November 
December 


The  year 


Diw'harge 

in  Hecond-feot. 

Run-off. 

Maximum. 

Minimum. 
400 

Mean. 

Second - 

feet  per 

square 

mile. 

Depth  in 
inches. 

3, 082 

992 

1 

3.36 

3.87 

8, 196 

.     600 

879 

2.98 

8.10 

6, 188 

600 

1,970 

6.68 

7.70 

4,108 

400 

1,  742 

5.91 

6.59 

1,872 

280 

551 

1.87 

2.16 

1,260 

185 

882 

1.29 

1.44 

2,512 

150 

638 

2.16 

2.49 

580 

65 

181 

.61 

.70 

90 

45 

63 

.21 

.23 

862 

120 

280 

.95 

1.10 

1,828 

120 

426 

1.44 

1.61 

4,564 

685 

2,066 

7.00 
2.87 

8.07 

6,183 

45 

848 

39.06 

CHEAT   RIVER   NEAR  MORGANTOWN,  W.  VA. 

A  cable  gaging  station  was  established  July  8,  1889,  by  E.  G.  Paul, 
at  Unova,  near  Morgantown.  It  was  found  desirable,  after  one  or 
two  measurements,  to  move  the  cable  a  mile  down  the  river  to  a  place 
where  a  more  satisfactory  cross  section  and  better  facilities  for  mak- 
ing  gage-height  observations  could  be  secured.  An  inclined  timber 
gage  was  established  at  the  present  station  on  August  21,  1902.  The 
present  observer  is  Miss  Anna  Hastings. 

The  following  discharge  measurement  was  made  in  1902  by  E.  G. 
Paul: 

August  20:  Discharge,  299  second-feet. 
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Day. 


Daily  gage  heighiy  in  feet j  of  Cheat  River  near  Morgnntoumy  W.  Va, 

"  ''      r       I     '  .    " 

i  Aug.   Sept.    <)<"t.  ,  Nov.  i  Dw. 


1... 

1902. 

1 1.70 

2 

i  1.70 

3... 

1  70 

4... 

1 '  1.80 

5 

1 

1                    I    «i5 

6... 

2. 30 

7. 

1 

'J.  00 

S. 

'  1  K5 

9... 

1.70 

10 

t            1 

1 1.70 

11... 

' 1.70 

V2. . . 

' 1.60 

l:J... 

1.60 

14... 

1.50 

15 

1  50 

16... 

, l.-io 

Aug.    Sept.    ()et. 


2.80 
4.80 
3.65 
3.40 
3.40 
3.45 
3.a5 
2.85 
2.(K) 
2.35 
2.20 
5. 45 
4.95 
4.40 
3. 75 
3.30 


Nov.;  Dec. 


2.50 
2.20 
2.20 
2.20 
2.a5 
1.90 
2.15 
2.20 
2.40 
2.25 
2.20 
2.20 


4.65 
4.50 
6. 15 
6.40 
5. 35 
4.60 
4.15 
4.10 
3.95 
3. 55 
5.70 
10.90 


Day. 


1902. 


2. 20  '  10. 50 
2.25  10.50 
2.20  !  8.95 
2.20  ,    6.70 


17. 
18. 
19. 
20. 
21. 
'22. 
23. 
24. 
25. 
26. 
27. 
28. 
•29. 
30. 
31. 


1.80 
1.90 
2.60 
2.70 
3.80 
2.05 
1.90 
l.«0 
1.70 
1.70 
1.70 


1.40 
1.40 
1.50 
1.40 
1.40 
1.30 
1.30 
1.30 
1.30 
1.45 
1.70 
l.«H) 
2.00 
2.  a5 


3.00 
2.80 
2.65 
2.46 
2. 45 
2.  .35 
2.20 
2. 20 
2.20 
2.10 
2.20 
2.75 
2.60 
2.60 
2. 50 


2.20 
2. 20 
2.00 
2.00 
2.15 
2.40 
2.35 
2. 75 
4.35 
8.00 
6.60 
5.  .35 
4. 55 
4.ft5 


10.45 
8.-46 
7.50 
5.65 
4.40 
5.20 
5.50 
4.80 
4.30 
3.95 
3.45 
3.20 
3.35 
4.75 
4.55 


KANAWHA   RIVER   DRAINAGK   BASIN. 

The  Kanawha  River  flows  north  through  West  Virginia,  joining  the 
Ohio  River  at  Point  Pleasant,  W.  Va.  In  its  upper  course  it  is  known 
as  the  New  River,  which  rises  in  Watauga,  Ashe,  and  Alleghany 
counties,  N.  C  The  area  of  the  latter  two  counties  is  comprised 
wholly  within  the  drainage  !)asin  of  the  New  River;  their  boundaries, 
being-  along  the  mountain  ridges,  form  the  divides  between  the  drain- 
age ba«in  of  this  river  and  Yadkin  River  on  the  east  and  of  Ilolston 
River  on  the  west.  The  general  direction  of  the  river  is  northwest- 
erl3^.  At  first  the  upper  tributaries  have  a  general  northeasterly  and 
south  westerl}'  direction,  draining  narrow  valleys  of  the  Greater  Appa- 
lachian Valley  in  Virginia.  The  main  river  cuts  the  Alleghany  fronts 
just  below  Pearisburg,  Va.,  and  the  remainder  of  the  drainage  area  is 
confined  to  the  State  of  West  Virginia.  For  some  distance  the  basin 
divide  follows  the  State  line  between  Virginia  and  West  Virginia,  both 
north  and  south  of  the  point  where  the  river  pierces  the  Alleghany 
front.  The  basin  of  New  River  is  as  beautiful  and  picturesque  a  sec- 
tion of  country  as  any  in  the  eastern  part  of  the  United  States.  The 
river  itself  is  rapid.  The  country  on  its  lower  courses,  through  which 
the  Chesapeake  and  Ohio  Railway  passes,  is  noted  for  its  scenic^  })eaut3\ 

The  principal  tributaries  of  the  New  River  are  Little  River,  which 
empties  near  Radford,  Va.,  and  the  Greenbrier,  which  rises  in  the 
eastern  part  of  West  Virginia  and  joins  the  New  at  Hinton,  W.  Va. 
The  following  is  a  list  of  the  stations  maintained  in  this  drainage 
basin  b\'  the  United  States  Geological  Survey,  under  the  supervision 
of  E.  VV.  Myers  and  D.  C.  Humphreys:  New  River  at  Fayette,  W.  Va.; 
Greenbrier  River  at  Alderson,  W.  Va. ;  New  River  at  Radford,  Va.; 
New  River  near  Oldtown,  Va. ;  New^  River  (North  Fork)  at  Weavers- 
ford,  N.  C. ;  New  River  (South  Fork)  at  New  River,  N.  C. 
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NEW   RIVER   AT   FAYETTE,  W.  VA. 

This  Ktation,  established  by  C.  C.  Babb  and  D.  C.  Humphreys  July 
29,  1896,  is  located  just  below  the  mouth  of  Wolf  Creek,  on  the  high- 
way bridge  of  one  span  at  Fayette,  W.  Va.  The  wire  gage  is  on  the 
guard  rail  on  the  upper  side  of  the  bridge,  about  the  middle  of  the 
span,  the  scale  being  graduated  to  feet  and  tenths.  The  gage  is 
referred  to  four  bench  marks:  First,  the  top  of  the  bottom  plate  of 
the  lower  plate  girder  at  the  end  of  the  first  panel  from  the  left  Imnk, 
downstream  side,  55.18  feet  above  the  zero  of  the  gage;  second,  the 
top  of  the  lower  end  of  the  coping  on  the  main  pier,  right  bank, 
downstream  side,  52.13  feet  above  the  zero  of  the  gage;  third,  the 
bridge  seat  on  the  right  bank,  downstream  side,  54.58  feet  above  the 
zero  of  the  gage;  fourth,  the  west  corner  of  the  abutment  stone  bv* 
the  Chesapeake  and  Ohio  Railway  station,  58.62  feet  above  the  zero  of 
the  gage.  The  channel  is  straight  above  and  below  the  station,  the 
current  is  swift  and  without  obstructions,  except  for  immense  bowlders 
in  the  lx)ttom.  The  banks  are  high,  rocky,  and  not  subject  to  over- 
flow. The  bed  is  constant  in  section.  The  observer  is  M.  W.  Brella- 
han,  manager  of  coal  mine,  Fayette,  W.  Va.  The  station  was 
discontinued  May  22, 1901.  On  August  11, 1902,  it  was  reestablished. 
The  zero  of  the  new  gage  is  at  the  same  elevation  as  the  zero  of  the 
old  gage. 

The  following  discharge  measurements  were  made  during  1902  by 
D.  C.  Humphreys: 

July  17:  Gage  height,  2,26  feet;  discharge,  4,032  second-feet. 
August  14:  Gage  height,  1.10  feet;  discharge,  2,022  second-feet. 

Daily  gage  height^  in  feetj  of  New  River  at  Fhyette,  W,  Va. 


Day 

,  Aug. 

1 

Sept. 

Oct. 

Nov. 

-  — 

Dec.  , 

1 

Day. 

Aug, 

Sept 

Oct. 

Nov. 

Dec. 

1902 

!       ! 

1                           , 

1 
1 

1902. 

1 

1 

0.08 

0.81 

1.30 

4.05 

17 

0.80 

0.05 

1.60 

0.59 

8.96 

2 

.•■•-       ......a 

.10 

.56 

.90 

3.95 

18 

.60 

.08 

1,10 

,57 

9.90 

3 

•    «•••'••-•>-• 

.02 

.59 

.71 

6.30 

19 

.78 

,09 

,40 

,72 

8.39 

4 

1 

\ 

.00 

.95 

.56 

6.56  1 

M 

1.15 

.00 

,60 

1,30 

6.86 

5 

.08 

1.10 

.32 

6.95 

21 

1.35 

.03 

,56 

2.80 

h.h^ 

ti 

.49 

.91 

.73 

6.01 

•22 

.10 

.12 

.60 

2.22 

4.80 

7 

■>>•>    ■•.••>• 

1.20 

4.30 

.71 

6. 15 

23 

.25 

.18 

,20 

1,65 

4.68 

S 

•••>■    •••■•>- 

.88 

2.71 

.70 

5. 52 

2^ 

.75 

.19 

.24 

1.40 

5.50 

9 

•••••    ••■•-■• 

1.10 

1.85 

1.31 

4.72 

'^'•' 

.70 

.85 

.29 

1.50 

5.00 

10 

.....    ....... 

.28 

1.18 

1.28 

4.15 

'26 

.68 

.22 

.26 

2,47 

4.38 

11 

i.'l't 

i.:o 

1.10 

1.10  1 

.'23 
1.04 
l.(>9 
1.00 

.75 
.81 
.76 

i.a5 

1.12 
.96 
.80 
.71 

3.67 
3.27 
4.08 
7.95  > 

27 

.50 

.28 

15 

.48 

.29 

,00 

1.12 

1.15 

.21 

,20 

,26 

56 

3.02 
5.30 
5.08 
3.90 

4.00 

12 

'28 

2.90 

13 

•29 

2  50 

14 

30 

2.40 

15 

'     1.00 

1.10 

2.20 

.62 

8.8(i  ' 

31 

28 

1.60 

2.30 

16 

1 

95 

1 

1.30 

2.00 

.(A) 

h.yo  , 
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Rating  table  for  New  River  at  Fayette,  W.  Va.,  for  190^. 


Gage 
height. 

Diseharge. 

Gage 
height. 

Dischai^e. 
Sceond-feet. 

Gage 
height. 

DiHcharge. 
Secojidrfeet. 

Gage 
height. 

Feet. 

Discharge. 
Second-feet. 

Firet. 

Second-feet. 

Feet. 

Ftet. 

0.0« 

600 

4.0 

7,400 

8.0 

17,148 

15.0 

:i8,960 

,2a 

828 

4.2 

1 

7,800 

8.2 

17,  700 

16.0 

42,760 

,4» 

1,068 

4.4 

8,200 

i       8.4 

18,300 

17.0 

46, 560 

.6" 

1,316 

4.6 

8,600 

8.6 

18,900 

18.0 

50, 360 

.Ho 

1,576 

4.8 

9,040 

8.8 

19, 500 

19.0 

54, 160 

1.0 

1,862 

r 

5.0 

9,480 

9.0 

1 

20,100 

20.0 

57, 960 

1.2 

2,  IVH 

5.2 

9,930 

9.2 

20.700 

21.0 

61,760 

1.4 

2, 539 

,       5.4 

10,390 

9.4 

21, 300 

22.0 

65, 560 

1.6 

2,887 

'       5.6 

10,850 

9.6 

21,900 

23.0 

69,  360 

1.8 

3,235     . 

5.8 

11,  350 

9.8 

22,500 

24.0 

73, 160 

2.0 

1 

3,583 

6.0 

11,850 

10.0 

23,100     1 

25.0 

1 

76,960 

2.2 

3, 9SS 

6.2 

12, 350 

10.5 

24,600 

26.0 

80,760 

2.4 

4,298 

6.4 

12,850 

11.0 

1 

26, 100 

27.0 

84,560 

'        2.6 

4, 669     1 

6.6 

13,  350 

11.5 

27,600     , 

28.0 

88,360 

;     2.8 

5, 053 

6.8 

13,850 

12.0 

29,100 

29.0 

92,160 

j       3.0 

5,439     i 

7.0 

14,  398 

12.5 

30,600 

30.0 

95,960 

3.2 

5,827 

7.2 

14, 946 

13.0 

32,100 

'    31.0 

99,760 

3.4 

6, 216     i 

7.4 

15,494 

13.5 

1 

33,600 

32.0 

103, 560 

3.6 

6,608 

7.6 

16,044 

14.0 

35,160 

1 

33.0 

107, 360 

3.8 

1 

7,004 

7.8 

16, 596 

14.5 

37,060     ' 

f 

1 

34.0 

111,160 

a  Di9ch&iKe  t 

»elow  1  foot  g« 

ige  height  J 

8  not  well  del 

termined  ai 

nd  must  be  co 

nsidered  ai 

i  approximate. 

Estimated  numthly  discharge  of  New  River  ai  Fayette,  W.  Va. 

[Drainage  area,  6,200  square  miles.] 


Month. 


Discharge  in  second-feet. 


Run-ofT. 


Maximum. 


1902. 

August  11  to  31 

September 

October 

November 

December 


3, 061 

8,000 

10, 160 

22,800 


Minimum. 


Mean. 


Second-feet  n^^tx^  *„ 


828 

948 

4,111 


1,536 
1,224 
1,999 
2,  893 
10, 972 


0.25 
.20 
.32 
.47 

1.77 


0.20 
.22 
.37 
.52 

2.04 
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(IREENBBIER   RIVER  AT   ALDERSON,  W.  VA. 

This  river  rises  on  the  western  slope  of  the  Allegheny  Momi tains, 
in  Pocahontas  County,  W.  Va.,  and  flows  in  a  southwesterly  direction, 
emptying  into  New  River  near  Hiuton,  Summers  County,  W.  Va. 
The  station  was  established  b}-  C.  C.  Babb  and  D.  C.  Humphreys,  at 
Alderson,  W.  Va.,  21  miles  above  Hinton,  August  1,  1895.  Green- 
brier River  receives  many  short  tributaries  from  the  Allegheny  Range, 
and  flows  for  the  most  part  through  a  broken,  hilly,  and  mountainous 
country  well  covered  with  forests.  The  station  is  located  one-half 
mile  above  the  mouth  of  Muddy  Creek,  on  the  county  bridge  at  Aider- 
son.  The  wire  g^ge,  length  28.37  feet,  is  in  the  third  panel  of  the 
second  span,  downstream  side  of  the  bridge.  This  gage  is  referred  to 
three  bench  marks:  the  first,  on  the  upper  end  of  the  coping  of  the 
first  pier  from  the  left  bank,  21.75  feet  above  the  zero  of  the  gage; 
the  second,  on  the  upper  end  of  the  bridge  seat  of  the  left  bank  abut- 
ment, 21.61  feet  above  the  aero  of  the  gage;  the  third,  on  the  stone 
foundation  of  the  water  tank  of  the  Chesapeake  and  Ohio  Railway, 
23.48  feet  above  the  zero  of  the  gage.  A  tempoi-ary  bench  mark  has 
been  established  on  the  lower  end  of  the  third  floor  beam,  in  the  second 
span  from  the  left  bank.  Its  elevation  is  22.47  feet  above  the  zero  of 
the  gage.  The  bridge  consists  of  four  spans  435  feet  long.  At  ordi- 
nary stages  the  water  flows  in  two  channels,  between  which  is  an  island 
600  feet  long  and  75  feet  wide.  The  banks  are  high  and  not  subject 
to  overflow.  The  bed  is  of  rock  and  gravel  and  fairly  constant.  The 
observer  is  W.  J.  Hancock,  clerk  in  a  hardware  store  at  Alderson, 
W.  Va. 

The  following  discharge  measurements  were  made  during  1902  b}- 
D.  C.  Humphreys: 

July  17:  Gage  height,  1.63  feet;  discharge,  211  pecond-feet. 
AuguHt  12:  Gage  height,  1.46  feet;  discharge,  156  second-feet. 
August  12:  Gage  height,  1.46  feet;  dischai^e,  154  second-feet. 
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Daily  gage  height  j  in  feet,  of  Greenhrier  Hirer  at  Aldermn,  W.  Va. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1902. 

1 

4.86 
4.05 
3.60 
3.30 
3.00 
2.68 
2.48 
2.53 
2.63 
2.55 
2.50 
2.35 
2.25 
2.15 

5.20 
4.80 
6.06 
4.00 
3.92 
3.00 
2.98 
2.88 
2.90 
8.13 
2.30 
2.35 
2.30 
2.33 

11.76 
7.00 
5.60 
4.50 
3.90 
3.46 
3.45 
3.45 
4.12 
6.77 
5.40 
6.a5 
7.58 
7.76 

4.46 
3.85 
3.63 
3.30 
4.04 
8.87 
4.36 
5.46 
5.36 
4.80 
6.00 
4.67 
4.50 
3  15 

2.20 
2.22 
2.23 
2.24 
2.26 
2.25 
2.26 
2.23 
2.20 
2.15 
2.10 
2.06 

2.30 
2.18 
2.10 
2.06 
2.00 
1.92 
1.90 
1.85 
1.80 
1.78 
1.75 
1-73 

2.35 
2.30 
2.35 
2.38 
2.30 
2.00 
2.00 
2.05 
2.10 
2.16 
2.00 
1.93 
1.82 
1.80 

1.50 
1.50 
1.70 
1.60 
1.65 
1.53 
1.60 
1.50 
1.50 
1.60 
1.50 
1.50 
1.46 
1.42 

1.36 
1.33 
1.32 
1.35 
1.33 
1.32 
1.36 
1.32 
1.28 
1.25 
1.22 
1.22 
1.22 
1.25 

1.70 
1.60 
1.90 
2.00 
1.90 
1.70 
1.65 
1.56 
1.52 
1.62 
1.52 
1.65 
1.75 
2.12 

1.55 
1.56 
1.65 
1.60 
1.55 
1.53 
1.47 
1.47 
1.42 
1.43 
1.45 
1.45 
1.45 
1.45 

2.70 

2 

4.06 

3 

3.65 

4 

4.25 

6 

3.60 

6 

3.36 

7 

3.16 

8 

3.06 

9 

2.85 

10 

2.85 

11 

2.76 

12 

2.46 

13 

2.00  '  1.75 
1.98     1.78 

3.10 

14 

5.16 

15 

2.00 
2.16 

2.30 
2. 15 

6.24 
6.45 

3.65 
3.40 

1.98 
1.90 

1.80 
1.88 

1.80 
1.77 

1.40 
1.40 

1.25 
1.28 

2.10 
1.95 

1.43 
1.43 

4.66 

16 

4.50 

17 

2.12 

2.20 

7.65 

3.28 

1.90     1.84 

1.76 

1.40 

1.25 

1.83 

1.43 

5.00 

18 

2.10 

2.15 

6.00 

3.05 

1.92 

1.85 

1.75 

1.40 

1.25 

1.80 

1.44 

5.10 

19 

2.00 

2.15 

4.65 

2.95 

1.85 

1.86 

1.74 

1.39 

1.25 

1.80 

1.44 

4.30 

20 

1.95 

2.10 

3.90 

2.90 

1.86 

1.97 

1.74 

1.38 

1.20 

1.75 

1.45 

3.50 

21 

,  2.08 

2.15 

3.50 

2.86 

2.07 

1.95 

1.70 

1.38 

1.20 

l.&'i 

1.45 

3.30 

22 

1  2.00 

2.15 

3.25 

2.77 

2.06 

2.00 

1.68 

1.36 

1.20 

1.65 

1.45 

3.00 

23 

2.17 

2.45 

3.00 

2.70 

2.28 

2.10 

1.60 

1.35 

1.20 

1.55 

1.55 

3.36 

24 

'  2.05 

3.10 

2.95 

2.65 

2. 15  ■  2. 16 

1.55 

1.35 

1.20 

1.55 

1.60 

3.20 

26 

1.96 

7.82 

2.93 

2.60 

2.13 

2.16 

1.50 

1.30 

1.22 

1.55 

1.64 

3.00 

26 

'  2.10 

8.42 

3.03 

2.60 

2.85 

2.08 

1.50 

1.30 

1.20 

1.55 

3.24 

2.80 

27 

6.16 

6.45 

2.95 

2.45 

8.50     1.95 

1.50 

1.27 

1.25 

1.55 

3.60 

2.  .58 

28 

6.95 

11.53 

2.85 

2.30 

3.08 

2.86 

1,50 

1.25 

1.75 

1.55 

3.45 

2.80 

29 

4.75 

6.10 

2.30 

2.80 

2.80 

1.50 

1.18 

1.65 

1.55 

3.40 

2.30 

30 

4.90 

7.75 

2.25 

2.60     2.40 

1.50 

1.25 

1.70 

1.55 

2,73 

2.45 

31 

6.60 

1 

5.90 

2.45 

1.50 

1.33 

1.55 

2.35 

Rating  table  for  Greenlyrier  River  at  Alderaon,  W.  Va.^for  190^. 


Gage 
height. 

Discharge. 
isecoffid-fcrt. 

Gage 
height. 

FceL 

Discharge. 
Second-feet. 

Gage 
height. 

Discharge. 

Second-feet. 

Gage 
height 

Diwharge. 

Ftel. 

Feet. 

FeeL 

Second-feet. 

1.2 

60 

3.0 

1,900 

4.8 

6,180 

.      7.5 

14,000 

1.4 

120 

3.2 

2, 330 

5.0 

6,700 

8.0 

15,600 

1.6 

220 

3.4 

2,770    ; 

'           1 

5.2 

7,220 

9.0 

19,000 

1.8 

350 

3.6 

3,  240 

5.4 

7,740 

10.0 

22, 500 

2.0 

505     ' 

3.8 

3,720     ; 

5.6 

8,300 

11.0 

26, 500 

2.2 

685 

4.0 

4,200 

5.8 

8,900 

12.0 

31,200 

2.4 

920 

4.2 

4,680 

6.0 

9,500 

13.0 

36,  200 

2.6 

1,205 

4.4 

5,160 

6.5 

11,000 

14. 0 

41,200 

2.8 

1,535     , 

4.6 

5,560 

1 

7.0 

12, 500 

15.0 

46, 200 

190 
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Estimated  monthly  di^ichdrge  of  (rreenbrier  Hirer  at  Alderwn,  W.   la. 

[DminaflTC  area,  1,S44  square  mile8.] 


Discharge  in  second-feet. 


Month. 


I 


Maximum. 


1902, 


January  . . . 
February . . 

March 

April 

May 

June , 

July 

August 

September, 
October  ... 
Noveinl)er 
Decern  l)er 


The  vear 


12,350 

28,850 

29,950 

7,870 

3,000 

4,080 

920 

280 

315 

590 

3,  240 

7,090 

29,950 


Minimum. 


465 

590 

1,622 

740 

387 

315 

170 

60 

60 

170 

120 

795 


60 


Mean. 


2,585 

4,324 

7,339 

3, 175 

821 

677 

412 

138 

96 

356 

565 

2,865 


Run-off. 


Secorfd- 

feet  per 

Hquare 

mile. 


1,946 


1.92 
3.22 
5.46 
2.36 

.61 

.50 

.31  ; 

.10 

.07 

.26  ' 

.92 
2.13  , 


Depth 
io  inche& 


1.45 


3.35 

6.29 

2.63 

.70 

.56 

.36 

.12 

.08 

.30 

.47 

2.46 


19.53 


NEW   RIVER   AT   RADFORD,    VA. 

This  river  rises  in  Watauga,  Ashe,  and  Alleghany  counties,  N.  C, 
and  flows  in  a  north westerW  direction  into  West  Virginia,  where,  after 
meeting  the  Gauley,  near  Kanawha  Falls,  ic  is  known  as  the  Kanawha. 
The  station  at  Radford  is  located  at  the  highway  bridge  close  to  the 
Norfolk  and  Western  Railway  station.  It  was  established  by  D.  C. 
Humphreys  August  1, 1898.  The  gage  used  was  erected  by  the  United 
States  Weather  Bureau.  It  consists  of  a  vertical  board  graduated  to 
feet  and  tenths,  and  is  attached  to  the  iron  framework  connecting  the 
pair  of  iron  concrete  cylinders  which  form  the  first  pier  from  the  right 
bank.  The  bench  mark  is  the  bottom  of  the  lowest  horizontal  brace 
connecting  the  two  cylinders,  the  elevation  being  3.88  feet  above  the 
zero  of  the  gage.  The  discharge  measurements  are  made  f ron)  the 
upstream  side  of  the  bridge.  The  initial  point  for  soundings  is  on  the 
right  bank  of  the  river  50  feet  from  the  first  pier.  The  bottom  is  of 
solid  rock  and  gravel  and  is  smooth  and  regular.  On  the  left  bank 
there  is  a  steep,  rock}^  })luff.  The  right  bank  is  low  and  subject  to 
overflow  for  a])out  100  yards,  })ut  all  the  water  must  pass  under  the 
bridge,  which  is  about  S5  feet  above  low  water.  On  account  of  the 
inaccessibility  of  the  Weather  Bureau  gage,  a  wire  gage  was  put  in 
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February  23,  1900,  the  zero  being  on  the  same  level  as  that  of  the  old 
gage.     The  observer  is  T.  M.  Brady,  saddler  and  harness  dealer. 

The  following  discharge  measurements  were  made  during  1902  by 
D.  C  Humphreys: 

July  12:  Gage  height,  —0.40  feet;  discharge,  2,820  seoond-feet. 
Augnet  22:  Gage  height,  —0.68  feet;  discharge,  2,233  second-feet. 

Daily  gage  height^  infeety  of  New  River  at  Radford^  Va, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1902. 
1 

4.00 
3.00 
2.20 
2.00 
1.80 
1.80 
1.60 
1.60 
1.50 
1.60 
1.20 
1.20 
1.10 
1.10 
1.10 
1.10 
1.00 
1.00 
1.00 
.90 
.90 
1.00 
1.00 
1.00 
1.00 
1.10 
1.20 
1.60 
2.00 
3.00 
3.40 

3.20 

3.30 

4.00 

3.80 

2.50 

1.80 

1.20 

1.00 

1.00 

1.20 

1.10 

1.00 

1.90 

.90 

.80 

.80 

.90 

.90 

1.00 

1.00 

1.10 

1.20 

2.00 

3.00 

6.83 

6.50 

3.20 

15.06 

12.00 
6.00 
4.20 
S.OO 
3.00 
2.50 
2.20 
1.80 
1.80 
1.60 
1.60 
1.60 
1.50 
1.50 
1.50 
1.50 
3.00 
2.60 
2.40 
2.00 
1.60 
1.50 
1.40 
1.40 
1.20 
1.10 
1.00 
1.00 
2.50 
2.50 
2.00 

1.80 
1.60 
1.50 
1.50 
2.00 
2.20 
2.00 
1.90 
1.90 
1.80 
1.80 
1.60 
1.60 
1.50 
1.50 
1.40 
1.80 
1.30 
1.20 
1.20 
1.20 
1.00 
1.00 
1.00 
.90 
.90 
.90 
.80 
.80 
.80 

0.70 
.70 
.70 
.70 
.60 
.60 
.60 
.60 
.50 
.50 
.40 
.40 
.30 
.20 
.20 
.20 
.20 
.10 
.10 
.00 

1.00 
.80 
.80 
.60 
.30 
.20 
.20 
.10 
.00 
.10 
.20 

0.20 

.30 

.80 

.40 

.60 

.60 

.60 

.60 

.60 

.50 

.50 

.40 

.40 

.40 

.20 

.50 

3.40 

2.50 

1.80 

1.40 

.80 

.60 

.40 

.40 

.30 

.20 

.10 

3.50 

2.30 

2.00 

1.50 

1.10 

.70 

.50 

.20 

.20 

.20 

.10 

-.10 

-.20 

-.20 

-.20 

-.20 

-.10 

-.10 

-.00 

-.10 

-.20 

-.40 

-.30 

-.20 

-.20 

.00 

.00 

.10 

.20 

.20 

.20 

.20 

.30 

.30 

0.40 

.40 

.30 

.30 

.30 

.20 

.30 

.30 

.40 

.30 

.20 

.20 

.10 

.10 

.10 

.20 

.00 

-.20 

-.40 

-.60 

-.70 

-.60 

-.70 

-.80 

-.80 

-.80 

-.90 

-.90 

-.90 

-.90 

-.90 

-1.00 
-1.00 
-1.10 

-  .80 

-  .60 

-  .60 

-  .60 
-.70 

-  .80 

-  .80 

-  .30 

-  .40 

-  .60 

-  .60 

-  .70 

-  .80 

-  .80 

-  .90 
-1.00 
-1.00 
-1.00 

-  .90 

-  .90 

-  .80 

-  .80 

-  .80 

-  .80 

-  .80 

-  .90 

-  .90 

-  .90 

-0.80 

-  .80 

-  .70 

-  .70 

-  .70 
.00 

-  .10 

-  .10 

-  .30 

-  .30 

-  .40 

-  .40 

-  .40 

-  .50 

-  .60 

-  .70 

-  .80 

-  .80 

-  .80 

-  .90 

-  .90 

-  .90 
-1.00 
-1.00 
-1.00 

-  .90 

-  .80 

-  .80 

-  .60 

-  .40 

-  .30 

-0.20 
.00 
.10 
.10 
.20 
.20 
.20 
.10 
.10 
.10 
.20 
.20 
.20 
.10 
.10 
.20 
.20 
.20 
.40 
.30 
.30 
.20 
.20 
.20 
.20 
.90 
1.20 
1.00 
.80 
.80 

0.70 

2 

.60 

3 

.60 

4 

.80 

5             

1  40 

c 

1.20 

7 

1.00 

8 

9 

10 

11 

12 

13 

1.00 
.90 
.70 
.60 
.50 
.80 

14 

.20 

15 

.20 

16 

17 

.80 
.40 

1« 

19 

.40 
1.00 

20 

.80 

21 

.80 

22 

.70 

23 

24 

25 

26 

.70 
.60 
.60 
.60 

27 

.50 

28 

.50 

29 

.50 

30 

.40 

31 

.40 

NEW   RIVER   NEAR   OLDTOWN,  VA. 


This  station,  like  those  on  the  North  and  South  Forks  of  New  River, 
was  established  to  aid  in  the  hydrographic  investigations  undertaken 
by  the  United  States  Geological  Survey  in  the  Southern  Appalachian 
area.  It  was  established  July  31,  1900,  and  is  located  about  2  miles 
west  of  Oldtown.  Oldtown  is  30  miles  from  the  railroad  at  Mount 
Airy,  N.  C. ,  and  9  miles  from  a  branch  of  the  Norfolk  and  Western 
Railway,  and  can  only  be  reached  by  private  conveyance. 
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The  gaging  station  was  located  at  Austin's  ferry.  The  wire  gage  is 
fixed  in  an  overhanging  tree  on  the  left  bank,  about  50  yards  upstream 
from  the  ferry.  The  scale  is  so  placed  that  the  zero  mark  is  next  the 
bank,  the  distance  from  the  index  on  the  wire  to  the  end  of  the  weight 
being  16.1  feet.  The  initial  point  for  soundings  is  on  the  right  bank 
and  the  measurements  of  discharge  are  made  from  the  ferryboat 
The  channel  above  and  below  the  station  is  straight  and  the  current 
swift.  The  right  bank  is  high  and  rocky  and  is  never  submerged,  hut 
the  left  bank  is  lower,  and  at  times  floods  cover  it  for  a  considerable 
distance. 

Since  the  gage  rod  at  this  station  is  so  placed  that  the  zero  mark  is 
next  to  the  bank  the  gage  readings  w^ere  reversed,  a  rise  in  the  water 
surface  being  indicated  by  a  decrease  in  the  gage  reading,  and  vice 
versa.  This  is  true  of  all  figures  for  gage  heights  for  this  station  pub- 
lished in  Water  Supply  Papers  Nos.  48  and  G5.  As  this  arrangement 
is  apt  to  be  misleading  and  inconvenient,  these  figures  for  gage  height 
are  reprinted  here  and  are  rectified  so  that  an  increase  in  gage  height 
means  an  increase  in  volume  of  flow. 

This  rectification  was  made  by  subtracting  all  observed  gage  heights 
from  7.3  feet,  this  l)eing  the  length  of  the  gage,  and  also  the  gage 
height  which  corresponded  to  the  lowest  stage  of  the  stream,  (iage 
heights,  as  printed  herewith,  above  7.3  feet  are  estimated  by  the 
observer.  The  only  exception  to  this  rule  is  the  height  of  the  flood  of 
May  22,  1901,  which  was  determined  directly  by  leveling.  This  was 
the  greatest  flood  since  1878,  when  the  river  rose  some  4  or  5  feet 
higher.  Owing  to  the  inaccessibility  of  this  station,  no  measure- 
ments of  the  flow  were  made  during  1902,  though  daily  records  of  the 
stage  of  the  surface  have  been  maintained.  This  station  will  shortly 
be  made  more  accessible  by  a  railroad  now  nearly  completed,  when 
discharge  measurements  will  ))e  begun. 

The  following  discharge  measurements  were  made  during  IIHH),  1901, 
and  1903 : 

Lii<t  of  dhcharfji'  ntfatfurementK  of  Neiv  Hirer  near  Oldtown   Va. 


Date. 


Hydrographcr 


1900.    ; 

Julv    31   I  N.C.  Curtis. 

» 

Oct.     2S    do 

1901. 
June   29  '  N.C.^OurtiH. 

1908. 
Fel).      (>  I   K.W.  Mvers 


ge  heigh  I. 

DiseharKC. 

Fftt 

Srcfmd-/€rt. 

0.70 

1,541 

1.00 

2,293 

4.45 

6,916 

1.70 

3,533 
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Daily  gage  height,  in  feet,  of  New  River  near  Oldtown,  Va. 


1 
2 
8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


Day. 


1900. 


Aug. 


0.60 
.60 
.60 
.50 
.40 
.40 
.40 
.80 
.80 
.20 
.20 
.10 
.00 
.10 
.60 
.50 


Sept. 


0.50 
.40 
.80 
.20 
.20 
.20 
.20 
.20 
.10 
.10 
.10 
.10 
.10 
.50 
1.60 
3.40 


Oct. 


0.40 
.50 
.60 
.70 
.90 
.90 
.80 
.70 
.60 
.60 
.50 
.40 
.40 
.50 
.40 
.40 


Nov. 


Dec. 


Day. 


1900. 


0.70 
.70 
1.90 
2.20  I 
1.70 
1.80  I 
1.00 
.90  I 
.80  j 
.80  1 
.80  ' 
.70  I 
.60  < 
.70 
.70 
.60 


1.00 

.90 

.80 

1.50 

2.70 


17. 
18. 
19. 
20. 
21. 


Aug. 


1.80  >   22. 
1.50  ,'  23. 


1.40 
1.40 
1.20 
1.20 
1.10 
1.00 
1.00 
.80 
.80 


I 


24. 
26. 
26. 
27. 
28. 
29. 
30. 
31. 


0.80 
.80 
.20 
.40 
.40 
.80 
.70 
.60 
.60 
.40 
.80 
.80 
.80 

1.00 
.70 


Sept. 

Oct. 

Nov. 

• 

Dec. 

1.60 

0.40 

0.50 

0.80 

.80 

.30 

.50 

.70 

.50 

.80 

.50 

.70 

.40 

.80 

.60 

.60 

.50 

.80 

.50 

.60 

.50 

.80 

.60 

.80 

.50 

.30 

.60 

.80 

.60 

a8.20 

.70 

.80 

.50 

3.00 

.70 

.50 

.80 

1.90 

4.90 

.60 

.50 

1.40 

2.70 

.60 

.40 

1.20 

1.50 

.60 

.40 

1.00 

1.30 

.60 

.50 

l.CO 

1.10 

1.00 

.80 

.90 

3. 


8. 

9. 
10 
11. 
12. 
IS. 
14. 
15. 
16. 


17. 

18. 

19. 

20. 

21. 

22.. 

28. 

24. 

25. 

26. 

27. 

28. 

20. 

80. 

SI. 


Day. 


1901. 


Jan. 


0.90 

.80 

.70 

.70 

.60 

.60 

.70 

.70 

.80 

.80 

1.00 

8.00 

2.40 

1.80 

1.40 

1. 10 

1.10 

.90 

.80 

.70 

1.00 

1.00 

.90 

.90 

.80 

.80 

.70 

.70 

.60 

.70 

.80 


Feb. 


0.80 
.70 
.60 

l.OQ 
.80 
.80 
.80 
.90 

1.00 

1.00 
.90 

1.00 
.90 
.70 
.80 
.80 
.80 
.80 
.70 
.70 
.60 
.60 

b.70 


Mar.    Apr. 


May 


1.10 


0.90 

.80 

.70 

.80 

.70 

.70 

.60 

.60 

.60 

.90 

1.40 

1.30 

1.00 

.90 

.80 

.80 

.70 

.70 

.60 

.70 

1.10 

1.00 

.80 

.70 

1.00 

4.00 

3.00 

1.90 

1.60 

2.00 

2.00 


1.60 
2.50 
6.10 
3.80 
2.60 
2.10 
2.00 
1.70 
1.60 
1.40 
1.80 
1.20 
1.10 
1.90 
1.80 
1.60 
1.40 
1.20 
1.20 

6.10 
3.70 
2.80 
2.60 
2.40 
2.30 
2.20 
2.10 
2.00 
1.80 


1.60 
1.40 
1.40 
1.80 

•1.20 
1.20 
1.80 
1.40 
1.60 
1.60 
1.60 
1.50 
1.20 
1.10 
1.10 
1.00 
1.60 
1.80 
1.60 
1.40 
1.80 

16.70 
6.10 
3.90 
3.10 
2.70 
4.40 
3.60 
3.30 
2.70 
2.40 


June. 


2.20 
2.00 
1.90 
1.80 
1.70 
1.60 
2.60 
2.20 
1.70 
1.60 
1.60 
1.50 
1.40 
2.40 
4.60 
3.80 
4.60 
8.50 
2.90 
2.40 
3.00 
3.80 
6.10 
4.60 
3.00 
2.80 
2.60 
2.30 
2.50 
2.10 


July. 


3.20 
2.20 
1.90 
1.90 
1.90 
1.80 
2.00 
1.90 
1.60 
1.50 
1.50 
1.40 
1.30 
2.60 
1.40 
1.60 
1.60 
2.40 
2.80 
2.40 
1.40 
1.80 
1.20 
1.10 
1.00 
1.00 
1.10 
1.20 
1.00 
1.00 
.90 


Aug.     Sept 


1.20 
1.10 
.90 
.90 
.90 
18.00 
4.90 
2.90 
2.00 
1.70 
1.80 
1.90 
4.30 
6.10 
4.20 
6.20 
6.20 
5.20 
4.10 
3.60 
8.90 
3.10 
6.10 
3.80 
3.00 
2.80 
8.10 
5.90 
8.70 
8.00 
8.10 


4.10 
3.10 
2.60 
2.40 
2.20 
2.10 
2.00 
1.90 
1.90 
1.70 
1.70 
1.60 
1.60 
1.60 
1.50 
1.60 
1.90 
2.00 
1.90 
1.70 
1.50 
1.40 
1.40 
1.20 
1,10 
1.10 
2.20 
2.00 
6.10 
2.80 


_— . 

■^ 

- 

Oct. 

Nov. 

Dec. 

2.10 

0.80 

0.80 

3.10 

.80 

.80 

2.30 

.80 

1.10 

1.90 

.90 

1.50 

1.70 

.90 

1.60 

1.50 

.90 

1.00 

1.50 

.80 

.90 

1.60 

.80 

.80 

1.40 

.80 

.80 

1.80 

.70 

1.6a 

1.30 

.70 

1.30 

1.20 

.70 

1.10 

2.40 

.70 

1.00 

3.80 

.60 

2.00 

1.90 

.60 

((10.00 

1.60 

.60 

4.10 

1.40 

.60 

3.00 

1.20 

.60 

1.90 

1.10 

.60 

1.70 

1.20 

.50 

1.60 

1.10 

.40 

1.60 

1.00 

.40 

1.50 

1.00 

1.40 

1.40 

1.00 

1.40 

2.50 

1.00 

1.20 

2.30 

.90 

1.10 

2.00 

.90 

1.00 

1.70 

.90 

1.00 

1.90 

.90 

.90 

a  10. 00 

.80 

.70 

6.00 

.80 

8.80 

aBstlinated. 

jBB  83— oa- 


b  Frozen  February  24  to  27, 
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Daily  gage  height,  in  feet,  of  New  River  near  Oldiown,  Va. — Gontinued. 


Day. 

Jan. 

Feb. 

Mar. 

1 
Apr. 

2.10 

May. 

i 
June., 

July. 

Aug. 

Sept, 

Oct. 

Nov. 

Dec. 

1902. 
1 

3.00 
2.70 
2.00 
2.00 
1.70 
1.90 
1.80 
1.70 
1.50 
1.60 
1.40 
1.30 
1.10 
1.10 
1.00 
.40 
1.30 
1.20 
1.20 
1.10 
1.00 
1.20 
1.10 
1.10 
1.20 
1.20 
1.00 
2.00 
1.70 
1.90 
3.00 

2.20 
2.50 
2.30 
1.90 
1.90 
1.70 
1.50 

6.20 
3.70 

1.00 

O.fiO 

1.90 

1.60 

1.40 

1.10 

1.00 

.80 

.90 

1.10 

1.20 

.80 

.80 

.70 

.70 

.80 

1.00 

.80 

.80 

.60 

.60 

.60 

.50 

.50 

.60 

.50 

.50 

.40 

.40 

.40 

.50 

.70 

.60 

0.50 
.70 
.70 
.70 
.60 
.60 

1.40 
.80 
.70 
.50 
.50 
.40 

2.00 

1.10 
.50 
.70 
.90 
.80 
.60 
.50 
.50 
.60 
.60 
.40 
.40 
.40 
.40 
.40 
.40 
.80 
1        .30 

0.30 
.30 
.50 

1.00 
.80 
.80 
.40 
,40 

1.00 

2.00 
.90 
.60 
.50 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.60 
.60 
.40 
.40 
.50 
.80 
.60 
.50 
.60 

.40 

1 

. . . 

0.40 
.40 
.60 
.50 
.80 

1.00 
.70 
.60 
.40 
.40 
.60 
.90 

1.00 
.90 
.70 
.50 
.50 
.40 
.40 
.40 
.40 
.20 
.20 
.20 
.20 
.20 
.40 
.90 

1.10 
.70 

.50 

1 

0.40 
.40 
.40 
.40 
.40 
.60 
.60 
.70 
.60 
.50 
.50 
.40 
.40 
.30 
.80 
.30 
.80 
.80 
1.10 
.70 
.60 
.60 
.50 
.60 
.60 
1.00 
1.20 
1.00 
.80 
.70 

1.00 

2 

1.80  '  1.00       -70 

1.10 

8 

2.80 

1.70  '  1.00 

.70' 

.70 

.60 

.60 

.60 

.90 

1.00 

1.00 

.90 

.90 

.60 

2.10 

1.90 

3.10 

2.80 

1.40 

4 

2.40  '  1.60       .90 
2.00  1  1.90       .90 
1.90  ,  1.70  ;  1.00 
1.90     1.60  ,  1.00 

1.50 

6 

1.50 

6 

1.40 

7 

1. 20 

8 

1.40 

1.80     1.90     1.10 

1. 10 

9 

1            , 
1.10  j  1.80     1.70     1.00 

.90  '  2.00     l.fiO       .90 

.90 

10 

.9) 

11 

1.00 
1.20 
1.20 
1.10 
1.00 
1.10 
1.10 

1.90     1.50       .80 

.90 

12 

13 

'» 

16 

1.70  1  1.50 
1.90     1.40 
1.60     1.40 
1.50     1.50 
1.90  1  1.50 
2.40  I  1.40 

.90 

.80 

.80 

1.00 

1.10 

1.00 

.«0 

.90 

,«) 

1.00 

17 

1.60 

18 

1 
1.20  ;  2.10     1.30 

2.00     1.90     1.20 

1.90     1.70     1.50 

2.20     1.60  1  1.50 

1.90     1.50  1  1.40 

1.50     1.40     1.80 

1.40     1.40     1.20 

3.60     1.30  1  1.20 

8.90  '  1.20     1.10 

2.60     1.20     1-00 

1.00 

1.70 

1.30 

19 *. 

1.50  1  1.40 

1.00     1.20 

1.10     1.10 

.90  '  1-00 

L20 

20 

1.00 

21 

1.00 

22 

1.20 

28 

.90 
1.00 
1.00 

.90 
.80 

1.10 

24 

1.00 

26 

.80 

26 

1.20  1     .90 

1.00     2.60 

.90  1  3.90 

.90  1  4.10 

.70  1  2.20 

.70    

1 

.60 

27 

M.OO 

28 

all.  00   1.40 

,  1.90 

3.90 

1  2.50 

1.00 
1.00 
1.00 

29 

30 

31 

aEstim 

Ated. 

b 

Frozen  December  28  to  31. 

NEW  RIVER  (north  FORK)  AT  WEAVER8FORD,  N.  C. 

During  the  summer  and  autumn  of  1900,  and  during  a  part  of  the 
same  period  in  1901,  a  special  investigation  of  the  h3'^drographic  con- 
ditions of  the  Southern  Appalachian  region  was  made  b^''  the  United 
States  Geological  Survey,  and  as  an  aid  in  this  work  temporary  sta- 
tions were  established  on  a  number  of  the  larger  streams.  Among 
these  were  the  North  and  South  Forks  of  New  River,  while  another 
station  was  also  established  below  the  confluence  of  these  streams,  near 
Oldtown,  Va. 

The  station  at  Weaversford  was  established  July  27, 1900,  by  Cleve- 
land Abbe,  jr.,  and  N.  C.  Curtis,  and  was  located  about  one-fourth  of 
a  mile  distant  from  Weaversford  post-office  and  near  Dixon's  mill. 
The  gage  rod  is  12.6  feet  long  and  is  nailed  to  the  downstream  vertical 
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timber  of  the  forebay  of  Dixon's  mill.  The  discharge  measurements 
are  made  by  wading  at  a  comparatively  shallow  ford  not  on  a  public 
road,  about  400  yards  below  the  house  of  Mr.  Dixon.  The  initial 
point  for  soundings  was  on  the  right  bank,  and  the  bed  of  the  stlream 
is  rocky  and  gravelly  and  constant  in  form.  The-  banks  of  the  river 
are  high,  and  previous  to  the  establishment  of  the  station  had  been 
overflowed  only  once,  in  1878. 

This  station  was  abandoned  December  31,  1901. 

The  following  discharge  measurements  were  made  in  1900  and  1901: 

List  of  discharge  meagurementa  of  New  River  {North  Fork)  at  Weaversford^  N.  C. 


Date. 

Hydrographer. 

Gage  height. 

Feet. 
0.60 
.90 

1.40 

Diifcbarge. 

1900. 
July     28 
Oct.      27 

N.  C.  Curtis . . . 

Second-feet. 
536 

do 

708 

1901. 
June    27 

N.C.Curtis 

1,377 

Daily  gage  fieighiy  infeety  of  New  River  {North  Fork)  at  Weaversfordy  N,  C. 


Day. 

June. 

July. 

Aug. 

0.10 
.10 
.10 
.10 

1 

1900. 

2 

8 

4     

5 ' 

6  

7     

H   

9     

10 

11   

12     - 

.10 
.10 
.30 
.20 
.20 
.10 
.10 
.10 
.10 
.20 
.40 
.60 
.40 
.10 
.10 

13     

■ 

14              

15 

16     

17         

18         

19  

20            

21        

22 

23       

24          

2S 

26 

Sept. 

Oct. 

Nov. 

0.10 

0.70 

0.70 

.90 

.80 

.60 

.90 

.75 

2.10 

.90 

.45 

•1.00 

.90 

.30 

.85 

.90 

.70 

.80 

.90 

........ 

.70 

.90 



.70 

1.00 

.60 

1.00 

.60 

1.00 

.60 

1.00 

.60 

.65 

.70 

.90 

.90 

.70 

.76 

.90 

.80 

.65 

.90 

.80 

.65 

.90 

.90 

.65 

.90 

.90 

.75 

1.00 

.90 

.80 

1.00 

.90 

.80 

1.00 

.90 

.90 

1.10 

1.00 

1.00 

7.80 

1.00 

.10 

6.60 

1.00 

.30 

1.70 

1.00 

.40 

1.00 

3.00 

Dec. 


0.80 
.90 
.90 
1.80 
1.20 
.60 
.50 
.70 
.70 
.70 
.70 
.80 
.80 
.90 
.90 
.70 
.70 
.70 
.70 
.80 
.80 
.80 
.90 
.90 
.90 
.90 
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STREAM  MEASUREMENTS   IN   1902,  PART   II. 


[NO.  S3. 


Daily  gage  height^  infeety  of  New  River  (Novth  Fbrk)  at  Weaversford,  N.  C. — Continued. 


Day. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

t 

'    Dec. 

1 

1900. 
27 

1.00 
.50 
.30 
.20 
.20 

0.10 
.10 

4.10 
.10 
.10 

0.60 
.80 
.90 
.65 

0.90 

1.00 

.90 

.90 

.80 

.60 
.50 
.40 
.40 
.60 
2.90 
1.00 
.80 
.60 
.40 
.40 
.40 
.50 
.40 
.40 
.60 
1.00 
.70 
.60 
.80 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 

1.00 

2.00 

.50 

.60 

;      1.00 

28 

]         1.00 

29 

1        l.OD 

30 : 

1 

31 

1 

1901. 
1 

1.70 
.90 
.60 
.80 

.40 
.20 
.10 
.10 
2.35 
5.75 
2.15 
9.00 
7.00 
7.50 
5.90 
3.75 
8.00 
3.70 
3.00 
3.15 
3.40 
3.60 
2.00 
2.60 
3.00 
2.60 
1.25 
3.00 
1.00 
1.50 
1.60 
1.80 
1.80 
1.20 
1.90 

1.80 
1.70 
1.30 
1.00 
.80 
.70 
.60 
.50 
.60 
.70 
.70 
.60 
.60 
.60 
.60 
.50 
.50 
.80 
.50 
.40 
.60 
.40 
.60 
.40 
.40 
.30 
.30 
.70 
.40 
1.20 

.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.30 
.30 
.20 
.20 
.'20 
.30 
.30 
.30 
.30 
.20 
.20 
.40 
.40 
.30 
.30 
.30 
.30 
.30 

.20 

2 

.20 

3 

1 

.60 

4  

.w 

5 

.70 
.60 
2.00 
.70 
.50 
.40 
.40 
.30 
.       .40 

») 

6 

.30 

7 

.30 

8 

.20 

.30 

10 

.70 

.40 

12 

.30 

.30 

14 

.30 
.30 
.40 
1.20 
1.60 
.70 
.60 
,80 
.20 
.20 
.20 
.20 
.70 
.70 
.10 

2.00 

15 

7.60 

16 

1.50 

17 

1. 00 

18 

.80 

19 

.60 

20     

.60 

21 

.40 

.'0 

23 

.40 

.;» 

25 

.30 

.60 

27 

1.00 
1.00 

1.50 

28     

1.60 

29          

.90  '        .10 

10.50 

1.00 

.10 
.20 

4.40 

31 

3.40 
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RcUing  tc 

ible  for  New  River  ( iS 

Torth  Fork) 

cU  Weaversford,  N,  C,  for  1900  and  1901. 

Gaire 
lieigrht. 

Diaeharjre. 

Gage 
height. 

Discharge. 

Gage 
height. 

Feet. 

Discharge. 
Seeond-fett. 

Second-feet. 

JPeet. 

Second-feet. 

Feet. 

Second-feet. 

O.O 

1.6 

I,  745 

3.2 

4,705 

4.8 

7,665 

.1 

260 

1.7 

1,930 

3.3 

4,890 

,       4.9 

7,850 

.2 

300 

1.8 

2,115 

3.4 

5, 075 

5.0 

8,  o:i5 

.3 

350     1 

1.9 

2,300 

3.5 

5, 260     '       5. 1 

8",  220 

.4 

400 

2.0 

2,485 

3.6 

5,445     1       5.2 

8,4a5 

.5 

465 

2.1 

2,670 

3.7 

5, 6:^0 

5.3 

8,590 

.6 

515     ■ 

2.2 

2,855 

3.8 

5, 815 

"       5.4 

8,  775 

.7 

580 

2.3 

3,040 

3.9 

6, 000     !       5. 5 

8,960 

.8  • 

650 

2.4 

3,225     ' 

4.0 

6,185 

5.6 

9,145 

.9 

720 

2.5 

3,410 

4.1 

6,370 

5.7 

9,  .330 

1.0 

810 

2.6 

3,595 

4.2 

6,555 

5.8 

9, 515 

1.1 

920 

2.7 

3,780 

4.3 

6,740 

5.9 

9,700 

1.2 

1,040 

2.8 

3,965 

1      4.4 

6,925 

6.0 

9,885 

1.3 

1,200 

2.9 

4,150 

'      4.5 

7,110    i 

1.4 

1,375 

;    3.0 

4,335 

4.6 

7.295 

1.5 

1 

1,560 

1 

3.1 

4,520    i 

4.  i 

7.480 

Elstimated  monthly  discharge  of  Nev)  River  (North  Fork)  at  Wenversfordj  N.  C. 

[Drainage  area,  278  square  miles.] 


Month. 


1900. 


July  « 

August  ^ 

September . 
October  ^ . . 
November . 
December  ^ 

June<' 

July 

August 

September . 
October  ... 
November . 
December  . 


Discharge  In  .second-feet. 


Run-off. 


Maximum. 


Minimum. 


Mean. 


Second- 
feet  per 
square 
mile. 


810 


4,335 


1901. 


2,4a5 

15, 435 

2,115 

3,040 

400 

18,210 


260 


455 


260 
260 
350 
300 
:«)0 
300 


443 
541 
626 
1,571 
901 
717 

788 
596 

4,211 
fH3 
511 
325 

1,942 


Depth  in 
inches. 


1.59 
1.95 
2.25  ; 
5.65 
3.24  I 
2.58 

2.83 
2.14 
15. 15 
2.31 
1.84 
1.17 
6.98 


0.28 
1.74 
2.51 
5.05 
3.61 
2.97 

.42 
2.47 
17.46 
2.58 
2.12 
1.31 
8.06 


a  5  days. 


C>24  days. 


e  29  days. 


<f  June  27-30. 
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STBEAH   MEASUBEMENT8   IN    1902,   PABT   II. 


fNO.  83w 


NEW  RIVER   (south  FORK)  AT   NEW  RIVER,  N.  C. 

This  station  was  established  July  28,  1900,  by  Cleveland  Abbe,  jr., 
and  N.  C.  Curtis,  and  was  located  near  New  River  post-office  and  about 
75  yards  upstreanoi  from  Warden's  store. 

The  gage  is  a  wire  coixi  running  over  a  bolt  driven  into  a  locust 
tree  and  the  stage  of  the  water  surface  is  referred  to  a  horizontal  scale, 
divided  into  feet  and  tenths,  by  means  of  a  pointer  securely  fastened 
to  the  wire  10.55  feet  distant  from  the  end  of  the  double  sa^^h  weight** 
which  are  lowered  to  touch  the  surface  of  the  water  when  an  obser- 
vation of  its  height  is  to  be  made.  The  stage  is  then  read  direct  on 
the  gage  rod. 

The  initial  point  for  soundings  at  this  station  was  marked  by  a 
notch  cut  in  a  small  poplar  tree  at  the  point  of  gaging,  which- was  at  a 
ford  about  1  mile  downstream  from  the  gage.  The  measurements  of 
discharge  are  made  by  wading. 

The  channel  is  straight,  the  banks  seldom  overflow,  and  the  bed  of 
the  stream  rockv  and  covered  with  cobbles  and  bowldei*s.  This  station 
was  abandoned  December  31,  1901. 

The  following  discharge  measurements  were  made  in  1900  and  1901: 

LvA  of  dUcharge  nwasureinenitt  of  New  River  (SotUh  Fork)  at  Neiv  River,  N.  C. 


Date. 

1900. 
July    28 
Oct.     28 

1901. 
June   27 


Hydrosrrapher. 


N.  C.  Curtis 
do 


QsLge  height. 


FeeL 
2.70 
2.60 

3.90 


Dischargie. 


Second-feet, 
751 
1,035 

1,976 


DaUy  gage  height^  in  feet,  of  New  River  (South  Fork)  at  New  River ,  N.  C. 


Day. 

July. 

Aug. 

Sept. 

Oct. 

2.30 
2.30 
2.45 
2.80 
2.75 
2.70 
2.65 
2.60 
2.45 
2.40 
2.40 
2.35 
2.80 
2.30 
2.30 
2.30 

Nov. 

2.60 
2.60 
3.50 
3.80 
3.30 
2.80 
2.65 
2.60 
2.60 
2.60 
2.60 
2.55 

Dec. 

2.70 
2.70 
2.70 
3.95 
3.70 
3.20 
2.85 
2.80 
2.80 
2.75 
2.70 
2.70 

1900. 
1 

2.45 
2.35 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.36 
2.40 
2.35 
2.30 

2.30 
2.25 
2.20 
2.20 
2.20 
2.20 
2,20 
2.20 
2.20 
2.20 
2.20 
2. 16 
2.10 
2.55 
2.60 
3.70 

17 

2 

18 

3 

19 

4 

?0 

5 

?1 

6 

n 

7 

?3 

8 

'f4 

9 

1-25 

1     '^ 

10 

11 

|w 

12 

1    ^' 

1    ?« 

13 

2.50     2.60 
2. 50     2. 60 
2.45     2.60 
2. 40     2. 60 

1'^ 

14 

30 

16 

1 
1  31 

16 

1     " 

Day. 


1900. 


July. 


2.65 
2.50 
2.50 


Aug. 


2.20 
2.20 
2.20 
2.20 
2.20 
2.30 
2.90 
2.80 
2.30 
2.25 
2.20 
2.20 
2.60 
2.45 
2.35 


Sept. 


Oct, 


2.80 

2.25 

2.40 

2.20 

2.40 

2.20 

2.80 

2.20 

2.30 

2.20 

2.30 

2,20 

2.30 

7.90 

2.80 

6.70 

2.30 

3.75 

2.80 

3.05 

2.80 

2.90 

2.30 

2.70 

2.30 

2.60 

2.30 

2.60 

2.60 

Nov. !  Dec 


2.40 
2.40 
2.40 
2.40 
2.35 
2.30 
2.30 
'2,30 
2.70 
5.-20 
3.60 
S.05 
2.95 
2.80 


2  60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.70 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.80 
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Daily  gage  height,  in  feet,  of  New  River  {South  Fork)  al  New  Hirer ,  N.  C. — Continued. 


—                     _^        _                   _      _^ 

^"' "~ 

■ 



~ 

—         — 

^ 

"- 

-  — 

Day. 

Jan. 

Feb. 

Mar, 

Apr. 

May.  June. 

1 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1901. 

1 

2.75 

2.55 

2.60 

3.05     3.40  , 

3.96 

2.85 

4.80 

3.80 

2.95 

2.70 

2 

2.70 
2.70 

2.50 
2.55 

2.60 

2.55 

4.45 
5.65 

3.30    

3.30  ' 

3.70 
3.60 

2.80 
2.75 

4.30  [  3.70 
4.10  '  3.70 

2.90 
2.90 

2.70 

3 

3.16 

4 

2.65 

2.80 

2.60 

4.25 

3.25    

3.70 

2.70     4.05 

3.50 

2.90 

3.16 

5 

2.60 

2.70 

2,50 

3.70 

3.30    

3.65 

3.95  .  3.a5 

3.40 

3.00 

2.96 

6 

2.55 

2.50 

2.50 

3.60 

3.30    

4.05 

9.47 

3. 70     3. 30 

2.95 

2.86 

7 

2.50 

2,66 

2.60 

3.55 

3.20 

3.65 

5.30 

3.65 

3.25 

2.90 

2.75 

8 

2.50 

2.70 

2.50 

3.40 

3.20 

3.55 

4.00 

3.60 

3.20 

2.90 

2.70 

9 

2.50 

3.06 

2.50 

3  10     3.55  |. 

3.45 

3.65 

3.60  '  3.15 

2.90 

2.80 

10 

2.56 

2.95 

2.60 

3.05     3.45    ^  8.30 

3.36 

3.60     3.10 

2.90 

3.80 

11 

3.20 

2.80 

3.16 

3.00  1  3.65  , 3.20 

3.35 

3.55     3.10 

2.90 

3.40 

12 

3.55 
3.50 

2.65 
2.60 

2.95 
2.70 

2.95     3.45    ;  3.20 

4.65 
6.25 

3.55     3.10 
3.60     4.90 

2.90 
2.90 

3.00 

13 

3.05  ,  8.20    

3.15 

2.90 

14 

2.95 
2.90 

2.60 
2.60 

2.65 
2.60 

3.80 
3.40 

3.00    

3.00    

3.20 
3.25 

5.60 
5.60 

3.60     4.20 

3.60     3.25 

1 

2.85 
2.80 

6.90 

16 

13.00 

16   

2.80 
2.80 
2.70 

2.60 
2.60 
2.60 

2.60 
2.60 
2.50 

3.10     3.00 
8.05     3.00 

3.40 
3.50 
3.50 

5.5J5     3.60  ,  3.10 
7.20     3.60     3.10 
6.15     3.75     3.10 

2.80 
2.80 
2.80 

5.40 

17 

4.30 

18 

3.00     3.10    

3.96 

19 

2.70 
2,70 

2.60 
2.60 

2.50 
2.56 

4.70     3.25  , 3.45 

13.30     3.30  1 j  2.95 

5.75     3.60  i  3.00 
4.70     3.55     3.00 

2.80 
2.80 

3.86 

20 

3.56 

21    

2.70 
2.70 
2.70 
2.70 
2.65 
2.65 
2.65 

2.55 
2.55 
2,50 
2.55 
2. 75 
2.70 
2.60 

3.00 
2.90 
2.65 
2.60 
2.85 
6.20 
5.00 

6.65     8.00    3.00 

5.05     3.45     3.00 
4.85  •  3.40  1  3.00 

2.80 
2.80 
3.50 
3.20 
2.95 
2.80 
2.80 

3.46 

22        

4.95    15.00  : 

2.90 
2.90 
2.85 
2.80 
2.80 
2.80 

3.36 

23  

4.55 
4.45 

5. 00     3. 40 

3.00 
3.00 
3.00 

3.25 

24        

5.25 
4. 45 

3.:jo 

3.30 

3.25 

25 

4.25 
4.05 
3. 75 

3.45 

26   



5.a5     3.25     3.00 

3.55 

27 

4.60     3.15 

3.00 

3.60 

28                    

2.60 
2.65 
2.60 
2.60 

2. 55 

3.70 
3.20 
8.40 
3.45 

3.70 
3.60 
3.65 



2.80 
2.90 
2.90 
2.90 

5.00     3.40 
4.80  '  5.50 
4.55  ,  4.20 
5.00    

3.00 
3.00 
3.00 
3.00 

2.80 
2.80 
2.75 

3.70 

29           

r.70 

ao          

6. '20 

31    

4.80 

1 

Ratirig  UibUfor  New  Hirer  {South  Fork)  at  New  Hirer,  S.  a,  for  1900  and  1901, 


Gage 
height.    ; 

1 
DiHcharge. 

-    —    I.- 
1 
Second-feet. 

Gage 
height. 

i  Discharge. 

Gage 
height. 

Feet. 

Di.seharge. 
Scrond-frrt. 

Gage 
height. 

Fed. 

Discharge. 

1 

Feet. 

Feet. 

Seeond-JvH. 

Second-fret. 

2.2 

240 

4.0 

2,090 

5.8 

4,070 

10.0 

8,690 

2.4 

440 

1 

4.2 

2,310     ' 

6.0 

4,290 

11.0 

9,7?K) 

2.6 

640     1 

4.4 

2,530     1 

6.2 

4, 510 

12.0 

10,890 

2.8 

840     1 

4.6 

2,  750 

1         ' 

6.4 

4,  730 

13.0 

11,990 

3.0 

1,040 

4.8 

'       2, 970 

6.6 

4,950 

14.0 

13,090 

3.2 

1,240 

5.0 

3,190 

6.8 

5, 170 

15.0 

14,190 

3.4 

1,440     ,, 

5.2 

3,410 

7.0 

5, 390 

; 

1 

1 

3.6 

1,650     , 

5.4 

3,630     ; 

8.0 

6,490 

3.8 

1,870    |i 

5.6 

3,850 

9.0 

7,590 

1 
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fNo.  sa. 


Edimated  monthly  discharge  of  Neiv  River  (SouUi  Fork)  at  New  Rwer,  N,  C. 

[Drainage  area,  327  square  miles.] 


Month. 


1900. 


Julyfl 

August 

September. 
October  . . . 
November . 
December  . 

January  . . . 
February . . 

March 

April 

May  ^ 

June 

July 

August 

September. 
October  ... 
November . 
December  . 


Discharge  in  second-feet. 


Maximum.     Minimum. 


Mean. 


1901. 


540 
1,760 
6,380 
3, 410 
2,0^5 

1,595 

1,090 

3,410 

12,320 


240 
200 
240 
340 
640 

540 
540 
540 
990 


Run-off. 


Second- 
feet  per 
square 
mile. 


590 
342  I 
389 

878  ' 

820 

789 

779 

677 

957 

2, 275 

2,123 


1.80 
1.05 
1.19 
2.68 
2.51 
2.41 

2.38 
2.07 
2.93 
6.96 
6.49 


Depth  in 
inches. 


0.20 
1.21 
1.33 
3.09 
2.80 
2.78 

2.75 
2.16 
3.37 
8.88 
5.31 


2,145 
8,000 
3,740 
3,080 
1,540 
11,990 


840 
740  I 
1,190 
1,040 
790 
740 


1,302 
2,659 
1,489 
1,305 
932 
2,187 


3.99 
8.13 
4.55 
3.99 
2.85 
6.69 


5.  75 
9.37 
5.07 
4.60 
3.17 
7.71 


a  Three  days. 


fc  May  (1-22). 


CUMBERIiAND  DRAINAGE  BASEKT. 

Cumberland  River  rises  in  the  eastern  part  of  Kentucky  and  flows 
west  till  it  meets  the  South  Fork,  which  rises  in  northern  Tennessee 
and  flows  northward.  After  this  junction  the  Cumberland  turns 
toward  the  southwest  into  Tennessee,  and,  after  flowing  through  the 
north-central  part,  again  enters  Kentucky  in  Trigg  County,  flows 
across  the  State,  and  enters  the  Ohio  River  at  Smithland,  about  15 
miles  above  the  mouth  of  Tennessee  River.  The  gaging  station  on  this 
river  is  located  at  Nashville,  Tenn.,  and  is  under  the  care  of  B.  M.  Hall. 

CUMBERLAND  RIVER  AT   NASHVILLE,   TENN. 

The  gage,  which  belongs  to  the  United  States  Engineer  Corps,  is  at 
the  foot  of  Broad  street.  It  is  in  three  sections,  two  of  which  are 
upright  and  one  inclined.  The  lowest  section,  extending  from  —0.2 
foot  to  +46  feet,  is  on  the  slope  of  the  bank  and  consists  of  timbers 
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embedded  in  the  ground,  bearing  an  iron  strap,  into  which  the  mark- 
ings are  cut.  The  section  extending  from  gage  height  46  to  63  feet 
is  fastened  to  a  small  building  at  the  top  of  the  bank,  and  consists  of  a 
timber  painted  white  with  black  markings.  The  top  section  of  the 
gage,  extending  from  52  feet  to  55.3  feet,  is  on  the  corner  of  Temper- 
ance Hall,  painted  on  the  stones  in  white  with  black  markings.  In 
addition  there  is  a  vertical  section  reading  from  —1.2  feet  to  +2  feet. 
The  datum  of  the  gage  corresponds  to  elevation  110.3  feet  of  the  city 
levels-  A  cross,  cut  on  the  upper  tnee  of  the  corner  stone  in  the 
southeast  corner  of  Tempemnce  Hall,  on  Broad  street,  near  Front 
street,  is  52  feet  above  the  zero  of  the  gage,  and  366.6  feet  above  mean 
sea  level.  The  highest  observed  water  was  56.3  feet  on  January  22, 
1882.  The  lowest  occurred  on  October  15  and  16,  1878,  at  a  gage 
height  of  —0.4  foot.     The  danger  line  is  at  40  feet. 

Records  have  been  kept  for  a  number  of  years  by  the  United  States 
Weather  Bureau,  from  which  readings  previous  to  those  here  pub- 
lished may  be  obtained. 

Daily  gage  height^  infeetf  of  Cumberland  River  at  Nashville,  Term. 


Day. 

Jan. 

27.40 

29.10 

29.40 

27.90 

24.30 

19.10 

14.90 

12.10 

10.60 

9.60 

8.70 

7.90 

7.30 

6.90 

6.30 

6.00 

5.70 

Feb. 

39.00 

40.30 

40.30 

40.80 

40.10 

38.20 

30.80 

22.60 

16.00 

12.70 

11.10 

9.80 

8.80 

7.60 

7.10 

6.90 

'    6.60 

6.20 

6.00 

5,90 

5.80 

5.90 

6.00 

8.80 

10.50 

13.10 

13.00 

16.00 

Mar. 

16.80 
16.90 
20.70 
21.70 
22.60 

•:».oo 

27.80 
30.10 
82.10 
32.30 
31.60 
29.60 
28.20 
25.20 
21.50 
19.00 
19.60 
20.60 
21.30 
21.60 
21.20 
20.50 
19.20 
14.30 
12.30 
10.90 
9.90 
10.10 
32.70 
43.40 
44,70 

Apr. 

44.00 

45.40 

46.00 

46.00 

46.10 

45.20 

39.70 

30.20 

21.40 

16.60 

14.50 

13.20 

11.80 

10.70 

9.80 

9.10 

8.50 

8.10 

7.70 

7.40 

6.90 

5.80 

5.70 

5.60 

5.60 

5.90 

6.00 

6.20 

7.00 

9.10 

May. 

15.40 

24.00 

22.20 

21.90 

21.60 

17.00 

13.50 

13.80 

10.40 

8.80 

7.90 

7.80 

7.20 

6.90 

6.70 

6.60 

6.60 

6.40 

5.60 

5.10 

6.20 

4.80 

4.70 

4.60 

4.40 

4.20 

3.90 

3.60 

3.50 

3.40 

3.30 

June. 

3.60 
3.50 
3.30 
3.20 
3.00 
3.00 
2.80 
2.80 
2.60 
2.50 
2.50 
2.90 
2.40 
2.30 
2.30 
2.20 
2.10 
2.10 
2.00 
2.00 
2.10 
2.20 
2.20 
2.20 
2.00 
2.10 
2.40 
2.50 
2.90 
6.70 

•  ■  «  41  «  «  • 

July. 

7.60 
7.20 
7.70 
8.40 
9.00 
8.80 
7.80 
7.80 
6.40 
4.40 
3.50 
3.80 
3.10 
3.10 
3,00 
2.70 
2.30 
2.20 
2.00 
2.10 
2.50 
1.90 
2.20 
1.90 
1.80 
1.70 
1.60 

Aug. 

1.70 
2.80 
2.60 
2.20 
2.10 
2.00 
2,00 
1.80 
4.20 
4.10 
3.70 
2.20 
2.00 
2.20 
2.10 
2.10 
2.20 
2.10 
2.10 
2.10 
2.00 
2.00 
1.90 
1.80 
1.90 
1.90 
1.80 

Sept. 

1.60 
2.50 
2.10 
2.50 
2.30 
2.10 
1.90 
1.80 
1.90 
1.70 
1.50 
1.40 
1.30 
1.20 
1.10 
1.10 
1.00 
1.00 
1.20 
1.20 
1.10 
1.00 
1.00 
1.10 
1.50 
2.60 
3.20 
3.10 
2.80 
2.90 

Get. 

Nov. 

_ 

1.60 

Dec. 

1902. 
1 

5.50 
5.40 
4.60 
4.30 
3.30 
3.00 
2.50 
2.20 
2.10 
1.90 
2.00 
2.60 
3.20 
5.10 
6.80 
6.40 
.=S,8t) 
.5.20 
5.10 
4.40 
4.10 
3.60 
3.40 
3.10 
2.80 
2.40 
2. 10 
2.00 
2.00 
1.80 
1.70 

19.40 

2 

1.60     18.00 

3 

1.50  j  17.20 

4 

1.40     18.60 

5 

6 

7 

1.50     19.20 
1.50     21,50 
1.50     20.50 

8 

1.40     19.60 

9 

1.40     18.70 

10 

1.40     17.40 

11 

1. 50     15. 80 

12 

1.40  !  13.70 

13 

1.40     11.40 

14     

1.30       9.40 

15     

1.30  '  12.80 

16     

1.30  '  2C.50 

17                

1.30     30.30 

18                    

5.30 

1.40     31.20 

19 

5.30 
5.40 

1.40  '  31.30 

20                

1.50     .'i2.80 

21     

6.00 
9.90 
10.70 
11.70 
11.90 
12.40 
17.50 
22.70 
24.80 
81.20 
35.20 

1.80     33.30 

22           

1.90     :J2.40 

2JI     

2.10     31.20 

24       

2.10     23.20 

25 

3.60     21.00 

26 

11.80 

18.40 

27 

15. 20     m.  20 

28 

1.60  1  1.90 

17.50 
18.80 
19.60 

13.80 

29 

90 

1.90 
2.20 
1.80 

1.80 
1.70 
1.60 

12.30 
13.40 

31 

12.90 
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[NO.  R3. 


MISCELLANEOUS  MEASUREMENTS  IN   CUMBERLAND   DRAINAGE    BASIN. 

The  following  miscellaneous  discharge  measurements  were  made  in 
the  Cumberland  drainage  basin  in  1902  by  B.  M.  Hall  and  his  assistants: 


Date. 

May  19.. 
Dee.  11.. 


stream. 


Clear    Fork    of    Cumberland 
River. 

Cuml)erlan<l  River 


Locality, 


Discharge. 


One-half  mile  fn)m  Clearfiehl, 
Tenn. 

Bumside,  Ky 


li 


3,295 


TENNEHSEK  RIVER   r>RAINAGE   BASIN. 

Tennessee  River  is  formed  by  the  junction  of  the  French  Broad  and 
the  Holston  about  4  miles  al)ove  Knoxville,  Tenn.  It  flows  southwest, 
crossing  into  Alabama  about  40  miles  below  Chattanooga,  Tenn. ,  and, 
after  crossing  the  northern  part  of  Alabama,  again  enters  Tennessee 
in  Harding  County.  It  then  flows  north,  crossing  Tennessee  and  Ken- 
tucky, and  entera  the  Ohio  River  at  PaducAh,  about  40  miles  above 
Cairo.  Its  principal  tributary  on  the  north  is  Clinch  River,  which 
enters  it  near  Kingston,  Roan  County,  Tenn.  The  principal  tribu- 
taries on  the  south  are  Hiwassee  and  Little  Tennessee  rivers.  The 
Hiwassee  rises  in  the  northern  part  of  Georgia  and  flows  into  the  Ten- 
nessee about  80  miles  above  Chattanooga.  Its  principal  tributarie.s  are 
the  Ocoee  and  the  Nottelv.  Little  Tennessee  River  rises  in  the  north- 
ern  part  of  (ieorgia,  flows  across  the  southwestern  part  of  North 
Carolina,  and  enters  the  Tennessee  near  Loudon,  Tenn.  Its  principal 
tributary  is  the  Tuckasegee.  French  Broad  River  rises  in  the  western 
part  of  North  Carolina.  Its  principal  tributaries  are  the  Pigeon  and 
the  Nolichucky.  Holston  River  rises  in  the  western  part  of  V^irg-inia. 
Its  principal  tributary  is  Watauga  River,  into  which  stream  Roan 
Creek  enters.  During  1U02  the  United  States  (Geological  Survey 
maintained  the  following  stations  in  this  basin  under  the  super- 
vision of  B.  M.  Hall  and  E.  \V.  Myers,  resident  hydrographers  for 
this  section:  On  the  Tennessee  at  Chattanooga,  Tenn.;  on  the  Hiwas- 
see at  Charleston,  Tenn.;  on  the  Toccoa  (Okoee),  near  Blue  ridge,  Ga.: 
on  the  Hiwassee  at  Reliance,  Tenn.;  on  the  Nottely  at  Ranger,  N.  C; 
on  the  Hiwassee  at  Murphy,  N.  C. ;  on  the  Little  Tennessee  at  Jud- 
son,  N.  C. ;  on  the  Tuckasegee  at  Bryson,  N.  C.;  on  the  Tennessee  at 
Knoxville,  Tenn.;  on  the  French  Broad  at  Oldtown,  near  Newport, 
Tenn. ;  on  the  Pigeon  at  Newport,  Tenn. ;  on  the  Nolichuck}^  River, 
near  Chucky  Valley,  Tenn. ;  on  the  Holston  (S.  F.)  at  Bluff  City,  Tenn. ; 
on  the  Watauga  at  Butler,  Tenn. ;  on  Roan  Creek  at  Butler,  Tenn. 


TENNESSEE    BIVEB   DRAINAGE   BASIN. 


203 


TENNESSEE   RIVER  AT  CHATTANOOGA,  TENN. 

This  station  was  established  in  1879,  at  the  foot  of  Lookout  street, 
just  below  Chattanooga  Island,  by  the  Signal  Corps  of  the  United 
States  Army;  but  since  July  1,  1891,  it  has  been  in  charge  of  the 
Weather  Bureau.  During  the  year  1900  a^new  gage  was  established. 
It  is  a  vertical  rod  bolted  to  the  south  side  of  the  third  stone  pier 
from  the  south  end  of  the  Hamilton  County  highway  bridge.  During 
the  present  year  the  self-registering  gage  invented  by  Professor 
Fulton,  of  Tennessee  University,  has  been  in  use  at  this  station.  The 
gage  is  connected  by  wire  with  the  Weather  Bureau  office,  and  a 
continuous  electrical  record  of  river  height  is  made  in  the  same  manner 
as  the  record  of  wind,  sunshine,  etc.  Gage  heights  are  furnished  to 
the  Geological  Survey  through  L.  M.  Findell. 

The  following  discharge  measurements  were  made  during  1902: 

June  25:  Gage  height,  3.80  feet;  discharge,  17,773  second-feet. 
October  9:  Gage  height,  2.00  feet;  dischai^e,  10,678  second-feet. 
November  14:  Gage  height,  1.55  feet;  discharge,  9,282  second-feet. 

Daily  gage  height,  in  feet,  of  Tennessee  River  at  Chattanooga,  Tenn. 


Day. 

1 
Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

19Q2. 

1 

1 

40.10 

20.10 

24.00 

90.90 

5.60 

4.00 

9.80     2.20 

1.40 

3.90 

1.30 

6.20 

m 

2 

40.80 

21.80 

31.90 

27.00 

8.60 

3.80 

10.20     2.00 

1.20 

3.70 

1.30 

5.10 

3 

37.60 

23.20 

36.80 

18.00 

9.30 

3.60 

8. 80     2. 10 

1.20 

3.90 

1.40 

6.70 

4 

26.80 
15.00 
10.90 
9.70 
8.90 
8.00 
7.70 
7.30 
6.90 
6.60 

21.70 

18.00 

14.60 

11.70 

10.00 

8.80 

8.10 

7.60 

6.90 

6.40 

38.00 
85.90 
30.30 
25.60 
20.70 
17.90 
15.60 
14.20 
12.90 
12.10 

12.80 
10.70 
10.00 
9.60 
9.80 
9.90 
9.60 
8.90 
8.40 
8.00 

8.00 
6.80 
6.00 
6.60 
5.60 
5.60 
6.20 
5.00 
4.80 
4.60 

3.60 
3.40 
3.40 
3.20 
8.20 
3.80 
3.40 
3.20 
3.40 
3.80 

7.60  1  2.40 
6.60     2.40 
5.60     2.80 
4.50     2.50 
4.00     2.10 
3.70  1  1.90 

1.50 
1.30 
1.40 
1.50 
1.60 
1.50 
1.60 
1.40 
1.60 
1.90 

3.30 
3.00 
2.80 
2.40 
2.10 
2.00 
1.90 
2.20 
2.90 
2.70 

1.50 
1.50 
1.60 
1.40 
1.80 
2.20 
2.10 
1.90 
1.80 
1.80 

7.40 

5 

7.80 

6 

7.50 

7 

7.50 

8 

6.60 

9 

6.00 

10     

3.60 
3.40 
3.40 
3.60 

2.20 
2.80 
2.70 
2.40 

5.30 

11        

4.70 

12     

4.20 

IS 

3.90 

14 

6.20 
6.80 
5.60 

6.00 
6.00 
6.10 

11.20 
10.60 
10.00 

7.50 
7.30 
7.10 

4.60 
4.50 
4.60 

3.30 
3.10 
3.00 

4.80 
5.00 
4.20 

2.00 
1.70 
1.60 

2.10 
2.00 
1.90 

2.70 
3.80 
3.40 

1.60 
1.50 
1.40 

3.60 

15      

3.40 

16 

3.60 

17 

5.30 

6.00 

12.20 

6.90 

4.70 

3.00 

3.80 

1.50 

1.80 

3.50 

1.40 

4.80 

18     

5.10 
5.10 

5.80 
5.60 

14.60 
14.90 

6.80 
6.70 

4.60 
4.50 

3.00 
1.00 

3.30 
3.10 

1.60     1.50 

3.00 
2.80 

1.40 
1.70 

7.40 

19 

1.60 

1.40 

7.80 

20              

5.20 
6.40 
6.20 
6.60 

5.50 
5.20 
5.70 
6.80 

14.10 

12.80 

10.60 

9.60 

6.60 
6.60 
6.30 
6.11) 

4.40 
4.40 
4.60 
4.80 

4.50 
4.60 
4.40 
4.00 

2.90 
2.60 
2.70 
2.90 

1.40 
1.50 

1.40 
1.40 

'2.60 
2.20 
2.00 
1.80 

1.90 
2.10 
1.90 
1.90 

7.20 

21               

7.00 

22 

1.60     2.00 
1.60  1  2.60 

8.70 

23 

9.60 

24              

6.70 
6.60 
6.10 
6.30 
8.50 
12.60 

7.90 
8.10 
8.60 
8.60 
13.30 

8.90 
8.30 
7.80 
7.60 
7.20 
12.90 

6.00 
6.90 
6.70 
6.60 
5.40 
6.20 

4.60 
4.60 
4.60 
4.20 
4.00 
4.40 

3.90 
3.70 
3.50 
4.00 
3.90 
4.00 

2.60 
2.30 
2.00 
2.00 
1.90 

1.50     2.60 
1.40     2.80 
1.40  '  3.30 
1.50     3.60 
1.60  '  3.60 

1.80 
1.60 
1.50 
1.40 
1.40 
1.30 

2.00 
2.10 
3.50 
6.10 
6.30 
6.80 

8.70 

25         

7.20 

26           -.-- 

6.50 

27            

6.70 

28              

5.10 

29 

1.90     1.60 

8.60 

4.50 

30 

15.80 

26.60 

6.20 

4.60 

6.00 

2.00     1.90 

3.60 

1.20 

6.40 

4.30 

31            

18.90 

31.00 

4.30 

2.30 

1.70 

1.20 

4.60 
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STREAM   MEASUREMENTS   IN   1902,  PART  II. 


[KO.  83. 


Rating  table  for  Tennessee  River  at  ChaUanooffa,  Tenn.,  far  190£. 


Gage 
height. 

1. 

DiMharge. 
Second-feet. 

Gage 
height. 

Diflchaige. 

Gage 
height. 

Dlachaige. 

Gage 
1   height. 

Discbarge. 

1 

Feet. 

!      Feet. 

Second-feet. 

Feet, 

Second-feet. 

Feet. 

Hecond-feeL 

1       1.2 

8,040 

5.2 

28,240 

14.0 

85,200 

24.0 

150,200 

1.4 

8,820 

5.4 

29,480 

14.5 

88,450 

24.5 

153,450 

1      1.6 

9, 620 

5.6 

:i0,720 

15.0 

91,700 

25.0 

156,700 

1.8 

10,430 

5.8 

31,960 

15.5 

94,950 

25.5 

1 

159,950 

2.0 

11,250 

'      6.0 

33,200 

16.0 

98,200 

26.0 

163,200 

2.2 

12,080 

'      6.5 

1 

:%,450 

16.5 

101,450 

1    27.0 

169,  700 

.      2.4 

12,930 

1      7.0 

39,700 

17.0 

104,700 

28.0 

176,200 

'      2.6 

13,800    , 

7.5 

42, 950 

17.5 

107,950 

29.0 

182,  700 

,       2.8 

14,680 

8.0 

1 

46,200 

18.0 

111,200 

30.0 

189,200 

3.0 

15,600 

8.5 

49,450 

18.5 

114, 450 

31.0 

195,700 

3.2 

16,550 

1      9.0 

1 

52,700 

19.0 

117,  700 

32.0 

202,200 

3.4 

17,550 

'      9.5 

1 

55,950 

19.5 

1 

120,950 

'    33.0 

208,700 

1      3.6 

18,550 

10.0 

59,200 

20.0 

124,200 

34.0 

215,200 

3.8 

1 

19,600 

1     10.5 

62,450 

20.5 

127, 450 

35.0 

221,700 

4.0 

20,800 

11.0 

65,700 

21.0 

130,700 

j    36.0 

228,200 

4.2 

22, 040 

1     11.5 

68,950 

21.5 

133, 950 

37.0 

1 

234,700 

4.4 

23,  280 

12.0 

72,200 

22.0 

137,200 

38.0 

241,  200 

1      4.6 

24,520 

12.5 

75, 450 

22.5 

140, 450 

39.0 

247,700 

4.8 

25,  760 

13.0 

78,700 

23.0 

143, 700 

1    40.0 

254,200 

5.0 

27,000 

13.5 

81,950 

23.5 

146,950 

1 

1 
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£8iimaled  monthly  discharge  of  Tennessee  River  at  Chattanooga^  Tenn. 

[Drainage  area,  21,418  miles.] 


Month. 


January  .. 
February  . 

March 

April 

May 

June 

July 

August 

September 
October  . . 
November 
December 


1902. 


The  year 


Diflchaige  in  second-feet. 


Maximum.     Minimam. 


Run-off. 


259,400 

145,000 

241,200 

195, 050 

54, 650 

27,000 

60,500 

14,680 

18,550 

20,200 

35,150 

56,600 


Mean. 


Second-  i 

feet  per  [  Depth  in 
square       inches, 
mile.     I 


HIWAS8EE   BIVER  AT   CHARLESTON,  TENN. 

The  gaging  station  on  this  river  is  located  at  the  bridge  of  the 
Southern  Railway,  600  feet  from  the  depot,  in  the  town  of  Charleston, 
Tenn.  It  is  17  miles  from  the  mouth  of  the  river  and  53  miles  above 
Chattanooga,  Tenn.  This  station  was  originally  established  by  the 
United  States  Engineer  Corps,  but  is  now  maintained  half  the  year 
by  the  United  States  Weather  Bureau  and  the  other  half  by  the  United 
States  Geological  Survey.  The  gage  rod  is  fastened  to  the  downstream 
end  of  the  south  pier  of  the  bridge,  125  feet  from  the  shore.  It  is 
painted  white,  and  marked  in  feet  and  tenths.  The  bench  mark  is  a 
cros.s,  cut  in  the  top  surface  of  the  upper  corner  stone  of  the  pier,  and 
is  35  feet  above  the  zero  of  the  gage.  The  greatest  height  recorded  at 
this  point  was  on  March  31,  1886,  when  the  gage  read  32.2  feet.  The 
danger  line  is  placed  at  22  feet.  The  railroad  bridge  is  an  iron  three- 
span  bridge,  with  a  total  length  of  390  feet.  There  are  embankments 
at  each  end  which  confine  the  water,  even  at  the  highest  stages.  The 
observer  is  J.  C.  Bates,  Charleston,  Tenn. 

In  1902  the  following  discharge  measurement  was  made: 

November  15:  Gage  height,  0.40  foot;  discharge,  1,306  second-feet 


' 
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STREAM   HEASUBEMENTS   IN   1902,  PART  TL. 
Daily  gage  height^  infect,  of  Hiwassee  River  at  Ckarlegtoriy  Tenru 


[KO.  83. 


Day. 

Jan. 

Feb. 

10.20 
12.00 
11.70 
7.90 
6.00 
5.00 
4.50 
4.10 
3.80 
3.50 
3.30 
3.10 
3.10 
3.00 
3.10 
3.10 
3.00 
2.90 
2  80 
2.80 
3.00 
4.70 
4.60 
3.90 
3.90 
4.70 
4.20 
17.60 

Mar. 

23.00 

15.10 

14.60 

14.50 

12.70 

11.10 

8.10 

6.50 

7.20 

6.60 

5.80 

5.30 

Apr. 

May. 

June. 

July. 

Aug. 

0.80 
.70 

1.20 
.90 

1.60 

1.00 
.60 
.50 

.« 

.40 
.60 
.80 
.60 
.40 
.40 
.40 
.50 
.40 
.30 
.30 
.30 
.30 
.30 
.20 
.10 
.60 
.80 
.70 
.80 
1.00 
.60 

Sept. 

Oct. 

1.50 
1.80 
.90 
.70 
.60 
.60 
.80 
.60 
.50 
.40 
.60 
1.60 
1.40 
2.30 
l.fiO 
1.20 
.90 
.70 
.60 
.60 
.50 
.60 
.50 
.40 
.40 
.40 
.40 
.40 
.40 
.30 
.80 

1 

D«c. 

1902. 
1 

17.00 
15.90 
11.30 
5.50 
4.60 
4.20 
3.90 
3.70 
3.50 
3.30 
3.20 
3.00 
2.80 
2.70 
2.70 
2.60 
2.60 
2.50 
2.70 
3.00 
2.80 
8.80 
3.40 
2.90 
2.80 
2.80 
2.90 
5.00 
4.70 
4.70 
6.50 

9.50 
6.50 
5.00 
4.70 
4.70 
4.20 
4.70 
5.90 
5.40 
4.50 
4.10 
3.90 

3.20 
6.00 
4.10 
3.80 
2.90 
2.80 
2.70 
3.20 
2.60 
2.50 
2.40 
2.30 
2.20 
2.50 
2.50 
2.30 
2.20 
2.30 
2.30 
2.30 
2.20 
2.10 
1.90 
1.90 
1.90 
1.80 
1.90 
1.80 
1.70 
1.60 
1.60 

1.60 
1.60 
1.70 
1.60 
1.50 
1.40 
1.50 
1.60 
2.10 
1.70 
1.50 
1.40 
1.30 
1.30 
1.40 
1.40 
1.30 
1.30 
1.30 
1.40 
1.80 
2.00 
1.50 
1.20 
1.10 
2.00 
2.20 
1.80 
1.40 
1.40 

1.30 

1.10 

1.10 

1.00 

1.00 

1.10 

1.00 

1.00 

1.00 

.90 

1.00 

1.00 

1.70 

1.90 

2.00 

2.00 

1.20 

1.00 

.80 

1.00 

1.30 

1.30 

1.20 

.80 

.70 

.70 

.60 

.60 

.90 

1.30 

.90 

0.50 

.50 

1.00 

.60 

.60 

.70 

.40 

.40 

.30 

.30 

.30 

.40 

.60 

.90 

1.00 

.60 

.30 

.40 

.40 

.50 

1.20 

.40 

.40 

.30 

2.10 

2.40 

1.70 

1.40 

1.30 

1.30 

1 

1  0.30 

<     .30 

'     .30 

;     .30 

,     .30 

.     .30 

l.GO 

'  1.10 

.SO 

.«> 

.60 

.50 

.50 

.40 

.40 

.40 

.40 

1.10 

1.60 

1.00 

.80 

.60 

.60 

.60 

1.00 

6.60 

3.30 

2.20 

1.70 

1.50 

1.60 

2 

1.90 

3 

6.00 

4 

5.a» 

5 

3- TO 

6 

S.» 

7 

2.40 

8 

2.00 

9 

1.80 

10 

1.60 

11 

1.60 

12 

1  W 

13 

5. 00     3. 70 

I     1  30 

14 

5.10 
4.50 
5.50 
10.00 
7.00 
5.60 
5.00 
4.60 
4.40 
4.20 
4.00 
3.80 
3.70 
3.50 
3.70 

3.60 
3.60 
3.50 
3.40 
3.60 
3.40 
3.30 
3.20 
3.00 
2.90 
2.90 
2.80 
2.70 
2.70 
2.70 

1.30 

15 

'     1.20 

16 

♦     1.60 

17 

18 

19 

t 

3.40 

3.30 

2  40 

20 

2.00 

21 

2  10 

22 

6  20 

23 

4  40 

24 

3  10 

25 

2-30 

26 

2  30 

27 

2.00 

28 

1  70 

29 

11.50     '^.60 

1  70 

30 

16.30 
11.60 

3.40 

2  fill 

31 

2_70 
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Raling  tabic  for  Hitvassee  River  at  Charleston,  Tenn,,  for  1902. 


Gage 
heierht. 

Diflchaige. 

■ 

Gage 
height. 

Discbaige. 

Gage 
height. 

Diflchaige. 
Sec(md-/eet. 

Gage 
height. 

Discharge. 

F^et. 

Secxmd-feet. 

Feet. 

Secondrfcet. 

Feet. 

Second'/eet.  • 

0.2 

1,200 

3.4 

5,580 

7.5 

11,525 

15.5 

23,125 

.4 

1,380     1 

3.6 

5, 870 

8.0 

12, 250 

16.0 

23,850 

.6 

1,580 

3.8 

6,160 

8.5 

12, 975 

16.5 

24,575 

.8 

1,820 

4.0 

6,450 

9.0 

13,700 

17.0 

25,300 

!           1.0 

2,100     ' 

4.2 

6,740 

9.5 

14,425 

17.5 

26, 025 

i       1-2 

2,390 

4.4 

7,030 

10.0 

15,150 

18.0 

26,750 

1    4 

2,680 

4.6 

7,320 

10.5 

15, 875 

19.0 

28,200 

1.6 

2,970 

4.8 

7,610 

11.0 

1 

16,600 

20.0 

29,650 

1.8 

3,260 

5.0 

7,900 

11.5 

17,325 

21.0 

31,100 

2.0 

3,550 

5.2 

8,190 

:     12.0 

18,050 

22.0 

32,550 

2.2 

3,840 

5.4 

8,480 

12.5 

18, 775 

23.0 

34,000 

2.4 

4,130 

5.6 

8,770 

13.0 

19,500 

24.0 

35,450 

2.6 

4,420    i 

5.8 

9,060 

13.5 

20,225 

25.0 

36,900 

2.8 

4,710 

6.0 

9,350 

14.0 

20,950 

3.0 

5,000 

6.5 

10, 075 

14.5 

21, 675 

3.2 

5,290 

1 

7.0 

10,800 

15.0 

22,400 

Etstimaled  monthly  discharge  of  Uivxtssee  River  at  Charlestoriy  Tenn. 

[Drainage  urea,  2,297  square  miles.] 


Month. 


1902. 


January  . . 
February  . 

March 

April 

May 

June 

July 

August 

Septenaber 
October  .. 
November 
December 


Discharge  in  second-feet. 


Run -off. 


The  year i      34,000 


Maximum. 

Minimum. 

Mean. 

Second- 
feet  per 
square 
mile. 

Depth  in 
inches. 

25,300 

4,275 

7,339 

3.20 

3.69 

26, 170 

4,710 

8,185 

3.56 

3.71 

34,000 

5,725 

12,  320 

5.36 

6.18 

14, 425 

4,420 

6,455 

2.81 

3.14 

7,900 

2,970 

4,205 

1.83 

2.11 

3,840 

2,245 

2,864 

1.25 

1.39 

3,550 

1,580 

2,265 

.99 

1.14 

2,970 

1,120 

1,598 

.70 

.81 

4,130 

1,285 

1,859 

.81 

.90 

3,985 

1,285 

1,837 

.80 

.92 

10,220 

1,285 

2,260 

.98 

1.09 

9,640 

2,390 

4,383 

1.91 

.  2.20 

34,000 

1,120 

4,631 

2.02 

27.28 
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STBEAM   MEASUBEX£irr8   IN  19Q2,  PART  TI. 
TOCCOA  (oKOEE)  BIVER  NEAR   BLUERIDOE,  GA. 


[NO.  S3. 


This  stream,  called  Toccoa  River  in  Georgia  and  Okoee  River  in  Ten- 
nessee, has  its  source  on  the  northern  slopes  of  the  Blue  Ridge  Mountains 
in  Georgia  and  flows  northwest  into  Hiwassee  River.  The  area  is  cov- 
ered with  a  fine  growth  of  oak,  hickory,  and  other  hard  woods.  The 
station,  established  by  B.  M.  Hall  on  November  25, 1898,  is  located  at 
the  Morganton  bridge,  about  4  miles  east  of  the  town  of  Blueridge, 
Ga.  The  gage  is  a  14-foot  rod,  in  two  7-foot  sections,  nailed  to  a  tree 
on  the  right  bank  just  below  the  bridge.  It  is  graduated  to  feet  and 
tenths  and  is  set  to  conform  to  bench  marks  which  were  established 
October  15,  1896,  and  October  26,  1898.  The  measurements  during 
1896  were  made  at  the  railroad  bridge  about  3  miles  below,  but  are 
referred  to  the  present  gage  by  comparison  of  the  bench  marks  at  the 
two  bridges.  The  bench  mark  at  Morganton  bridge  is  on  the  top  of 
the  bridge  floor,  on  the  downstream  side,  50  feet  from  the  initial  point, 
and  is  18  feet  above  the  zero  of  the  gage.  The  bridge  was  a  wooden, 
queen-post,  open  bridge,  in  three  spans,  with  a  total  length  between 
abutments  of  158  feet,  but  it  has  been  remodeled  and  changed  into  a 
closed  bridge,  not  suitable  for  use  in  making  discharge  measurements 
at  such  an  irregular  section.  Measurements  are  now  made  at  a  ferry 
about  2i  miles  below,  but  the  gage  at  the  bridge  is  still  maintained. 
The  observer  is  W.  E.  Rogers,  a  farmer  living  about  a'quarter  of  a 
mile  east  of  the  gage. 

The  following  discharge  measurements  were  made  during  1902: 

April  25:  (iage  height,  3.20  feet;  dischai^e,  749  second-feet. 
November  21:  Gage  height,  2.15  feet;  discharge,  253  second-feet. 

Daily  gage  height^  in  feet ^  of  Toccoa  River  near  Blueridge y  Ga. 


Day. 


1902. 


6. 


9. 
10. 
11. 
12. 
18. 
14. 
15. 
16. 
17. 


Jan. 


6.00 
5.00 
5.00 
4.  GO 
4.50 
4.30 
4.00 
4.00 
4.00 
4.00 
4.00 
3.60 
3.60 
3.60 
3.50 
3.50 
3.50 


Feb.    Mar. 


4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.30 
4.20 
4.00 
4.00 
4.00 
4.00 


4.00 

I  4.00 

<  4.00 

I  4.00 

I  3.80 

I  3.80 

I  3.70 

I  3.70 

,  4.00 

!  6.00 

5.50 

5.60 

6.00 

5.00 

6.00 

'  5.00 

4.80 


Apr. 

1 
1 

May. 

1 
1 
4.80 

3.50 

4.80 

3.50 

4.60 

3.40 

4.60 

3.00 

4.50 

3.00 

4.00 

3.00 

4.00 

3.00 

4.00 

3.00 

4.00 

3.00 

4.80 

3.00 

4.80 

3.00 

4.00 

3.00 

4.00 

3.00 

3.80 

3.00 

3.80 

3.00 

3.80 

3.00 

3.60 

8.00 

June. 

July. 

2.80 

2.60 

2.80 

2.50 

2.80 

2.50 

2.80 

2.50 

2.80 

2.50 

2.80 

2.50 

2.80 

2.50 

3.00 
8.00 
3.00 

:).oo 

3.00 
3.00 
3.00 
2.80 
2.80 
2.80 


2.40 
2.40 
2.40 
2.80 
2.60 
2.40 
2.40 
2.40 
2.40 
2.40 


Aug. 

Sept 

2.60 

2.80 

2.60 

3.00 

2.40 

3.00 

2.40 

3.00 

2.40 

3.00 

2.80 

2.80 

2.30 

2.80 

2.80 

2,80 

2.80 

2.60 

2.80 

2.60 

2.80 

2.60 

2.30 

3.00 

2.80 

3.00 

2.30 

2.80 

2.80 

2.80 

2.80 

2.80 

2.20 

2.(10 

Oct.    Nov.  i  Dec 


2.60 
2.60 
2.50 
2.60 
2.60 
2.60 
2.60 
2.  GO 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.50 
2.60 
2.50 


I  I 

I  ^^ 
I  2.40  ' 

i  2.40  I 

,  2.40  I 

I  '^'^  I 
I  2.40  I 

I  a.  00  1 

I  3.00  , 
i  3.00 
i  2.50  ' 
1  2.50  ' 
I  2.40 
I  2.40 
2.40 
2.40 
2.40 
2.40 


a.  00 
4.00 
4.00 
4.00 
4.00 
3.50 
3.50 
3.50 
3.00 
8.00 
S.00 
3.00 
3.00 
3.00 
8.00 
3.00 
3.00 
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Daily  gage  height ,  in  feet,  of  Toccoii  River  near  lilueridgey  Ga. — Continued. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1902. 

1 
1 

18 

S.50 
8.50 
3.50 

4.00 

6.00 

10.00 

4.80 
4.60 
4.60 

8.60 
3.60 
3.40 

3.00 
3.00 
3.00 

2.70 
2.70 

2. 40      2  30      '1  «0 

2.50 
2.50 
2.60 

2.40 
2.40 
2.40 

3.00 

19 

2.40 
2.40 

2. 20     2.  «0 

3.00 

20 

2.20 

2.80 

3.00 

•21 

3.40 
3.40 
3.40 

5.00 
5.00 
5.00 

4.30 
4.00 
4.00 

3.40 
3.40 
3.40 

3.00 
3.00 
3.00 

2.70 
2.60 
2.60 

2.40 
2.40 
2.40 

2.20     2.80 
2.20     2.70 
2.20     2.70 

2.50 
2.50 
2.50 

2.30 
2.30 
2.30 

3.50 

22 

3.50 

28 

3.50 

24 

3.40 
3.40 
4.00 
4.00 

4.00 
4.00 
4.00 
4.00 

4.00 
4.00 
4.00 
4.00 

3.20 
3.20 
3.20 
3.40 

3.00 
3.00 
3.00 
3.00 

2.60 
2.50 
2.50 
2.50 

2.40 
2.40 
2.40 
2.40 

2.20 
2.20 

2.60 
2.60 

2.50 
2.50 
2.40 
2.40 

2.30 
4.00 
3.00 
3.00 

3.20 

25 

3.00 

26 

2.20     2.60 

3.00 

27 

3.00 

2.60 

3.00 

28 

5.00 

4.00 

3.80 

3.40 

3.00 

2.50 

2.40     3.00     2.50 

2.40 

3.00 

3.00 

29 

5.00 

6.00 

3.40 

2.80 

2.50 

2.40 

3.00 

2.50 

2.40 

3.00 

3.00 

30 

4.50 

5.00 

3.50 

2.80 

2.60 

2.40 

2.80  ;  2.50 

2.40 

3.00 

3.00 

4.50 

5.00 

2.80 



2.60  .  2.80    

2.40 

3.00 

Rating  table,  for  Tocroa  (Okoee)  River  near  Bltieridgef  Ga.,  for  1902. 


Gaire 
hei^t. 

Diacbarge. 

Gage 
height. 

Discharge. 
Second-fed. 

1 

Gage 
height. 

Fed. 

Dlficharge. 

Gage 
height. 

Feet. 

DiHcharge. 
Second-feet. 

Feet. 

Second-feet. 

1 

Feet. 

Second-ffet. 

2.2 

270 

3.6 

1,162 

5.0 

2,660 

6.8 

4,586 

2.3 

•312    1 

3.7 

1,269 

5.1 

2,767 

7.0 

4,800 

2.4 

356 

3.8 

1,376 

5.2 

1 

2,874 

7.2 

5,014 

2.5 

400 

3.9 

1,483 

5.3 

2,981 

7.4 

5,228 

2.6 

447 

4.0 

1,590 

5.4 

3,088 

7.6 

5,442 

2.7 

497 

4.1 

1,697 

5.5 

3,195 

7.8 

5,656 

2.8 

550 

4.2 

1,804 

5.6 

3,302 

1       8.0 

5,  870 

2.9 

606     ' 

4.3 

1,911 

5.7 

3,409 

9.0 

1 

6,940 

3.0 

666    , 

4.4 

2,018 

5.8 

3,516 

10.0 

8,010 

3.  1 

732 

4.5 

2,125 

5.9 

3,623 

11.0 

9,080 

3.2 

804 

4.6 

2,232 

6.0 

3,730 

12.0 

10, 150 

3.3 

883     ' 

4.7 

2, 339 

6.2 

O,    <7'1'1 

13.0 

11,220 

3.4 

969 

1 

4.8 

2,446 

6.4 

4,158 

'     14.0 

12,290 

3.6 

1,062 

1 

B  83—03- 

4.9 
14 

2, 553 

6.6 

4,372 

IB 
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KstimaUd  monthly  (litharge  of  Tocron  (Okoee)  River  near  Blnerid^je,  Ga, 

[Drainage  arcia,  231  square  mileH.] 


January  . . 
February  . 

• 

March 

April 

May 

June 

July 

August  ... 
September 
October. . . 
November 
December 


Month. 


1902. 


The  year 


Discharge  in  seoond-feot. 


Maximum. 


8,010 


Minimum. 


2,660 
8,010  j 
3,730 
2,446 
1,062 
(>66  ' 
447 
666 
666  , 
447  1 
1,590 
1,590 


969 
1,590 
1,269 
804 
550 
400 
312 
270  I 
400  I 
355  I 
312  I 
666  I 


270 


Mean. 


1,602 
2,029  I 
2,104 
1,459 
690 
530  ] 
370  I 
361  I 
531 
406  ' 
476  . 

866  : 


Run- off. 


I  Seoond- 
feet  per 
I    Hquare 
I     mile. 


Depth  in 
incheti. 


952 


6.94 
8.78 
9.11 
6.  32 
2.99 
2.29 
1.60 
1.56 
2.30 
1,76 
2.06 
3.75 


I 


i 


4.12 


8.00 
9.14 
10.50 
7.a5 
3.4,5 
2.  .55 
1.84 
1.80 
2.57 
2.03 
2.  :30 
4.32 


55.  55 


HIWASSEE   RIVER   AT   RELIANCE,  TENN. 

This  station  wa.s  established  by  O.  P.  Hall  on  Au^st  17, 1900.  Tho 
gage  is  a  vertical  tiraber,  graduated  to  feet  and  tenths,  spiked  to  a  tree 
on  the  right  Imnk  of  the  river  about  200  feet  al)ove  the  Atlanta,  Knox- 
ville  and  Northern  Railroad  bridge,  and  very  near  the  ferry  landing-. 
Measurements  are  made  from  the  railroad  bridge,  a  new  steel  structure 
of  three  spans  of  140  feet  each,  which  has  recently  been  substituted  for 
the  old  wooden  bridge.  Bench  mark  No.  1  is  a  nail  in  a  notch  cut  in 
a  hickor}'  tree  on  the  right  bank  of  the  river,  about  75  feet  above  the 
end  of  the  bridge  and  5.82  feet  above  the  zero  of  the  gage.  Bench 
mark  No.  2  is  the  top  of  bridge  girder  downstream,  40  feet  from  the 
right-bank  end  of  the  bridge,  and  is  23.90  feet  above  the  zero  of  the 
gage.  At  ordinary  stages  the  river  is  about  350  feet  wide  at  this 
point,  and  the  section  is  a  fairly  good  one,  but  at  low  stages  the 
current  becomes  sluggish.  The  observer  is  C.  V.  Higdon,  a  farmer 
and  ferryman,  who  lives  near  the  gage. 

During  1902  the  following  div^charge  measurements  were  made; 

April  23:  Gage  height,  2.05  feet;  discharge,  2,972  second-feet. 
August  11:  Gage  height,  O.SH  foot;  dincharge,  832  second-feet. 
October  1:  Gage  height,  1.28  feet;  discharge,  1,236  second-feet 
November  19:  Gage  height,  1.37  feet;  discharge,  1,372  second-feet, 
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I^otUy  gage  height,  in  feet,  of  Hivxuset  River  near  Reliance,  Tenn. 


Day. 


1902. 


1.... 
2.... 
3.... 

4 

5.... 
6.... 

7 

8 

9.... 
10.... 

v.... 

12..-. 
13.... 
14..-. 
15-... 
16. . . - 

17 

18.... 
19.... 
20.... 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


3.40 

8.00 

2.80 

2.60 

2.40 

2.40 

2.30 

2.20 

2.20 

2.10 

2.00 

2.00 

1.90 

1.90 

1.90 

1.90 

1.90 

1.80 

2.00 

2.10 

2.10 

2.50 

2.10 

2.00 

1.90  1- 

1.90 

2.00 

2.60 

2.60 

2.50 

3.10 


4.60 
6.70 
4.30 
3.30 
2.90 
2.70 
2.50 
2.40 
2.30 
2.20 
2.20 
2,10 
2.10 
2.00 
2.00 
2.10 
2.10 
2.00 
1.90 
1.90 
2.10 
2.70 
2.50 
2.30 
2.40 
2.50 
2.40 
10.00 


Mar. 

Apr. 

May. 

1 
Jane. 

July. 

6.30 

3.00 

2.10 

1.50 

1.30 

3.30 

2.80 

2.40 

1.40 

1.30 

3.60 

2.70 

2.10 

1.40 

1.30 

3.20 

2.70 

2.00 

1.50 

1.30 

3.60 

2.60 

2.00 

1.40 

1.40 

3.30 

2.50 

1.90 

1.40 

1.30 

3.00 

2.60 

1.90 

1.40 

1.10 

2.90 

3.20 

1.90 

1.60 

1.20 

2.40 

2.80 

1.90 

1.40 

1.10 

2.10 

2.60 

1.80 

1.60 

1.10 

2.90 

2.50 

1,80 

1..50 

1.20 

2.80 

2.40 

1.70 

1.40 

1.30 

2.70 

2.60 

1.80 

1.40 

1.90 

2.70 

2.30 

1.90 

1.30 

1.40 

2.60 

2.40 

1.90 

1.30 

1.90 

2.90 

2.30 

1.90 

1.40 

1.50 

3.80 

2.30 

1.80 

1.30 

1.20 

3.00 

2.30 

1.80 

1.30 

1.10 

2.80 

2.20 

1.80 

1.40 

1.10 

2.70 

2.20 

1.80 

1.40 

1.10 

2.60 

2.20 

1.70 

1.30 

1.10 

2.60 

2.20 

1.70 

1.60 

1.10 

2.50 

2.10 

1.60 

1.30 

1.00 

2.40 

2.10 

1.60 

1.20 

1.00 

2.40 

2.00 

1.60 

1.20 

1.00 

2.30 

2.00 

1.70 

1.40- 

1.00 

2.30 

2.00 

1.70 

1.70 

.90 

2.40 

1.90 

1.60 

1.40 

.90 

5.50 

2.00 

1.50 

1.40 

1.00 

4.50 

2,10 

1.50 

1.30 

1.10 

3.50 

1.60 

1.10 

Aug. 


1.00 

1.10 

1.00 

1.20 

1.00 

1.00 

1.00 

.90 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

.90 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

.70 

.70 

.70 

.90 

1.20 

1.20 

1.10 

.90 


Sept. 

Oct. 

Nov. 

Dec. 

0.90 

1.20 

0.90 

1.60 

.80 

1.20 

.90 

1.60 

.80 

1.10 

.90 

3.00 

.90 

1.00 

.90 

2.60 

1.20 

1.00 

.90 

2.20 

1.00 

1.00 

.90 

2.00 

.90 

1.10 

1.50 

1.70 

.80 

1.00 

1.20 

1.60 

.80 

.90 

1.00 

1.60 

.90 

.90 

1.00 

1.40 

1.20 

1.00 

1.00 

1.60 

1.00 

1.20 

1.00 

1.40 

.90 

1.50 

1.00 

1.40 

1.20 

1.40 

1.00 

1.40 

1.00 

1.40 

1.00 

1.30 

.90 

1.20 

1.00 

1.60 

.90 

1.10 

.90 

2.60 

.80 

1.00 

1.40 

2.10 

.80 

1.00 

1.60 

1.80 

1.50 

1.00 

1.20 

1.70 

1.20 

1.00 

1.10 

1.80 

1.10 

1.00 

1.10 

3.10 

1.00 

.90 

1.10 

2.30 

1.00 

.90 

1.00 

2.00 

1.10 

.90 

1.70 

1.90 

1.70 

.90 

3.00 

1.70 

1.60 

.90 

2.00 

1.60 

1.30 

.90 

1.70 

1.60 

1.80 

1.00 

1.50 

1.60 

1.10 

.90 

1.50 

1.90 

.90 

1.80 

Rating  table  for  IliwoMee  River  at  Reliance,  Tenn.,  for  i9(hi. 


Gafe 
heiiht. 

DiAchaige. 
SaxmA-Jeiei. 

Gage 
height. 

Fed. 

Discharge. 
Secomd-fed. 

Oage 
height. 

Discharge. 

Qage 
height. 

Discharge. 
Second-feet. 

Feet. 

Ftei. 

Secondrfeet. 

Feet. 

0.8 

780 

2.4 

3,620 

4.0 

9,300 

5.6 

16,880 

1.0 

970 

2.6 

4,190 

4.2 

10,190 

5.8 

17,840 

1.2 

1,205 

2.8 

4,800 

4.4 

11,120 

6.0 

18,800 

1.4 

1,486 

3.0 

5,460 

4.6 

12,080 

6.5 

21,200 

1.6 

1,805 

3.2 

6,140 

4.8 

13,040 

7.0 

23,600 

1.8 

2,170 

3.4 

6,870 

5.0 

14,000 

8.0 

28,400 

2.0 

2,600 

3.6 

7,640 

5.2 

14,960 

2.2 

3,090 

3.8 

8,460 

5.4 

15, 920 
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Etdimat^d  monthly  dij*rfmrge  of  HiimiMiee  River  at  Reliance^  Tenn. 

[DralnHjHre  aroH,  I.IHO  square  miles.] 


Month. 


1902. 


January  . 
February 
March . . . 


April 

May 

June 

July 

August  . . . 
SeptemlHjr 
October. . . 
November 
Decemlier 


The  year 


DischarKe  in  neoond-feet. 


(),870  ; 
38, 000 
20,  240 
6, 140  j 
3,620 

I 

1,980  i 

2,375  ' 

I 

1,205  , 

1,980  ' 

1,640  i 

5,450  I 

5,  790  I 


38,000 


2,170  I 
2,375 
2,840  ' 
2,  375 
1,640  ' 
l,2a5  ; 
870  , 
700  ; 
780 
870  ' 
870 

i,;wo  ' 

700  ' 


!  Maximum.  >  Minimum,  i       Mean. 


Run-off. 


Second-  i 

feet  per  I  Depth  in 

aqiiare  i    inchi>i<, 

mile. 


3,  320 
5,729 
6,070  i 
3,634  I 
2,2a5  I 
1,491 
1,239  I 
875 

i,a54 

1,034 
1,351 
2,388 


2, 532 


2.  SI 
4.86 
5.14 
3.08 
1.87 
1.26 

i.a5 

.74 

.89 

.88 

1.14 

2.02 


3.24 
5.  06 
5.92 
:?.44 
2.16 
1.41 
1.21 
.85 
.99 
1.01 
1.27 
2.:?3 


2.14 


28.89 


NOTTEI.Y    RIVER   AT    RANGER,  N.  C. 

The  station  was  established  by  Olin  P.  Hall,  on  February  16,  1901. 
It  is  situated  at  the  Nottely  wagon  bridge,  about  one-half  mile  from 
Ranger,  N.  C,  on  the  Murphy  division  of  the  Atlanta,  Knoxville  and 
Northern  Railway.  The  bridge  is  an  old  wooden  structure,  about  125 
feet  in  length  between  abutments,  and  about  20  feet  above  low  water. 
The  bridge  is  supported  on  2  wooden  bents,  dividing  it  into  3  spans. 
The  gage  is  a  L  by  3  inch  pine  board  in  two  sections,  ea<*h  8  feet  long, 
graduated  to  feet  and  tenths  and  fastened  to  the  upstream  side  of  the 
right  wooden  abutment.  The  bench  mark  is  the  top  of  the  down- 
stream end  of  the  cap  of  the  right  abutment;  its  elevation  is  20.05 
feet  above  the  zero  of  the  gage.  The  initial  point  for  sounding  is  the 
edge  of  the  right  a})utment  on  the  downstream  side.  The  observer  is 
A.  D.  Kilpatrick. 

The  following  discharge  measurements  were  made  during  1902: 

April  24:  Gage  height,  4.20  feet;  discharge,  598  second-feet. 
August  14:  Gage  height,  2.70  feet;  discharge,  213  second-feet. 
November  21:  Gage  height,  2.75  feet;  discharge,  213  eecond-feet 
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Daily  gage  heighty  in  feet,  of  NoUely  River  at  Ranger,  N.  C. 


Day. 


Jan. 


1902. 
1 

5.50 

2.  . 

5.00 

3 

4 

5.00 
4.60 

5 

4.80 

6 

4.40 

7 

4.40 

8 

9 

4.40 
4.40 



10 

4.90 

11 

4.20 

12 

4.20 

13 

4.00 

14 

3.80 

16 

3.40 

16 

8.40 

17 

a.  20 

18   

3.00 

19 

4.00 

«ao             

4.00 

21.... 

4.00 

■22            

4.00 

23 

8.80 

24 

8.80 

25        

3.80 

26      

8.80 

27 

2ft 

4.00 
4.40 

29 

30 

31 

4.50 
5.00 
6.30 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

7.00 

9.00 

5.00 

4.10 

8.40 

3.00 

2.80 

2.60 

2.90 

2.30 

3.30 

7.00 

7.20 

5.00 

4.00 

3.30 

2.90 

2.80 

2.60 

2.90 

2.60 

8.50 

9.10 

6.10 

5.00 

4.00 

8.30 

2.90 

3.00 

3.00 

2.70 

2.60 

6.20 

7.80 

COO 

5.00 

4.00 

8.20 

2.80 

2.80     3.30 

2.70 

2.60 

4.30 

5.50 

6.30 

5.10 

4.00 

3.20 

2.80 

2.80 

2.80 

2.70 

2.50 

4.40 

5.00 

5.80 

5.00 

4.00 

3.20 

2.80 

2.80 

2.60 

2.60 

2.50 

4.30 

4.90 

5.40 

4.80 

4.00 

3.10 

2.80 

2.60 

2.60 

2.60 

4.00 

4.30 

4.90 

5.30 

4.20 

3.70 

3.80 

2.80 

2.60 

2,50 

2.50 

4.00 

3.00 

4.50 

5.20 

5.00 

3.70 

3.60 

2.70 

2.60     2.70 

2.80 

2.80 

3.00 

4.80 

5.10 

5.00  1  3.70 

8.30 

8.00 

2.60 

2.90 

2.70 

2.80 

3.80 

4.20 

5.10 

5.00 

3.70 

3.20 

3.00 

8.80 

2.60 

3.00 

2.70 

8.50 

4.10 

5.00 

4.80 

3.60 

8.10 

8.70 

8.60 

2.60 

2.70 

2.70 

3.40 

4.00 

6.20 

4.40 

3.60 

8.10 

4.40 

2.60 

3.40 

2.90 

2.70 

3.40 

4.00 

5.00 

4.40 

4.70 

3.10 

3.60 

2.60 

3.00 

3.30 

2.50 

3.30 

4.00 

5.00 

4.40 

4.60 

3.10 

4.80 

2.60 

2.80 

8.50 

2.50 

3.30 

4.10 

6.20 

4.40 

3.80 

3.00 

4.30 

2.60 

2.80 

8.00 

2.60 

5.40 

4.00 

5.20 

4.60 

3.70 

8.00 

4.00 

2.60 

2.70 

2.90 

2.40 

4.60 

4.00 

5.80 

4.50 

3.70 

3.00 

3.00 

2.60 

2.70 

2.70 

3.70 

4.60 

4.00 

5.60 

4.40 

3.70     3.00 

3.00 

2.60 

3.30 

2.90 

3.20 

8.80 

4.00 

5.00 

4.20 

3.60     3.00 

) 

3.00 

2.60 

3.00 

2.80 

8.00 

3.70 

4.10 

5.00 

4.00 

3.60 

3.80 

2.80 

2.40 

3.00 

2.80 

2.90 

5.40 

5.00 

4.90 

4.10 

3.50 

3.10 

2.80 

2.40 

2.80 

2.70 

2.80 

5.20 

4.50 

4.80 

4.10 

3.40 

3.00 

2.80 

2.40 

2.60 

2.70 

2.80 

4.40 

4.40 

4.70 

4.10 

8.30 

8.00 

2.80 

2.60 

2.60 

2.70 

2.70 

3.80 

4.80 

4.60 

4.10 

3.30 

8.00 

2.70 

2.50 

2.90 

2.60 

5.30 

8.60 

4.60 

4.60 

4.00 

3.30 

3.60 

2.70 

2.70 

2.70 

2.50 

4.40 

8.50 

4.80 

4.70 

4.00 

8.30     3.60 

2.70 

8.00 

2.  CO 

2.50 

3.70 

3.60 

21.00 

4.70  ,  4.00 

3.30 

3.00 

2.70 

2.80 

3.10 

2.50 

3.10 

3.40 

18.80 

4.20 

3.40 

3.00 

2.80 

2.80 

3.  CO 

2.40 

3.00 

5.20 

-••••« 

6.80 

4.30 

8.40  ,  3.00 

2.80 

2.70 

8.00 

2.40 

3.00 

5.00 

'    5.20 

3.40 

LM^ 

2.70 



2.30 

...... 

3.40 

Rating  table  far  NoUely  River  at  Ranger,  N.  C,  for  J 90^. 


Qwkge 
leiglit. 

DiM'hargo. 

rert. 

Second-Jed. 

2.4 

155 

2.H 

190 

2.8 

229 

8.0 

272 

8.2 

322 

3.4 

380 

3.6 

440 

3.8 

500 

4.0 

560 

4.2 

620 

4.4 

680 

4.6 

740 

4.8 

800 

5.0 

860 

Gage 
height. 


5.2 
5.4 
5.6 
5.8 
6.0 
6.2 
6.4 
6.6 
6.8 
7.0 
7.2 
7.4 
7.6 
7.8 


l)lH<.harge.       ^^X-   '  ^^^^^^^-       hei^'t. 


Second-feet. 
920 
980 
1,040 
1,100 
1,160 
1,220 
1,280 
1,340 
1,400 
1,460 
1,520 
1,580 
1,640 
1,700 


Feet. 

8.0 

8.2 

8.4 

8.6 

4^.8 

9.0 

9.2 

9.4 

9.6 

9.8 

10.0 

10.5 

11.0 

11.5 


Second-feet. 
1,760 
1,820 
1,880 
1,940 
2,000 
2,060 
2,120 
2,180 
2,240 
2,300 
2,:^60 
2,510 
2.660 
2,910 


Feet. 
12.0 
12.5 
13.0 
13.  5 
14.0 
14.5 
15.0 
15.5 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 


DuK'harge. 

Second-feet. 
2,960 
3, 110 
3,260 
3, 410 
3, 560 
3, 710 
3,860' 
4,010 
4,160 
4,460 
4,760 
5,060 
5,360 
5,660 


m 


StilEAM  Mi:A8ttB£:H£KtS  t^   190^,  PART  li. 


[no.  8S. 


Estimated  monthly  discharge  of  Nottely  River  at  Ranger,  N.  C. 

[Drainage  area,  272  sqiiltre  miles.] 


Month. 


1902. 
January 

Febniar>'^ 

Mart!h 

April 

May 

June 

July 

August 

September 

October ,... 

November 

December 

The  year 


Discharge  in  second-feet. 

Maximum. 

Minimum. 

Mean. 

1,250 

272 

631 

5,660 

560 

1,006 

3,500 

740 

1,095 

890 

660 

711 

770 

350 

475 

500 

272 

322 

800 

209 

307 

500 

155 

219 

380 

172 

237 

410 

148 

221 

950 

148 

295 

1,220 

272 

576 

5,660 

148 

850 

Second- 
feet  per 
square 
mile. 


2.32 
3.70 
4.03 
2.61 
1.75 
1.18 
1.13 
.81 

•«-: 

.81  1 
1.08  1 
2.12  ' 


1.87 


off. 

Depth  In 
inches. 

2.67 

3.  Sty 

4.64 

2.91 

2.02 

1.32 

1.90 

.as 

.97 

.93 

1.20 

2.44 

25.18 


HIWASSEE   RIVER  AT  MURPHY,  N.  C. 

Hiwassee  River  rises  in  the  northern  part  of  Georgia  and  flows 
through  the  southwestern  corner  of  North  Carolina  into  Tennessee, 
where  it  empties  into  Tennessee  River.  The  drainage  basin  is  broken 
and  mountainous  for  the  most  part  and  well  covered  with  forest. 
The  station  is  located  at  the  highway  bridge  crossing  the  river  at 
Murphy,  N.  C,  one-half  mile  above  Valley  River,  and  was  established 
by  E.  W.  Myers  on  July  26,  1896.  The  length  of  the  gage  is  29. 10 
feet.  The  section  is  a  fairly^  good  one.  The  course  of  the  stream  is 
straight  for  .several  hundred  yards  above  and  below  the  bridge,  and 
the  current  fairly  rapid.  The  bottom  is  hard  and  rocky  and  not 
subject  to  any  decided  change.  The  observer  is  William  Mingus, 
Murphy,  N.  C 

Discharge  measurements  of  Hiwassee  River  at  Murphy,  N*  C, 


Date. 


1902. 

August  12 

August  23 

September  18 

Do 

October  24 

Do 


Hydrographer. 


B.  S.  Drane  . 

do 

do 

E.  W,  Myers 
B.  S.  Drane  . 
do 


Ga^e  height.]  Diflchargt^ 


fixt. 
4.80 
4.80 
4.80 
4.80 
4.87 
4.90 


Second-feet. 
213 
186 
198 
216 
260 
271 


LL.] 
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Daily  gage  keigfUf  in  feet,  of  Uiwaisee  River  Ok  Murphy ,  N.  C. 


Day. 


Jan. 


1 

1902. 

6.95 

*> 

6.60 

3 

6.15 

4 

6  30 

5 

6.15 

6 

6.10 

7 

6.00 

8 

5.95 

9 

5.90 

10 

5.85 

11 

5.85 

12 

5.80 

13        .                   

5. 75 

14                           

5.70 

15 

5.70 

16 

5.70 

17 

5.65 

18 

5.65 

19 

5.90 

20 

5.70 

21 -- 

5.65 

22 

1£J 

• 

6.75 
5.65 

24 

25 

2S        

5.&5 
5.60 
5.60 

27 

2H         

5.65 
5.95 

29 

30 

31 

6.G5 
6.10 
7.20 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

4.90 

4.75 

6.25 

4.90 

5.66 

4.90 

4.80 

5.16 

4.90 

5.50 

5.20 

4.80 

6.05 

4.90 

6.65 

4.95 

6.15 

6.00 

4.90 

5.96 

4.90 

4.95 

5.06 

4.90 

5.50 

4.85 

4.&') 

5.10 

6.90 

6.66 

4.85 

4.80 

6.00 

5.20 

6.60 

4.85 

4.80 

5.00 

5.10 

5.45 

4.80 

4.80 

5.00 

6.00 

6.40 

4.80 

5.35 

4.95 

5.06 

6.35 

4.85 

4.95 

6.00 

5.00 

6.35 

4.80 

4.90 

5.45 

6.00 

6.30 

4.80 

5.05 

5.16 

5.00 

5.35 

4.80 

5.05 

5.45 

5.00 

5.25 

4.85 

4.90 

5.15 

4.96 

5.26 

4.80 

4.90 

6.10 

4.95 

5.76 

4.85 

4.85 

5.05 

6.00 

6.15 

4.80 

4.85 

5.00 

5.60 

5.90 

4.80 

4.95 

4.95 

5.15 

5.65 

4.80 

5.85 

4.95 

5.05 

5.60 

4.80 

5.a5 

4.95 

5.05 

5.80 

4.75 

5.00 

4.95 

5.00 

6.30 

4,75 

4.95 

4.95 

5.05 

5.90 

4.75 

4.90 

4.95 

6.00 

5.76 

4.75 

5.46 

4.90 

5.50 

6.70 

4.75 

5.15 

4.90 

6.00 

6.60 

4.85 

5.36 

4.95 

6.70 

5.40 

4.95 

5.45 

4.95 

6.50 

5.46 

4.90 

5.15 

4.90 

6.40 

6.40 

4.85 

6.05 

4.90 

5.40 

6.75 

4.90 

4.90 

5.60 

Rating  table  far  Hiivasnee  River  at  Murphy^  N.'  C,  for  190;i. 


beiffht. 

DIiK^harge. 
Sectmd-feet. 

'     Gage 
,    height. 

1      Feet. 

Discharge.  ^ 
Second-feet. 

Gage 
height. 

hYet. 

Discharge. 
Second-feet. 

1 

1     Gage 

;    height. 

Discharge. 
Second-feet. 

FteL 

'      fy^et. 

4.3 

100 

6.2 

1,560 

8.5 

5,700 

13.5 

14,700 

4.4 

110 

1       6.4 

1,920 

9.0 

6,600 

14.0 

15,600 

4.6 

150 

6.6 

2,280     ' 

9.5 

7,500 

!     14.5 

1 

16,500 

4.8 

205 

i       6.8 

2,640     ! 

10.0 

8,400 

15.0 

17, 400 

5.0 

325 

7.0 

3,000 

10.5 

9,300 

15.5 

18, 300 

5.2 

450 

7.2 

3,360 

11.0 

10,200 

16.0 

19,200 

5.4 

590 

7.4 

3,720 

11.5 

11,100 

16.5 

20,100 

5.6 

750 

7.6 

4,080 

12.0 

12,000 

17.0 

21,000 

5.8 

940 

7.8 

4, 440  • 

12.5 

12,900 

'     18. 0 

22,800 

6.0 

1,200 

8.0 

4,800 

13.0 

13,800 

19.0 

24,600 
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STB£AM   MEASUREMENTS   IK   1902,  PABT  II. 


[no.  83. 


Estimated  monthly  discharge  of  Hiwassee  River  aJt  Murphy,  N.  C, 

[Drainage  area,  410  square  miles.] 


January . . 
February  . 

March 

April , 

May 

June 

July 

August 

September. 
October  . , 
November , 
Deceinbt^r 


Month. 


1902. 


The  year 


Diachaiige  in  second-feet. 


Maximum. 

1 

1 
Minimum.  | 

1 

3,360 

750 

15,  870 

892 

10, 020 

1,290 

2,370 

845 

940 

485 

710 

100 

670 

265 

450 

190 

555 

190 

485 

265 

1,200 

265 

2,370 

520 

15,  870 

100 

Mean. 


1,203 

2,259 

2,582 

1,331 

677 

556 

363 

232 

336 

347 

450 

834 

931 


Run-oif. 


Second- 
feet  per 
square 
mile. 


Depth  in 
inches. 


3.38 

5.74 

7.26 

3.63 

1.90 

1.52 

1.03 

.66 

.91 

.98 

1.23 

2.^ 


30.58 


LITTLE   TENNESSEE   RIVER  AT  JUD80N,  N.  C. 

This  river  rises  in  northern  Georgia,  with  tributaries  from  the 
mountains  between  North  Carolina  and  Georgia,  and  flows  in  a  north- 
wcsterU'  direction,  emptying  into  Tennessee  River  at  Lenoir,  Tenn. 
Measurements  of  flow  are  made  at  Judson,  N.  C,  below  the  mouth  of 
Sawyer  Branch.  The  area  drained  is  mountainous  and  covered  with 
forest  growth.  The  station  was  established  by  E.  W.  Myers  in  June, 
1896.  It  is  located  on  the  Southern  Railway  bridge,  about  one-fourth 
of  a  mile  from  Judson,  N.  C.  The  river  is  straight  for  several  hun- 
dred yards  above  and  below  the  station;  the  bottom  rocky  and  very 
rough  on  the  west  side  and  sandy  on  the  east  side.  The  current  is 
swift  and  considerably  obstructed  by  two  old  piers.  The  section  is 
constant,  but  not  a  good  one  for  measurements.  The  observer  is  R.  C. 
Sawyer,  a  farmer  at  Judson,  N.  C. 

The  following  discharge  measurements  were  made  during  1902  by 
B.  S.  Drane: 

August  11:  Gage  height,  2.50  feet;  discharge,  686  second-feet. 
August  22:  Gage  height,  2.50  feet;  discharge,  471  second-feet. 
October  25:  Gage  height,  2.62  feet;  discharge,  7.36  second-feet 


Kewell.] 
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DaUy  gage  heigJUy  in  feet,  of  Little  Tennessee  River  at  Judson^  N.  C. 


1. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12, 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Day. 


1902. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

'Dec. 

8.41 

6.72 

7.29 

4.92 

3.24 

3.20 

2.91 

2.71 

2.51 

3.00 

2.61 

■ 
8.35 

6.51 

5.38 

5.32 

4.84 

4.61 

3.41 

2.91 

2.71 

2.41 

2.91 

2.71 

3.32 

6.34 

4.92 

4.96 

4.34 

3.22 

3.31 

3.00 

2.71 

2.41 

2.81 

2.61 

4.90 

5.28 

4.92 

4.94 

4.31 

3.18 

3.10 

2.81 

2.61 

2.91 

2.71 

2.51 

3.15 

4.49 

4.91 

4.81 

4.23 

3.10 

3.08 

3.81 

2.61 

2.71 

2.91 

2.61 

3.10 

4.48 

4.86 

4.81 

4.21 

4.26 

3.05 

2.81 

2.51 

2.61 

2.91 

4.71 

3.74 

4.48 

4.42 

4.78 

4.19 

3.92 

3.10 

2.81 

2.61 

2.51 

2.81 

3.41 

3.45 

4.46 

4.60 

5.21 

4.19 

3.17 

3.31 

2. 81 

2.61 

2.51 

2.71 

3.00 

3.41 

4.52 

4.60 

4.19 

4.12 

2.94 

3.10 

3.00 

2.61     2.81 

2.71 

2.91 

3.36 

4.51 

4.60 

4.12     4.90 

2.91 

3.05 

3.00 

2.61 

2.51 

2.61 

2.81 

3.26 

4.48 

4.20 

4.13     4.90 

2.93     3.04 

3.10 

2.51     2.71 

2.71 

2.81 

3.20 

4.42 

4.20 

4.13 

4.60 

2.91 

3.08 

3.51 

2.51     2.61 

3.41 

2.81 

3.35 

4.39 

4.10 

4.10     4.80 

3.61 

3.00 

3.31 

2.41     2.61 

3.00 

2.81 

3.30 

4.32 

3.98 

4.10     4.70 

3.71 

3.20 

2.91 

2.51 

3.10 

3.10 

2.71 

3.25 

4.28 

3.96 

4.12 

4.60 

3.61 

3.20 

3.91 

2.51 

2.71 

2.91 

2.71 

3.15 

4.24 

4.21 

5.39     4.30 

3.51     3.20 

2.81 

2.71 

2.61 

2.81 

2.70 

3.25 

4.22 

4.28 

4.72  ;  4.28 

3.51     3.10 

2.71 

2.71 

2.51 

2.81 

2.76 

4.60 

3.91 

4.27 
4.22 

4.68 
4.22 

4.92 
4.61 

3. 51     *>  91 

2.71 
2.81 

2.51 
2.51 

2.51 
2.91 

2.71 
2.71 

2.70 
2.70 

4.00 

3.92 

3.41 

3.00 

3.85 

3.96 

3.93 

4.15 

6.20 

3.41 

3.01 

3.10 

2.41 

3.31 

2.71 

2.80 

3.71 

4.61 

3.93 

3.96 

4.42 

3.41   4^.31 

2.91 

2.41 

3.00 

2.71 

2.80 

3.76 

3.68 

3.91 

3.91 

4.19 

3.61 

3.20 

2.70 

2.61 

2.91 

2.61 

2.75 

4.70 

3.62 

3.86 

3.82 

4.30 

3.41     3.00 

2.71 

2.51 

2.71 

2.61 

2.86 

4.10 

3.53 

4.17 

3.82 

3.96 

3.31     2.91 

2.61 

2.61 

2.71 

2.61 

2.70 

3.95 

4.21 

4.16 

3.68 

8.91 

3.31  '  2.91 

2.61 

2.41 

4.10 

2.61 

3.55 

3.76 

4.19 

4.19 

3.67 

3.68 

3.31 

3.10 

2.61 

2.51     3.71 

2.71 

4.30 

3.65 

4.16 

5.22 

3.54 

3.51 

3.21     3.20 

2.71 

2.71 

3.31 

2.61 

3.35 

3.27 

5.91 

16.19 

4.91     3.10 

3.21     3.00 

2.61 

2.61     3.20 

2.71 

3.31 

3.25 

5.84 

9.32 

3.10 

3.21     3.10 

2.71 

2.61 

3.40 

2.61     3.30 

3.50 

4.36 

....... 

6.28 

2.98 

3.20 

3.00 

2.71 

2.51     8.30 

2.61 

3.20 

4.00 

4.33 

5.49 

3.20 

2.61 

2.61 

2.61 

3.61 

Riding  table  for  Little  Tetmesxce  River  at  JuiUon^  X.  t\,for  190;^. 


Gage 
height. 

Discharge.  , 

Gage 
height. 

Discharge. 
Secmul-feet. 

Gage 
height. 

Discharge. 
Second-Jed. 

Gage 
height. 

1 

Feet. 

DiM'harge. 

SccoTwlr/ed. 

-ftrt. 

Second-feet,  i 

!      Fed. 

2.5 

575     1 

1       8. 6 

1,8(50 

4.8 

1 

8,  980 

6.0 

6, 580 

2.6 

675 

3.8 

2,140 

5.0 

4,380 

6.2 

7,070 

2.8 

875     ' 

'       4.0 

2,460 

5.2 

4,820 

1       6.4 

7,560 

3.0 

1,100 

4.2 

2,800 

5.4 

5, 260 

6.6 

8, 050 

3.2 

1,340 

4.4 

3,180 

5.6 

5,700 

6.8 

1 

8,540 

3.4 

1,680 

4.6 

3,580 

5.8 

6,140 

7.0 

9,030 

^18 
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Edtmated  monthly  discharge  of  Little  Tennessee  River  at  Judsoriy  N.  C. 

[Drainage  area,  675  square  milefi.] 


Month. 


January  . . 
February  . 

March 

April 

May 

June 

July 

August  . . . 
September" 
October  _. 
November 
December 


1902. 


Di8chan?o  in  necond-feet . 


Maximum. 


Minimum. 


Mean. 


Ruo-off. 


Second- 
feet  per 
square 
mile. 


The  year 


13,800 

50,460 

17,560 

4,820 

3, 580 

2,140 

2,300 

775 

2,620 

1,580 

3,780 

4,180 

50, 460 


1,790 

2,220 

1,790 

1,100 

975 

975 

675 

475 

475 

675 

575 

1,220 


475 


3,827 

5,036 

4,079 

3, 032 

1,592 

1,  319 

1,010 

627 

964 

846 

1, 128 

1,939 

2,117 


5.67 
7.46 
6.04 
4.49 
2.36 
1.95 


Depth  in 
inehefi. 


1.50 

.93 

1.43 

1.25 

1.67 

2.87 

3.14 

6.54 
7.  77 
6.96 
5.01 


2.72 


2.18 
1.73 
1.07 
1.60 
1.44 
1.86 
3.  31 


42.19 


TUCKASEGEE   RIVER   AT   BRYSON,  N.  (\ 

This  river  rises  in  the  southwestern  part  of  North  Carolina,  at  the 
base  of  Tennessee  Ridge,  which  separates  Jackson  and  Ti^ansylvania 
counties.  It  flows  in  a  northwesterly  direction,  emptying  into  Little 
Tennessee  River  at  Bushnell,  N.  C.  Measurements  of  discharge  are 
made  at  Bryson,  2  miles  below  the  mouth  of  Newton  Mill  Creek. 
The  drainage  area  is  largely  rough  and  mountainous,  and  covered  with 
forest  growth.  The  old  station,  described  in  the  Eighteenth  Annual 
Report,  part  4,  page  116,  was  on  the  Southern  ^ilwa}^  bridge  about 
3  miles  above  Bryson,  N.  C,  and  just  below  Governor  Island  post- 
office,  and  was  abandoned  March  25, 1897,  because  the  section  was  poor. 
A  new  station  was  established  by  A.  P.  Davis  November  7,  1897,  at 
the  highwa}^  bridge  in  the  town  of  Bryson,  N.  C.  The  gage  is  bolted 
to  the  north  pier,  lower  side,  and  can  be  read  from  the  bridge.  The 
initial  point  of  sounding  is  at  the  south  end  of  the  downstream  hand 
rail.  The  channel  is  straight,  but  obstructed  by  the  remnants  of  two 
old  piers.  The  current  is  sluggish,  the  river  bed  muddy  and  fairly 
constant.     The  observer  is  H.  H.  Welch,  a  carpenter  at  Bryson,  N.  C 

The  following  discharge  measurements  were  made  during  1902  by 

B.  S.  Drane: 

August  11:  Gage  height,  1.05  feet;  discharge,  466  second-feet. 
August  22:  Gage  height,  1  foot;  discharge,  465  second-feet. 
September  17:  Gage  height,  1  foot;  discharge,  520  second-feet 
October  23:  Gage  height,  1.15  feet;  discharge,  546  second-feet 


NJewsu..] 
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Daily  gage  height,  in  feet,  of  Tuckasegee  River  at  Bryson,  N.  C. 


Day. 


1902. 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 


Jan. 


3.30 
8.00 
2.80 
2.60 
2.40 
2.40 
2.90 
2.25 
2.20 
2.10 
2.05 
2.00 
1.90 
2.00 
1.90 
1.90 
1.80 
1.80 
1.80 
1.80 
1.90 
1.80 
1.76 
1.70 
1.65 
1.80 
2.40 
2.30 
2.40 
3.20 
3.80 


Feb. 


3.95 
4.10 
8.20 
2.90 
2.50 
250 
2.40 
2.30 
2.10 
2.00 
1.90 
2.00 
1.90 
1.40 
2.00 
2.00 
1.90 
1.80 
1.80 
2.00 
2.20 
2.15 
2.00 
2.00 
2.30 
2.10 
3.00 
9.90 


Mar. 


4.90 
4.00 
3.50 
3.20 
3.10 
3.10 
2.90 
8.30 
3.00 
2.90 
2.80 
2.80 
3.20 
2.80 
2.70 
5.25 
3.65 
3.00 
2.90 
2.75 
2.70 
2.60 
2.50 
2.40 
2.40 
2.30 
2.30 
4.50 
6.25 
3.90 
3.40 


May. 


3.10 

2.80 
2.70 
2.60 
2,50 
2.90 
2.70 
2.50 
2.40 
2.40 
2.36 
2.30 
2.25 
2.20 
2.20 
2.36 
2.20 
2.20 
2.20 
2.15 
2.10 
2.00 
2.00 
2.00 
2.00 
1.95 
1.90 
2.10 
2.10 


Aug. 


2.20 

1.90 

2.10 

1.60 

1.90 

1.56 

1.90 

1.50 

1.90 

1.60 

1.90 

1.46 

1.90 

1.50 

1.85 

1.50 

1.80 

1.50 

1.76 

1.40 

1.76 

1.40 

1.75 

1.35 

1.75 

1.40 

1.80 

1.40 

1.75 

1.40 

1.70 

1.60 

1.75 

1.50 

1.70 

1.40 

2.00 

1.40 

1.80 

1.40 

1.80 

1.80 

1.80 

1.45 

1.90 

1.40 

1.75 

1.35 

2.00 

1.30 

1.75 

1.60 

1.70 

1.80 

1.65 

1.50 

1.60 

1.50 

1.60 

1.70 

1.60 

1.50 
1.40 
1.35 
1.30 
1.40 
1.50 
1.40 
1.30 
1.60 
1.50 
1.40 
1.76 
1.40 
1.30 
1.40 
1.30 
1.25 
1.20 
1.30 
1.30 
1.26 
1.20 
1.20 
1.20 
1.10 
1.10 
1.10 
1.20 
1.20 
1.20 
1.10 


1.10 
1.05 
1.20 
1.10 
1.10 
1.40 
1.15 
1.10 
1.05 
1.05 
1.00 
1.00 
1.00 
1.00 
1.00 
1.20 
1.00 
1.00 
1.10 
1.00 
1.00 
1.00 
1.00 
.95 
.90 
1.10 
1.15 
1.10 
1.10 
1.10 
1.10 


Sept. 


Oct. 


0.95 
0.95 
1.35 
1.20 
1.10 
1.10 
1.00 
1.00 
2.70 
1.70 
1.20 
1.10 
1.50 
1.20 
1.10 
1.10 
1.00 
1.00 
4.00 
2.00 
1.80 
1.20 
1.20 
1.40 
2.10 
1.70 
1.60 
1.40 
1.30 
1.40 


1.50 
1.30 
1.25 
1.30 
1.35 
1.30 
1.25 
1.20 
1.20 
1.10 
1.30 
1.30 
1.30 
1.75 
1.30 
1.30 
1.25 
1.20 
1.20 
1.20 
1.16 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 


Nov. 


1.10 
1.10 
1.10 
1.10 
1.20 
2.50 
1.50 
1.40 
1.30 
1.25 
1.20 
1.20 
1.20 
1. 15 
1.15 
1.10 
1.20 
1.50 
1.30 
1.20 
1.20 
1.20 
1.15 
1.15 
3.45 
2.10 
1.80 
1.60 
1.40 
1.60 


Dec. 


1.80 
1.60 
2.80 
2.20 
2.20 
1.90 
1.80 
1.70 
1.60 
1.60 
1.50 
1.50 
1.50 
1.50 
4.00 
2.10 
2.00 
1.90 
1.80 
1.70 
3.70 
2.30 
2.10 
1.90 
1.80 
1.70 
1.60 
1.80 
1.80 
1.80 
1.60 


Haling  table  for  Tuckasegee  River  at  Bryson,  iV.  (\yfor  190^. 


Gaffe 
heiibt. 

DifKiharge. 
Second-feet. 

'   hei^t. 

Discharge. 
Second-Jeet. 

1 

Gage 
height. 

Discharge. 
Second-fert. 

1 

Gage 
height. 

Feet. 

Discharge. 
,'<ecfmd-/eet. 

F^xi. 

Feet. 

1.0 

400 

1       3.2 

4,110 

5.4 

10,  250 

7.6 

22, 480 

1.2 

600 

3.4 

1 

4,565 

5.6 

11,125 

7.8 

23,640 

1.4 

830 

3.6 

5, 035 

5.8 

12,100 

8.0 

24,800 

1.6 

1,080 

3.8 

5, 515 

6.0 

13,200 

8.5 

27,700 

1.8 

1,370 

4.0 

6,000 

6.2 

14,360 

9.0 

30,600 

2.0 

1,700 

1      4.2 

6,510 

6.4 

15, 520 

9.5 

33,500 

2.2 

2,065 

4.4 

7,060 

6.6 

16, 680 

10.0 

36,400 

2.4 

2,460 

4.6 

7,640 

6.8 

17,840 

10.5 

39,;wo 

2.6 

2,850 

4.8 

8,220 

!       7.0 

19,000 

11.0 

42,  200 

2.8 

3,260 

5.0 

8,800 

7.2 

20,160 

3.0 

3,675 

5.2 

9,475 

7.4 

21,320 
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STREAM    MKASUREMENT8   IlT    190^,  tART   ll. 


{no.  83. 


Estimated  monthly  discharge  of  Tuckasegee  River  at  Bryson^  N,  C\ 

[Draina^re  area,  662  square  miles.] 


Month. 


1902. 

January 

February 

March 

April 

May 

June 

July 

August 

Septenil)er 

October 

Novemt)er 

December 

The  year 


DUichaiise  In  second-feet. 


Rnn-off. 


Maximum. 


5, 515 

;«,  820 

14,  650 

8,890 

2,065 

1,580 

1,295 

880 

6,000 

1,295 

4,682 

6,000 


35,820 


Minimum. 


1, 150 

8:^ 

2,  255 
1,5W 
1,080 
710 
500 
800 
850 
500 
500 
950 


Mean. 


,  Second - 

feet  per  i  Depth  in 

square  I    inebe!(. 

mile.  I 


:soo 


2, 173  ! 
8,547  I 
4,467  j 
2,341  ! 
1,395  ! 
962  I 

7:« 

469  I 

1,004 

636 

929 

1,723 


3.28  1 
5.36  i 
6.75  ■ 
3.54 
2.11 
1.4,5 
1.11  , 

.71 ; 

1.52  I 

I 

.96  t 
1.40  1 
2.60  ' 


8.  78 
5.58 

4.   ih 

3.95 
2. 43 
1.62 
1.28 
.82 
1.70 
1.11 
1.56 
3.00 


1,699 


2.57 


34.61 


TENNESSEE   RIVER   AT   KNOXVILLE,  TENN. 

This  station  was  originally  established  by  the  United  States  Weather 
Bureau  at  the  old  county  highway  bridge,  which  has  been  torn  down 
and  replac^ed  by  a  new  bridge.  Instead  of  placing  the  gage  at  the 
new  bridge,  it  was  decided  to  move  it  down  the  river,  in  order  to  get 
below  some  shoals  and  wing  dams  which  have  been  put  in  for  boating. 
A  temporary  gage  was  put  in  at  the  Knoxville  and  Augusta  Railroad 
bridge,  a  half  mile  below  the  highway  bridge,  and  was  used  during 
the  greater  part  of  the  year  1S\H).  In  the  latter  part  of  that  ye4ir  a 
new  permanent  gage  was  established,  and  readings  from  it  began  on 
November  1,  18iK).  The  new  gage  is  on  the  right  l>ank  of  the  river, 
just  ]>elow  the  mouth  of  West  Knoxville  Bayou,  and  about  1,000  feet 
below  the  temporaiy  gage  at  the  Knoxville  ^nd  Augusta  Railroad 
bridge.  The  gage,  which  is  graduated  to  feet  and  tenths,  is  in  tw^o 
sections;  the  first,  a  sloping  section  made  of  a  2  by  4  inch  pine  timber 
spiked  on  top  of  an  8  by  8  inch  oak  sill  well  bolted  to  pile^  and 
embedded  in  crushed  stone,  reading  from  —2  feet  to  +12  feet;  the  sec- 
ond, a  vertical  section  of  the  standard  Weather  Bureau  pattern,  with  a 
brass  scale,  is  screwed  to  one  of  the  bents  of  the  railroad  trestle  across 
West  Knoxville  Bayou,  about  50  feet  from  the  bank  of  the  river  and 
from  the  sloping  gage,  reading  from  12  to  36.5  feet.  The  gage  is  fas- 
tened to  the  upstream  post  of  the  bent,  facing  away  from  the  river.  The 
zero  of  the  gage  is  804.3  feet  above  sea  level.     The  bench  mark  is  a 
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cross  in  the  stone  on  the  east  corner  of  the  base  to  the  right-bank  pier 
of  the  Knoxville  and  Augusta  Railroad  bridge,  and  is  806.7  feet  above 
sea  level  and  2.4  feet  above  the  zero  of  the  gage.  The  gage  was 
located  for  the  United  States  Weather  Bureau  by  the  United  States 
Engineer  Coi-ps.  Daily  re<^ords  are  kept  by  the  United  States  Weather 
Bureau  and  are  furnished  to  the  Geological  Survey.  Measurements 
are  made  at  the  Cherokee  highway  bridge  2  miles  below  the  new  gage. 
This  bridge  is  a  three-span  iron  structure  and  is  about  80  feet  above 
low  water.  The  width  of  the  river  at  low  water  is  550  feet.  The  sec- 
tion is  a  good  one,  but  the  current  is  rather  sluggish  at  low  water. 

Professor  Fulton,  of  the  Tennessee  University,  who  is  Weather 
Bureau  official  here,  has  perfected  an  attachment  which  is  connected 
with  his  office  by  wire  and  electrically  records  the  height  of  water 
continuously  in  the  same  manner  that  records  are  made  of  wind,  sun- 
shine, etc. 

The  following  discharge  measurements  were  made  during  1902: 

August  13:  Gage  height,  0.69  foot;  discharge,  4,710  necond-feet. 
November  18:  Gage  height,  0.58  foot;  discharge,  4,552  second-feet. 

Daily  gage  heigJitj  in  feet,  of  Teimesnee  River  at  KnoxvUUy  Term. 


Day. 

Jan. 

19.00 
11.40 
8.70 
7.40 
6.40 
5.60 

Feb. 

Mar. 

»i.40 

33.10 

17.10 

11.30 

11.80 

11.20 

10.80 

8.30 

8.10 

7.80 

7.40 

6.90 

6.50 

6.10 

5.80 

6.00 

9.30 

10.60 

8.70 

7.00 

6.10 

5.60 

5.10 

4.80 

4.50 

4.20 

4.00 

3.90 

10.00 

18.50 

15.80 

Apr. 

May. 

June. 

1.80 
1.80 
1.70 
1.80 
1.60 
1.50 
1.40 
1.50 
1.60 
2.20 
2.10 
l.SO 
1.60 
1.40 
1.60 
1.70 
1.80 
3.30 
3.60 
3.40 
2.40 
2.20 
2.40 
2.00 
1.70 
1.50 
1.90 
b.60 
9.80 
8.60 

July. 

8.00 
6.70 
4.90 
3.60 
2.80 
2.40 
2.10 
2.10 
1.90 
1.80 
2.10 
3.30 
3.60 
2.50 
2.40 
2.00 
2.10 
1.60 
1.40 
1.30 
1.20 
1.20 
1.20 
1.00 
.90 
.80 
.80 
.80 
.90 
.90 
1.20 

Aug. 

1.20 

1.20 

1.80 

1.60 

1.20 

1.00 

1.40 

1.00 

2.20 

1.60 

1.10 

.90 

.80 

.60 

.60 

.80 

1.70 

1.80 

1.80 

.70 

.60 

.70 

.80 

1. 00 

.80 

.(H) 

.50 

.40 

.40 

.40 

.40 

Sept. 

0.40 

.30 

.40 

.50 

.70 

.SO 

.90 

.80 

.70 

.70 

1.40 

1.40 

1.20 

.90 

.80 

.80 

.80 

.70 

.50 

.80 

1.80 

.50 

1.10 

.90 

1.30 

1.10 

1.90 

1.80 

1.60 

1.20 

Oct. 

2.00 

1.60 

1.40 

1.30 

1.00 

.90 

.80 

1.00 

1.00 

.80 

.60 

.70 

.W 

1.60 

1.70 

1.50 

1.30 

1.00 

.90 

.70 

.60 

.60 

.50 

.80 

.30 

.30 

.30 

.30 

.40 

.60 

.80 

Nov. 

Dec. 

1902. 
I 

10.80 
12.20 
11.80 
10.20 
7.90 
6.30 
5.40 
5.00 
4.50 
3.90 
3.60 
3.50 
3.40 
3.20 
3.10 
3.00 
2.90 
2.90 
2.80 
2.60 
2.80 
4.00 
4.70 
4.60 
4.20 
6.70 
9.00 
14.80 

10.80 
7.90 
7.70 
6.10 
5.70 
6.00 
6.90 
5.50 
5.60 
5.40 
5.00 
4.70 
4.50 
4.30 
4.10 
4.00 
3.90 
3.90 
3.90 
3.80 
3.80 
3.90 
3.70 
3.50 
3.30 
3,20 
3.00 
2.80 
2.80 
2.90 

3.10 
3.00 
2.90 
2.60 
2.50 
3.00 
2.70 
2.50 
2.60 
2. 50 
2.30 
2.10 
2.00 
2.00 
2.20 
2.20 
2.30 
2.10 
2.00 
2.30 
3.00 
2.90 
3.10 
2.80 
2.60 
2.40 
3.30 
3.30 
2.80 
2.30 
2.00 

0.80 

.70 

.70 

.40 

.40 

.50 

.50 

.90 

1.00 

.90 

.80 

.70 

.60 

.50 

.50 

.50 

.40 

.50 

.80 

1.10 

1.10 

1.00 

.90 

.80 

1.40 

2.00 

2.(>0 

2.80 

2.30 

1.90 

1.70 

2 

1.50 

3 

2.10 

4 

2.70 

5 

3.40 

6                    

3.10 

7..... .......•>• 

6.10* 

4.70 

4.50 

4.30 

4.00 

8.80 

3.50 

3.20 

3.00 

3.00 

2.90 

2.90 

2.90 

2.80 

3.00 

3.60 

8.80 

3.40 

3.10 

3.00 

3.90 

8.30 

9.30 

8.90 

9.60 

8.30 

8 

2.90 

9       

2.80 

10 

2.00 

11  

1.80 

12 

1.70 

13 

1.60 

14 

1.50 

15 

1.50 

16 

1.70 

17 

2.00 

18 

2.70 

19         

3.10 

20 

2.60 

21     

2.60 

22 

2.80 

23 

2.80 

24 

2.90 

25 : 

2.50 

26             

2.00 

27 

1.90 

28 

1.70 

29 

30 

1.50 
1.40 

81 

1.70 
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STBEAM   MEASUREMENTS   IN   1902,  PART   II. 
Rating  iMtJor  Tentiessee  River  at  Knoxville,  Tenn,^  for  190£. 


[NO. 


Estimated  monthly  discharge  of  Tennef^ee  River  at  KnoxvilU^  Tenn. 

[Drainage  area,  8,990  square  mlleR.] 


Month. 


1902. 
January  

February 

March 

April 

May 

June 

July 

Au(;u8t 

September 

October 

November 

December 

The  year 


Dincharge  in  second-feet. 


Maximum. 


Minimum. 


85,800 

66,270 

157,410 

47, 670 

13, 362 

43, 020 

34,650 

9,320 

8,322 

8,650 

11,450 

13,760 


I 


I 


157, 410 


11,450 

10,720 

15,  818 

11,450 

8,650 

6,760 

5,050 

4,250 

4,100 

4,100 

4,250 

6,760 


Mean. 


4,100 


23,144 

24,500 

43,999 

19,652 

10,620 

10,952 

10,023 

5,818 

5,569 

5,425 

5,763 

9,500 

14,580 


kon-off. 


Second - 

feel  per 

square 

mlie. 


2.57 

2.73 

4.89 

2.19 

1.18 

1.22 

1.11 

.65 

.62 

.60 

.64 

1.06 


Depth  in 
incbea. 


2.96 

2.^ 

5.64 

2.44 

1.36 

1.36 

1.28 

.75 

.69 

.69 

.71 

1.22 


Gage 
height. 

DlMcharge. 
SecondrfeeL 

1   heStit. 

Dificharge. 
Second'/eet. 

Gage 
height. 

Discharge. 
Second-/eet. 

Gage 
height. 

jyisch^rge. 

1 
1 
1 

Feet, 

Feet. 

1 

F\eeL 

Feet. 

SteconA-Jtti.. 

1 

0.0 

3,500 

3.8 

15, 398 

7.6 

32,790 

16.5 

74,175     ; 

.2 

3,900 

4.0 

16,242 

7.8 

33,720 

17.0 

76,500     \ 

•4 

4,250 

4.2 

17,102 

■8.0 

34,650 

17.5 

78,825 

.6 

4,590 

4.4 

17, 978 

8.5 

36, 975 

18.0 

81,150 

.8 

5,050 

4.6 

18, 870 

9.0 

39,300 

18.5 

83,475 

1 

1.0 

5,600 

4.8 

19,  778 

9.5 

41,625 

19.0 

85,800     I 

1.2 

6,170 

1       5.0 

20,700 

'     10.0 

43, 950 

19.5 

88,125     [ 

1.4 

6,760    1 

,      5.2 

21,630 

10.5 

46,275 

20.0 

90,450 

1.6 

7,370    , 

5.4 
'      5.6 

22,560 

,     11.0 

1 

48,600 

21.0 

95,100 

1.8 

8,000 

23, 490 

'     11.5 

50,925 

22.0 

1 

99,750 

2.0 

8,650 

.5.8 

24,420 

'     12.0 

53,250    ; 

23.0 

104,400 

2.2 

9,320 

6.0 

25,350 

12.5 

55,675    1 

24.0 

109,050 

2.4 

10, 010 

6.2 

26,  280 

'    13. 0 

57,900 

25.0 

113,  700 

2.6 

10,  720 

6.4 

27,  210 

'    13.5 

60,225 

26.0 

118,350 

2.8 

11,450 

6.6 

28,140 

14.0 

62,550 

27.0 

123,000 

3.0 

12,200 

6.8 

29,070 

14.6 

64,875 

1    28.0 

127,650 

3.2 

12, 970 

7.0 

30,000 

;     15.0" 

67,200 

29.0 

132,300 

3.4 

13,  760 

7.2 

1 

30,930 

1     15. 5 

69, 525 

30.0 

136,950 

3.6 

14, 570 

7.4 

31,860 

16.0 

71,850 

1     31.0 

141,600 

1.62 


21.94 


NSWELL.] 


TENNESSEE   BIVEB   DRAINAGE   BASIN. 


228 


FRENCH   BROAD  RIVER  AT  OLDTOWN,    NEAR  NEWPORT,    TENN. 

This  was  originally  one  of  the  temporary  stations  established  in  con- 
nection with  the  general  hydrographic  study  of  the  southern  Appa- 
lachian region. 

The  original  gage  put  in  at  this  station  was  carried  away  with  the 
old  bridge  by  flood  early  in  the  spring  of  1902.  The  present  gage  was 
put  in  on  the  new  bridge  October  27,  1902.  A  12-foot  scale,  subdi- 
vided into  feet  and  tenths,  is  marked  with  tacks  on  the  downstream 
guard  rail  on  the  second  span  from  the  southwest  end.  The  zero  of 
the  gage  is  directly  opposite  the  center  of  the  first  intermediate  post, 
second  span  from  the  southwest  end.  From  the  zero  of  the  gage  to 
the  outer  rim  of  the  pulley  is  2.80  feet.  The  length  of  the  wire,  from 
the  end  of  the  weight  to  the  pointer,  is  30.38  feet.  When  the  gage 
reads  1  foot  the  water  surface  is  26.60  feet  below  the  top  of  the  hexa- 
gonal nut  on  the  center  bolt  in  the  lower  chord  of  the  bridge  below 
(and  slightly  downstream  from)  the  zero  of  the  gage. 

The  following  discharge  measurements  were  made  during  1902  by 
B.  S.  Drane: 

September  20:  Gage  height,  3.54  feet;  discharge,  4,581  second-feet. 
October  27:  Gage  height,  1.49  feet;  discharge,  1,128  second-feet. 
November  11:  Gage  height,  1.57  feet;  discharge,  1,299  second-feet. 
December  9:  Gage  height,  2.05  feet;  discharge,  2,459  second-feet. 

Daily  gage  lieighi,  in  feeiy  of  French  Broad  River  at  Oldiown^  Tenn. 


Day. 

Nov. 

1.40 
1.40 
1.40 
1.40 
1.40 
1.60 
1.80 
2.00 
1.20 
1..% 
1..30 

Dec." 

1... 

1902. 

2.10 
2.20 
2.30  ! 
3.20  1 
2.80 
2.60  ' 
2.40 
2.30 
2.20 

2 

3 

\ 

6 

6 

t    .................. 

8 

9 

10 

2.10 

11 

2.00  i 

1 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 


1    "'! 
Nov.  Dec. 

Day. 

Nov. 

1.40 

1.90 
1.90 
1.90 
1.90 
2.00 
3.00 
2.90 
2.30 
2.20 
2.10 
2.20 

1902. 
23 

1.60 

1.50 

24 

1.60 

1  40 

25 

2.00 

1  40 

1 
26 

2.20 

1  50 

27 

2.10 

1.60 

28 

1.90 

1  60 

29 

1.90 

1.90 
1.80 

30 

31 ;.. 

2.00 

1.70 
1.60 

Dec. 


2.50 
2.60 
2.40 
2.20 
2.00 
2.10 
2.00 
1.90 
2.00 


PIGEON   RIVER  AT   NEWPORT,    TENN. 

This  station  was  established  September  4, 1900,  on  the  wagon  bridge 
at  the  upper  end  of  the  town  of  Newport,  about  100  yards  above  the 
railroad  bridge.  The  course  of  the  river  is  straight  for  several  hun- 
dred yards  above  and  for  about  50  yards  below  the  bridge.  The  cur- 
rent at  extreme  low  water  is  verj'^  sluggish.  At  even  the  lowest  gage 
heights  the  water  is  very  deep.  The  bottom  is  smooth,  being  of  rock, 
in  many  places  overlain  with  mud.  The  15-foot  mark  of  the  rod,  or 
the  end,  is  abutted  firmly  against  the  east  side  of  the  first  strut  from 
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the  west  end  of  the  bridge  on  the  downstream  side.  The  distance 
between  the  zero  of  the  rod  and  the  outer  rim  of  the  pulley  wheel  is 
0.95  foot,  and  from  the  end  of  the  weight  to  the  pointer  on  the  wire 
the  distance  is  32.89  feet.  When  the  gage  reading  is  1  foot,  the  water 
level  is  27.42  feet  below  the  top  surface  of  the  lower  chord  du'ectly 
beneath  the  zero  of  the  gage  rod.  The  rod  is  of  hard  pine,  well 
painted,  and  divided  into  feet  and  tenths.  The  drainage  area  is  655 
square  miles.  The  observer  is  H.  M.  Boyer,  proprietor  of  a  livery 
stable  at  Newport.  The  records  at  this  station  have  been  incomplete, 
as  the  gage  has  been  damaged  a  number  of  times  by  high  water  and 
by  malicious  persons.  It  was  finally  reestablished  on  September  19, 
1902,  all  the  measurements  for  the  setting  of  the  gage,  etc.,  being  the 
same  as  before.     Gage  heights  were  not  taken  until  December  14, 1902. 


NOLICUUCKY   RIVER  KEAR   CHUCKY  VALLEY,    TENN. 

This  station  was  established  September  6, 1900,  to  aid  in  the  general 
investigation  of  the  hydrographic  conditions  of  the  southern  Appa- 
lachian region  made  during  the  summer  and  autumn  of  1900,  and  was 
located  on  the  highway  bridge  about  1  mile  above  Chucky  Valley 
post-office. 

The  wire  gage  was  suspended  from  the  upstream  side  of  the  bridge, 
and  the  stage  of  the  water  surface  was  referred  to  a  horizontal  gage 
fastened  to  the  guard  rail  of  the  bridge.  The  initial  point  for  sound- 
ing wjus  the  end  of  the  guard  rail  at  the  left  end  of  the  bridge,  on  the 
do\^nstream  side. 

The  section  presented  at  this  point  was  ver}''  favorable  for  the  mak- 
ing of  accurate  riieasur(^nients  of  discharge,  as  the  course  of  the  river 
was  straight  for  a  long  distance  above  and  below  the  station,  the  bed 
of  the  stream  was  verv  smooth,  the  current  velocitv  neither  excessive 
nor  too  small,  and  the  banks  high  and  not  subject  to  overfow. 

This  station  was  maintained  until  the  great  flood  of  May  1901, 
swept  away  the  bridge,  which  has  not  since  been  replaced. 

Discharge  measuremeiit^  of  Xolichucky  River  near  Chucky  Valley,  Teniu 


Date. 


1900. 

September  5 

September  20 

October  15 

November  10 


1901. 


March  31 


Hydrographer. 


E.  W.  Myers  . 
L.  V.  Branch. 

do 

do 


R.  E.  Shuford 


April  14   E.  W.MyerP 


|Ga«re  height. 

I 

\        FeeL 
I  2.00 

'  2.18 

[  2.00 

2.90 

5.18 
4.45 


Ducbarge. 

Seeond-/trt. 
302 
442 
37S 
919 

5.35»5 
3,022 
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Daily  gage  height^  in  feet,  of  Nolichucky  River  near  Chucky-  Valley,  Tenn. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 


Day. 


1900. 


Day. 


Sept. 


2.00 
2.00 
2.00 
2.00 
1.80 
1.80 
1.80 
1.80 
1.80 
2.60 
2.80 
4.70 


Oct. 

Nov. 

Dec. 

1.80 

2.50 

3.10 

1.90 

2.60 

3.20 

1.90 

3.00 

3.00 

2.00 

5.20 

4.80 

3.30 

4.00 

3.80 

3.20 

3.60 

3.50 

2.501 

3.20 

3.40 

2.30 

2.50 

3.30 

2.30 

3.00 

3.30 

2.20 

2.90 

3.20 

2.10 

2.80 

3.10 

2.10 

2.80 

3.  CO 

2.10 

2.70 

3.00 

2.00 

2.70 

2.90 

2.00 

2.60 

2.90 

2.00 

2.50 

2.80 

I  I  I 

'  Jan.    Feb.    Mar. 


1901. 

1 

2 

3 

4 

5 

6 

7. 

S. 

9 

10 

11 

12 

13 

14 

15 

16 


3.20 
3.30 
3.50 
3.30 
3.10 
3.00 
3.00 
3.20 
3.00 
2.90 
8.00 
8.60 
5.20 
4.30 
4.00 
3.90 


3.20 
3.00 
3.30 
3.20 
3.30 
3.30 
3.40 
3.40 
4.00 
4.20 
3.90 
3.80 
3.60 
3.40 
3.30 
3.40 


3.10 
2.80 
2.80 
2.80 
3.30 
3.20 
2.90 
3.00 
3.30 
3.80 
4.70 
3.80 
3.50 
3.30 
3.30 
8.40 


4.10 
6.80 
8.60 
6.40 
5.30 
4.90 
4.70 
4.60 
4.40 
4.20 
4.00 
3.80 
3.00 
3.20 
3.10 
3.20 


!  17 

I  IS 
19 

20 

21 

22 

;  23 

24 

25 

26 

27 

28 

29 

30 

31 


Apr.   May 


4.30 
4.10 
4.10 
4.80 
4.00 
3.80 
3.60 
3.60 
4.00 
3.80 
3.80 
3.70 
3.60 
3.50 
3.40 
3.40 


17... 

18... 

19... 

20... 

21... 

22... 

23... 

24... 

25... 

26... 

27... 

28... 

29... 

30.. 

31... 


Day 


1900. 


Day. 


1901. 


3.10 
2.00 
2.30 
2.10 
2.00 
2.00 
2.20 
2.20 
2.10 
2.10 
2.10 
2.00 
2.00 
1.80 


'I 


Oct. 

Nov. 

2.00 

2.50 

1.90 

2.50 

2.00 

2.40 

1.90 

2.40 

1.90 

2.30 

1.90 

2.50 

9.30 

2.50 

5.20 

2.50 

3.90 

2.70 

3.30 

6.50 

3.10 

4.50 

2.90 

3.40 

2.80 

3.40 

2.70 

3.20 

2.60 

Jan.    Feb. 


3.70 
3.50 
3.20 
3.30 
3.40 
3.20 
3.50 
3.30 
3.30 
3.20 
3.20 
3.30 
3.30 
3.20 
3.30 


Mar. 


Apr. 


3.30 
3.40 
3.20 
'  3.30 
3.30 
8.30 
3.40 
3.20 
3.40 
3.30 
3. -20 
3.20 


3.30 
3.20 
8.10 
3.30 
3.30 
3.40 
3.40 
3. -20 
3.80 
8.00 
5.30 
5.30 
4.50 
4.60 
4.40 


3.20 
3.10 
3.20 
4.60 
3.40 
3.30 
3.30 
3.40 
3.80 
4.40 
4.50 
4.40 
4.50 
4.40 


Dec. 


2.70 
2.7» 

2,m 

2. 60 
2.90 
2.80 
2.90 
3.00 
3.00 
8.20 
S.10 
8.00 
2.90 
3.00 
3.20 


May. 


3.30 
3.30 
3.40 
3.40 
3.50 


IRR  83— OB- 
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Haling  table  for  Xolichucky  River  near  Chucky  Valley ^  Tenn.^  far  1900  and  litOl. 


Gage 
height. 

Discharge. 

Gage 
height.   ' 

1 
Discharge. 

1 

Gage 
height. 

i 
Discharge.  , 

Gage 
height. 

"1 
DisichaTKe.  > 

Fe€i. 

iseamd-Jni. 

Feri. 

Sfcond-feet. 

Feet. 

1 

Secoful-/ai, 

FYcL 

i 
Sectiwi-frrt.  - 

1.8 

270 

4.4 

2,  925 

7.0 

12,650 

9.6 

23,  a50                  j 

1.9 

305 

4.5 

3, 150 

7.1 

13,050 

9.7 

23,450 

2.0 

:i40 

4.6 

3,400 

7.2 

13,450 

9.8 

23,850 

2.1 

390 

4.7 

3, 675 

7.3 

13,850     ' 

9.9 

24,250 

2.2 

440 

4.8 

3,950 

7.4 

14,250     ! 

10.0 

24,650 

2.3 

500 

4.9 

4,300 

7.5 

14, 650 

10.1 

25,050 

2.4 

560 

5.0 

4,650 

1      7. 6 

15, 050 

10.2 

25,450 

2.5 

625 

5.1 

5,  a50 

1      »<' " 
1       '•' 

15,450     ' 

10.3 

25,850 

2.6 

695 

5.2 

5, 450 

1       7.8 

1 

15,850    ; 

10.4 

26,250 

2.7 

765     ' 

5.  3 

5, 850 

7.9 

16,250 

10.5 

26,650 

2.8 

840 

5.4 

6,250 

8.0 

16,650 

10.6 

27,050 

2.9 

920     \ 

5.5 

6,650 

'       8.1 

17,a50 

1 

10.7 

27, 450 

3.0 

1,000    ; 

5.6 

7,050 

'       8.2 

1 

17,450 

10.8 

27,850 

3.1 

1,085     ' 

5.7 

7,450 

!       8.3 

1 

17,850     1 

10.9 

28,  *250 

3.2 

1,175  ; 

5.8 

7,850 

8.4 

18,250 

11.0 

28,650 

3.3 

1,275     \ 

5.9 

8,250 

8.5 

18,650 

11.1 

29,050 

3.4 

1,385     1 

6.0 

8,650 

8.6 

19,050 

11.2 

29,450 

3.5 

1,505     ' 

'           1 

6.1 

9,a50 

8.7 

19,450 

11.3 

29,850 

3.6 

1,630    1 

6.2 

9, 450 

8.8 

19,850 

11.4 

30,250 

3.7 

1,770    \ 

6.3 

9,850 

8.9 

20,250' 

11.5 

;%,650 

3.8 

1,910 

6.4 

10,250 

9.0 

20,650 

11.6 

31,a50 

3.9 

2,060 

6.5 

10,650 

9.1 

21,050 

11.7 

31,450 

4.0 

2,210 

6.6 

ll,a50 

9.2 

21,450 

11.8 

31,850    1 

4.1 

2,370 

6.7 

11,450 

9.3 

21,850 

11.9 

32,250 

4.2 

2,540     i 

6.8 

11,850 

9.4 

1 

22,250 

12.0 

32,650 

4.3 

2,725     1 

1 

6.9 

12,250 

1      9.5 

22,650    ; 
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Egtimaied  monthly  dischnrge  of  Nollchuchj  Kiver  near  Cfiucky  Valley ^  Tenn. 

[Dmiimg:c  area.  817  miiiare  miles.] 


Month. 


Discharge  in  aecond-feet. 


RunH)fr. 


Kalnfall. 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


Total  in 
acre-f^et. 


21,850 
10,650 


1900.  ! 

September  " 

October 

November 

Deceml>er '     3, 950 

1901.  I 

January 5, 450 

February '     2,540 


March 
April , 


16, 650 
19,a50 


270 
500 
695 

920 
1,000 

840 
1,000 


536 
1,444 
1,43:^ 
1,173 

1,490  I 
1,413 
2,280 
3, 457 


May'> ! ■ 1,868 


27,642 
88,788 
85,  270 
72, 125 

91,617 

78, 474 

140, 192 

205,  706 

77,807 


Second- 
feet  per 
Bquarc 
mile. 


0.656 
1.767 
1.754 
1.4:^5 

1 .  823 
1.729 
2.790 
4. 231 
2.286 


Depth  in 
inchefi. 


Inches. 


0.6:^ 

3.08 

2.04 

5.33 

1.96 

3.89 

1.65 

3.40 

2.09 

3.84 

1.81 

2.03 

3. 22 

4.37 

4.75 

5.12 

1.79 

6.92 

' 

a  26  days. 

t*  May  1  to  21.    Does  not  include  great  May  flood,  which  washed  bridge  and  gage  away.  - 

Note  on  rainfall  for  May,  1901:  This  does  not  contain  any  record  from  station  in  mountains  of  North 

Carolina  for  this  month,  where  the  rainfall  was  very  great  from  May  18  to  23,  causing  greatest  floods 

ever  known  in  most  of  the  rivers  draining  the  region. 

HOLSTON   RIVER  (sOUTH   FORK)   AT   BLUFF  (^ITY,  TENN. 

This  station  was  originally  established  by  the  United  States  Weather 
Bureau  at  the  highway  bridge  at  Bluff  City.  Readings  were  begun 
July  17,  I9OO5  by  the  United  States  Geological  survey,  in  connection 
with  the  general  hydrographic  investigation  of  the  southern  Appala- 
chian region.  The  gage  is  a  4  by  8  inch  timber,  bolted  to  the  down- 
stream side  of  the  stone  pier.  The  initial  point  for  soundings  is  on 
the  north  end  of  the  bridge,  downstream  side.  The  channel  is  straight 
for  about  500  feet  above  and  below  the  bridge,  and  the  current  is  swift. 
The  north  bank  is  high,  but  the  south  bank  is  subject  to  overflow  at  the 
bridge.  The  bed  is  rocky  and  constant  in  section.  O.  V.  Cox  is  the 
observer. 

The  following  discharge  measurements  were  made  during  1902  by 
B.  S.  Drane: 

October  28:  Gage  height,  0.45  foot;  discharge,  460  second-feet. 
November  12:  Gage  height,  0.35  foot;  discharge,  355  second-feet. 
December  10:  Gage  height,  1.10  feet;  discharge,  789  second-feet. 
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Daily  gage  height^  in  feet  ^  of  JloUton  River  (South  fork)  at  Bluff  CUy,  Term,. 


Day. 


1902. 


Jan. 


Feb.  I  Mar. 


Apr.  I  May. 


I 


'  4.50 

'  3. 40 

I  3.30 

3.20 

'  3.00 

I  2.80 

I  2.70 

j  2.60 

I  2.40 

I  2.00 

1  1.20 

12 '  1.20 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 


13. 
14. 
16. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
26. 
26. 
27. 
28. 
29. 
30. 
31. 


1.10 
1.60 
1.60 
1.30 
1.30 
1.30 
1.20 
1.70 
1.60 
1.50 
1.70 
1.80 
1.70 
1.80 
3.60 
3.40 
4.40 
4.80 
5.40 


5.40 
4.00 
3.70 
3.80 
3.70 
2.80 
2.60 
2.00 
1.80 
l.HO 
1.70 
1.70 
1.60 
1.60 
1.70 
1.60 
1.50 
1.50 
1.40 
1.40 
2.00 
2.00 
1.80 
2.00 
2.60 
3.10 
4.40 
11.45 


8.20 
6.70 
6.50 
5.40 
4.70 
4.60 
4.10 
3.40 
3.30 
3.30 
3.20 
3.10 
3.10 
3.10 
2.80 
3.40 
3.40 
3.10 
2.80 
2.70 
2.30 
2.00 
2.80 
2.70 
2.00 
1.80 
1.80 
2.00 
6.00 
5.00 
3.80 


3.10 
2.60 
2.30 
2.40 
3.30 
3.00 
2.  HP 
2.60 
2.40 
>  2.50 


I 


2.40 
2.40 
2.30 
2.20 
2.00 
1.80 


I  1.60  , 
I  1.40  1 

I  1.40  ! 
1.90  ; 
1.80  I 
1.70  ' 
1.60  I 
1.50  I 
1.40  I 
1.30 
1.30  , 
1.20  ' 
1.40  ' 


1.30 

1.20 

1.10 

1.10 

1.10 

1.00 

1.00 

1.00 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

1.00 

.90 

.80 

.80 

1.10 

1.10 

1.10 

.90 

.90 

.80 

.80 


June. 

July. 

0.70 

4.10 

.70 

3.20 

.60 

2.10 

.50 

2.10 

.60 

1.60 

.50 

1.60 

.40 

1.20 

1.00 

1.40 

1.40 

1.50 

1.00 

1.70 

.60 

1.40 

.00 

1.30 

1.00 

1.20 

1.60 

1.60 

1.20 

.90 

1.10 

.80 

Aug. 


Sept. 


Oct.  '  Nov. '  Dec, 


i 


2.00 

.80  1 

1.50 

.70, 

1.20 

.70 

1.10 

.70 

1.00 

.90 

.90 

.80 

.80 

.70 

1.10 

1.10 

1.10 

1.10- 

1.00 

4.00 

3.10 

2.80 

1.30 

1.00 

i.ao 

1.00  I 

1.00  I 

1.00  I 

.90  [ 

.80  I 

I 


0.40 
.80 
.30 
.40 
.50 
.50 
.60 
.50 
.30 
.40 
.40 
.40 
.40 
.30 
.30 
30 


1 


.70 
.60 
1.20 
5.55 
8.00 
4.40 
4.20 


..«  I 


.70 
.70 
.70 
.70 
.80 
.90 
1.80 
1.20 


.80 

.20 

.70 

.20 

.90 

.20 

.90 

.40 

1.00 

.30 

.90 
.80 

^.20 
*.20 

.70 

.10 

.70 

.20 

.60 

.70 

.60 

.40 

.50 

.40 

.40 

.40 

.40 

.00 

.40 

1.00 
.60 
.40 
.60 
.70 
.60 
.60 
.40 
.90 
.20 
.20 
.70 
.70 
.60 
.60 
.60 
.50 
.40 
.40 
.80 
.20 
.20 
.10 
.10 
.10 
.10 
.50 
.40 
.40 
.30 
.30 


0.80 
.30 
.40 
.40 
.40 
.40 
.80 
.80 
.80 
.80 
.80 
.30 
.30 
.30 
.80 
.30 
.80 
.40 
.40 
.50 
.40 
.40 
.50 
.50 
.70 
1.60 
1.60 
1.60 
1.40 
1.30 


I 


1.20 

1. 00 

.90 

1.70 

2.20 

2.70 

1.70 

1.30 

1.20 

1.10 

1.00 

.90 

1.00 

.90 

.90 

1.30 

1.7D 

1.60 

1.30 

1.80 

1.20 

1.10 

1.00 

.90 

.90 

.W 

.70 

.SO 

.90 

1.10 

1.00 


Rating  table  for  I folston  River  (South  Fork)  at  Bluff  City y  Tmn,,  for  1902. 


Gage 
height. 

Feet. 

Diflcharge.  { 

1 

Gage 
height. 

FcH. 

Diachargc.  , 

Gage 
height. 

Fed. 

Discharge. 
Secxmd-fefi. 

1 

1     Ga«e 
1   height. 

1 

Di8cfaai)ge. 

Secorul-fefl. 

Second-feet.  . 

1 

1      Feet. 

Second-feeL 

0.1 

293 

2.2 

1,890 

4.4 

4,430 

1      7.5 

16,400 

.2 

310 

2.4 

2,110 

4.6 

4,795 

8.0 

18,500 

.4 

346 

2.6 

2,330    ; 

4.8 

5,245 

9.0 

22,700 

AS 

444 

2.8 

2, 550 

5.0 

5,900 

,    10.0 

26,900 

.8 

576    ' 

3.0 

2,770    , 

.5.2 

6,740 

11,0 

31,100 

1.0 

730     , 

3.2 

2,990 

.5.4 

7,  .580 

12.0 

35,300 

1.2 

896 

3.4 

3,210     1 

5.6 

8,420 

1     13.0 

39,500 

1.4 

1,070 

1       3.6 

3,430    ' 

5.8 

9,260 

14.0 

43,700 

1.6 

1,255 

3.8 

3,650    1 

6.0 

10,100 

1.8 

1,456     1 

4.0 

3,870    1 

6.5 

12,200 

2.0 

1,670     1 

4.2 

4,130  ; 

7.0 

14,300 
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EHtimated  monthly  discharge  oj  HoUton  River  {Sauth  Fork)  at  Bluff  <^y,  Tenn. 

[Drainage  area,  828  square  miles.] 


Month. 


1902. 

Janoary  

February 

March 

April 

May •. 

JuBe 

July 

August 

September 

October 

November 

December 

The  year  ... 


Diwharfire  In  second-feet. 


Maximiiin. 


7,580 

32,990 

19,340 

3,100 

983 

18,500 

4,000 

3,  870 

510 

730 

1,  255 

2,440 

32,990 


Minimum.         Mean 


813 
1,070 
1,456 
896 
576 
346 
510 
346 
293 
293 
328 
510 


293 


2,256 
3,356 
4, 459 
1,730 

702 
1,788 
1,692 

874 

:^9 

383 
485 
922 


1,583 


Run-oflF. 


Second - 

feet  per 

square 

mile. 


1,91 


Depth  in 
inches. 


2.72 

3.14 

4.05 

4.22 

5.39 

6.21 

2.09 

2.33 

.85 

.98 

2.16 

2.41 

2.04 

2.35 

1.06 

1.22 

.42 

.47 

.46 

.53 

.59 

.66 

1.11 

1.28 

25. 80 


WATAUGA    RIVER  AT   BUTLER,  TENN. 

This  station  was  established  on  August  14,  1900,  in  connection  with 
the  general  hydrographic  investigation  of  the  southern  Appalacliian 
area. 

The  gage  rod  wa.s  a  vertical  scale  graduated  to  feet  and  tenths  and 
securely  spiked  and  braced  to  an  overhanging  tree  on  the  right  bank 
of  the  stream  about  100  yards  below  the  highway  bridge,  from  which 
the  gagings  were  made  and  on  which  was  the  bench  mark  to  which  the 
gage  was  referred. 

The  section  at  this  station  was  favoi-able  for  making  accurate  meas- 
urements of  discharge,  as  the  bed  of  the  stream  was  of  smooth,  hard 
sand,  the  course  of  the  river  straight  for  some  distance  above  and 
below  the  station,  and  the  current  velocities  suflScient  and  well  distrib- 
uted in  the  section,  while  the  banks  were  high  and  not  subject  to  over- 
flow except  during  extraordinary  freshets. 

The  initial  point  for  soundings  was  at  the  end  of  the  hand  rail  on 
the  left  bank  of  the  stream  and  on  the  downstream  side  of  the  bridge. 

This  station  was  maintained  up  to  the  end  of  1901,  though  the 
bridge  from  which  gagings  were  made  was  swept  away  in  the  great 
flood  of  May,  1901,  and  no  gagings  were  possible  after  that  date. 
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STREAM   MEASUREMENTS   IN    1902,   PART   II. 
DMiarge  meamirnneati^  of  WcUaugn  River  at  Butler ,  Tenn. 


[no.  83. 


Date 


HydrogTHpher. 


1900. 

July  30 E.  W.  Mvere 

AugUHt  7 L.  V.  Branch 

AugiiPt  17 <ln 

C)ct(>l)er  6 K.  W.  Myers 

Noveinl)er  7 L.  V.  Branch 

December  2H i  IC.  W.  Myers 

UK)!.  ! 

January  17 K.  W.  Mvers 

April  12 do 


Ikiily  g<ifji'  helffhij  in  fret,  of  Watauga  Hirer  at  BiUler,  Tenn. 


Diiy 


I 


,ViiK  ,  Sept, '   Oct.    I  N(»v.     Dec 


Day. 


Aug.    Sepl  I   Ort.      Nov.    lH-< 


190(). 

1 
1 

1 
1 

1900. 

1 
1 

1 

1 

0.  iW 

1     0.90 

r».  ViO 

2.00 

1    17... 

1 

4.50  '     0.70 

1..T0 

L.-jO 

2 

.90 
.90 
.90 
.90 

1       .90 

,       .90 

1       .90 

.90 

.90 

5.00 

2.:«) 

2.10 

2.50 

,  2.30 

2.40 
2.40 
'    5.00 
4.00 
3.50 

,  18... 

0.90 

4.00         .70 
3.20         .70 
2.70         .70 
1.10         .70 
1.00         .70 

1.50 
1.40 
1.40 
1.40 
1.40 

1.50 

3                        .     1 

19... 

.80  * 

I.-'tO 

4 

20... 

.80  i 
1.10  1 

1.30 

6                             1 

21 . . . 

1.50 

6 1 

22... 

l.tH)  , 

1.50 

7 ' 

.SO 

.90 

,  2.00 

3.00 

'    23... 

lao. 

1.10  '  15.00 

1.40 

1.50 

8 1 

..SO 

.90 

,  2.00 

2.  .50 

24... 

'  1.20 

.90  '    9.00 

1.40 

1.50 

9 

.80 

.90 

1.90 

2.10 

■25... 

'    .90 

.90  1    4.50 

1.40 

1.60 

10 

,SC) 

.90 

1.90 

1.90 

26... 

'     .90 

.90       2.50 

5.40 

1.50 

11 

.>M) 

.90 

'  1.90 

1..50 

27... 

I    .90 

.90  '    2.00 

4.00 

1.60 

12 

.«0 

.80 

1.80 

.    1.50 

28... 

90 

.90  '     4.50 

3.00 

1.50 

13 ' 

.80 

.80 

'  1.60 

1.50 

29... 

.80  . 

.90  .     4.0O 

3.00 

1.50 

14 '  1.30 

1.70 

1       .90 

'    1..T0 

1.50 

'    30... 

1.90  . 

90       4.00 

*2.40 

1.60 

15 '     .«) 

1.70 

1       .80 

'1..50 

I.. 50 

;  31... 

1.40 

3.-20 

1.50 

16 1     .70 

1 

:».  10 

1       .70 

1 

1 

1.50 

1.50 

1 

I 

1 
Day.                 1 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July.    Aug. 

1 

1 

Sept.    Oct. 

Nov. 

Dec. 

1 
1901. 

1 

2.00 

l.(» 

l.iSO 

3.00 

3.00 

8.00 

6.40  ,  2.00 

3.60  ,  2.80 

•2.60 

2.60 

'> 

2.00 
2.00 

l.tiO 
1.60 

l.oO 
1.50 

8.00 
7.00 

3.00 
3.00 

3.00 
3.00 

4.10  1  2.00 
3.50  ,  2.00 

3.10     2.80 
2.70     2.80 

2.60 
2.60 

2.60 

3 

2.60 

4 

1.80 

'2.80 

l.TiO 

G.30 

3.00 

3.00 

2.80  ,  2.00 

2.70     2.80 

3.50 

2.00 

5 , 

l.CiO 

•2.00 

1.50 

.5.00 

3.00 

3.00 

2.50  1  2.00 

2.70     2.  HO 

3,10 

2,60 

6 

l..T() 

2.00 

1..T0 

4.  .50 

3.00 

3.00 

2.50     8.00 

2.70     2.80 

3.00 

2.60 

7 

l./)0 

1.80 

1.70 

3.40 

3.60 

3.00 

2.50  1  5.10 

2.70     2.70 

2.80 

2.60 

8 

i.-y) 

1.60 

2.00 

3.00 

4.60 

11.00 

2.30  :  3.40 

2. 70     2. 70 

2.80 

2.60 

9 , 

l.W 

3.. "SO 

2.00 

2.50 

3.50 

6.:« 

2.00  1  2.80 

2.70  '  2.60 

2.80 

2.60 

10 1 

1.90 

3.00 

2.00 

2.50 

3.20 

4.50 

2.00 

2.50 

2.70  1  2.60 

•2.80 

4.70 

11 ] 

2.00 

2.80 

4.00 

2.50 

4.50 

2.00 

3.50 

•2.70 

2.60 

2.80 

S.60 

12 

7.00 

2.80  ' 

.3.00  ' 

2.50 

2.80 

3.60 

2.00 

7.60 

3.00 

2.60 

2.80 

3.10 

Gage, 
height. 

Discharge. 

Frtl. 

Seetmfi-frft 

1.37 

454 

.90 

214 

.84 

166 

1.12 

238 

2.20 

591 

1.40 

311 

2.10 

574 

2.55 

M9 
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Daily  gage  fieigJUy  infeetf  of  Watauga  Rirer  at  Butler^  Term. — Continued. 


13. 
14. 
15. 
16. 


I>ay. 


1901. 


18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
'26. 
27. 
». 
29. 
30. 
81. 


Jan.    Feb.    Mar.     Apr. 


5.00 

4.30  I 

3.60 

3.00 

2.60  ' 

2.60 

2.60 

2.10 

2.00 

1.80 

1.60 

1.60 

1.60 

1.60 

1.60 

1.60 

1.60 

1.60 

1.60 


2.40 

2.00 

2.00 

2.00 

2.00 

1.80 

1.60 

1.00 

.80 

.80 

.60 

.60 

.80 

1.00 

1.50 

1.50 


2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.80 
1.60 
1.60 
1.60 
1.60 
1.80 
2.00 
7.00 
6.00 
4.80 
3.50 
3.00 
3.00 


2. 
2. 
2. 
2. 
2. 
2. 
2. 
12. 
5. 
4. 
4. 
4. 
3. 
3. 
3. 
3. 
3. 
3. 


50 
50 
50 

50 
50 
50 

00 
20 
50 
50 
50 
70 
70 
70 
00 
00 
00 


ffX    I 


2.80 
2.60 
2.60 
2.60 
2.60 
2.60 
2.80 
3.00 
16.27 
11.00 
5.00 
4.60 
4.60  ' 
3.60  ' 
3.40 
3.40 
3.40 
3.40 
3.00 


June. 


3.40 
3.00 
3.00 
3.00 
2.50 
2.50 
2.50 
2.50 
2..W 
2.50 
2.50 
2.50 
2.50 
3.20 
8.70 
8.90 
3.80 
2.60 


July, 


2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 


I 


Aug. 

Sept. 

5.30 

3.00 

4.50 

2.70 

4.70 

2.70 

6.70 

4.fiO 

6.70 

3.60 

5.90 

3.10 

4.(X) 

3.00 

4.00 

3.00 

6.90 

3.00 

5.80 

3.00 

4.00 

3.00 

3.60 

3.80 

S-.W 

3.50 

150 

3.00 

3.50 

3.00 

3.50 

3.00 

3.50 

3.00 

3.50 

2.80 

S.-'iO 

CK't.    Nt>V. 


4.10 
4.00 
3.60 
3.60 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
2.90 
2.90 
2.90 
2.90 
2.60 
2.60 
2.60 
2.  fiO 
2.60 


2.  HO 
2.80 
2.80 
2.80 
2.80 
2.K0 
2.80 
2.80 
2.80 
2.80 
2.80 
2.60 
2.00 
2.60 
2.60 
2.60 
2.60 
2.60 


Deo. 


3.00 
9.50 
8.00 
6.00 
4.60 
3.60 
3.00 
3.00 
3.00 
3.00 
3.00 
6.00 
4.00 
8.00 
3.00 
3.00 


Hating  table  far  Watauga  Hirer  at  Butler,  Tenn.^  for  1900  and  1901. 


Gage 
height. 

1 
Dineharge. 

Oage 
height 

1 
DifKiharge. 

Stcond-feel. 

f 

height. 

Discharge. 
Second-feet. 

Gage 
height. 

1 

DiKCiharge. 
Second-feet. 

Fert.       ' 

Seemtd'/eeL 

/%rt. 

Feet. 

0.6 

120 

2.3 

665     ! 

4.0 

2,010 

5.7 

3,370     , 

.7      ' 

136 

2.4 

736 

1 

4.1 

2,090 

5.8 

3,450     1 

.8 

167 

2.5 

810   ; 

4.2 

2,170 

5.9 

3, 530 

.» 

180 

2.6 

890    ' 

4.3 

2,250 

6.0 

3,610     , 

1.0 

205 

2.7 

970 

4.4 

2,330 

6.1 

3,690 

1.  1 

230 

2.8 

1,050 

4.5 

2,410 

6.2 

3,770 

1.2 

255 

1       2.9 

1,130 

'           1 

4.6 

2,490 

6.3 

3,860 

1.3 

283 

3.0 

1,210 

4.7 

2,570 

6.4 

3,930 

1.4 

311 

3.1 

1,290 

4.8 

2,660 

6.5   . 

4,010 

1.5 

341     ' 

3.2 

1,370 

4.9 

2,730 

6.6 

4,090 

1.6 

373 

1 

,      3.3 

1,460 

5.0 

2,810 

6.7 

4,170 

1.7 

406 

3.4 

1,630 

5. 1 

2,890 

6.8 

4,250 

1.8 

440 

3.6 

1,610 

5.2 

2,  970 

'       6.9 

4,3:^ 

1.9 

476 

3.6 

1,690 

5.3 

3,050 

7.0 

4,410 

2.0 

516 

1 

3.7 

1,770 

5.4 

3,130 

1 

1       2.1 

1 

562 

3.8 

1,850 

5.5 

3, 210 

1 

2.2 

610 

'      3.9 

1,930 

5.6 

3,290 
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Estimated  monthly  discharge  of  Watauga  Hirer  at  Butier,  Term 

[Drainage  area,  261  square  miles.] 


Month. 


Dischai^e  in  seoond-feet. 


Maxi- 
mum. 


1900. 


August^  .. 
September. 
October  . . . 
November. 
December . 


2,410 

10, 810 

3,290 

2,810 


1901. 

January 4, 410 

Tebruary 1,610 

March 4,410 

April 8,410 

May 11,850 

June 7,610 

July 3,930 

August ,  5, 210 

September 2, 410 

October |  2,090 

November :  1, 610 

December  ^ 


The  year 


11,850 


Total  in 
acre-feet. 


Run-off. 


Seoond- 
feet  per 
square 
mile. 


7,  ^  0. 874 

25,705  I  1.656 

63,332  '  3.946 

48,079  '  3.097 

36, 953  i  2.  302 


Deptb  in 
inches. 


341 
120 
341 
810 
890 
810 
515 
515 
970 
890 
890 


794 
512 
900 

1,970 

1,971 

1,821 
762 

2,182 

1,226 

1,176  I 
969  j 

1,762  r 


48,820 

28,435 

55,339 

117,223 

121, 192 

108, 357 

46,853 

134,166 

75, 332 

72,309 

57,659 

97,801 


120 


1,337   963,486 


3.042 
1.962 
3.44S 
7.548 
7.551 
6.977 
2.920 
8.360 
4.697 
4.505 
3.712 
6.751 


0.25 
1.85 
4.55 
3.46 
2.65 


5.123 


3.52 
2.04 
3.97 
8.42 
8.71 
7.78 
3.37 
9.63 
5.24 
5.20 
4.14 
8.93 


70.95 


a  17  days. 


b  28  days. 


ROAN  CREEK  AT  BUTLER,  TBNN. 

The  station  on  this  stream  was  established  on  August  8,  1900,  and 
the  gage  rod  was  spiked  and  braced  to  a  tree  on  the  left  bank  of  the 
stream  a  short  distance  below  Cole  &  Scott's  gristmill,  about  one-half 
mile  above  the  mouth  of  the  creek,  at  which  point  the  gagings  were 
made  from  the  highway  bridge.  The  initial  point  for  soundings  at 
this  station  was  at  the  end  of  the  hand  rail  over  the  right  bank  and  on 
the  upstream  side  of  the  bridge.  The  left  bank  was  low  and  subject 
to  overflow,  and  the  bed  was  of  sand  and  mud. 

The  bridge  on  which  this  station  was  located  was  washed  away  at 
the  same  time  as  the  one  across  the  Watauga,  but  was  later  replaced 
by  a  temporary  structure,  from  which  a  gaging  was  made  near  the 
end  of  1901. 

This  station  was  discontinued  at  the  end  of  1901. 
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Discharge  meafuremenU  of  Roan  Creek  at  BtUler,  Tenn, 


Date. 


1900. 


July  30 

August  7 

August  17  ... 

October  6 

November  7  . 
December  28. 


Hydrographer. 


E.  W.  Myers. 

do , 

do 

do 

do 

do 


1901. 


January  17 
April  12  . . . 
October  25. 


.do 
do 
do 


3. 


6. 

mm 

t. 

8. 

9. 
10. 
11. 
12. 
13- 
14. 
15. 
16. 


Gage  height. 

Discharge. 

Feet. 

Second-feet. 

1.47 

137 

1.02 

65 

.85 

58 

.86 

52 

1.50 

171 

1.20 

82 

1.72 

279 

1.70 

286 

.95 

118 

Daily  gage  height,  in  feet,  of  Roan  Creek  at  Butler ,  Tenn. 


Day. 


1900. 


Aug. 


0.90 
.72 
.82 
.78 


Sept. 


0.95 
1.00 
.83 
.88 
.83 
.81 
.80 
.76 
.80 
.75 
.75 


Oct. 


1.00 
.85 
.85 
.86 
.80 
.86 
.80 
.83 
.89 
.88 
.83 


.78 

.73 

.87 

"      .85 

.75 

.90 

1.20 

1.00 

.85 

.93 

1.65 

.88 

.86 

2.50 

.82 

Day. 


1901. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

1.60 
1.50 
1.60 
1.60 
1.80 
1.90 
2.20 
2.00 
1.80 
1.80 
1.40 
1.60 

1.20 
1.20 
1.20 
1.20 
1.30 
1.30 
1.40 
1.30 
1.20 
1.20 
1.80 
1.25 

1.90 
3.30 
6.25 

1.20 

1.80 
1.90 
1.80 
1.70 
1.70 
1.50 
1.40 
1.40 
1.60 
1.60 
1.60 
1.60 

2.80 

3.90 

3.30 
300 
1.80 
1.50 
2.00 



3.05 

Sept. 

Oct. 

6.60 

1.50 

4.10 

1.60 

3.00 

1.60 

2.20 

1.40 

1.90 

1.40 

1.60 

1.20 

1.60 

1.10 

1.60 

1.10 

1.60 

1.10 

1.50 

1.00  1 

1.40 

1.00 

1.45 

1.20. 

Nov. 


0.80 
.85 
.90 
.90 
.80 
.80 
.80 
.80 
.75 
.80 
.80 
.80 
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Daily  gage  height,  in  feet,  of  Roan  Creek  at  BuUer,  Term, — Continued. 


Day. 


Ftb. 


1901. 
13 

1       1.60 

14 

1.60 

15 :. 

,      1.50 

16 

1.40 

17 

j       1.40 

18 

1.40 

19 

1 

1.40  , 

20 

1.30  , 

21 

1       *••'"  1 
1.30  , 

22 

l.:?0  1 

23 

1              1 
1.30 

24 

'      1.40 

25 

1 
1.45 

26 

1.30 

27 

1      1.30 

28 

1.25  1 

29 

1 

30 

3, ' 

1 

Mar. 


1.30 
1.40 
1.70 
1.50 
1.50 
1.30 
1.30 
1.30 
1.30 
1.30 
1.40 
1.30 
1.30 
3.35 
3.30 
3.00 
2.80 
2.40 
2.10 


Apr.    !    May.      June,  i  July,   i    Aug.       Sept. 


1.60 

90 

1 

1.60  ' 

«o 

1.60  ' 

80 
70 

1.50  1 

1.50 

60    

1.45 

40 

1.40 

90    

6. 45 

t. 

60    

'i.m    . 

3. 00    

2.80    

2.50    

3.20    

3.30    

2.<J0 

2.30 

2.00 

1.80    ' 

1                '                1 
1.. - 

1 

Oct. 


Not. 


5.00 

1..35 

1.90 

0.90 

4.50  1 

1.30 

1.70 

.9U 

4.00 

1.30 

1.40 

.95 

4.00 

1.30 

1.40 

.90 

3.40  1 

1.60 

1.20 

.90 

3.00 

1.50 

1.10 

.90 

2.60 

1.30 

1.10 

.80 

4.45 

1.30 

1.10 

.80 

4.40 

1.20 

1.00 

.80 

3.00 

1.20 

1.00  ' 

.80 

2.60 

1,15 

1.00  1 

1.00 

2.50 

1.10 

1.00  ,. 

1.80  ' 

1. 10 

.95  '. 

2.20  1 

1.00 

.90    . 

2.80  , 

1.00 

.80    . 

2.40 

1.00 

.80    . 

2.00 

1.80 

.a5|. 

2.00 

1.60 

.80    - 

2.00    . 

.80  '. 

Raimg  tahl^for  Roan  Creek  at  Butlrr,  Tenn.,  for  1900  and  1901. 


Gage 
height. 

i 
Discharge.  > 

Sfcond'/ert. 

Gage 
height. 

DiRoharge. 
1  Second-fret. 

,    height. 
Feet. 

DiNChai^ge. 
Sccrmd-fect. 

Gage 
height. 

1 
Di)«chArgc. 

Sccrmd-fed. 

Feet. 

Feei. 

0.6 

:i5 

2.8 

1            720 

4.0 

1,995 

1       5.7 

3,270 

42 

2.4 

795 

4.1 

2,070 

5.8 

3, 345 

.8 

50 

2.5 

1          870 

4  •? 

2,145 

;       5.9 

3,420 

.9 

61 

2.6 

945 

4.8 

2,220 

6.0 

3,4a5 

1.0 

78 

2.7 

,       1,020 

4.4 

2,295 

6.1 

3,570 

1.1 

87 

2.8 

1       1,095 

4.5 

2,  870 

6.2 

3,&45 

1.2 

102 

2.9 

1       1,170 

4.6 

2,445 

1       6.3 

3,720 

1.3 

120 

8.0 

,       1,245 

4.7 

2, 520 

1       6.4 

3,795 

1.4 

148 

8.1 

'       1,820 

4.8 

2, 595 

1      6.5 

3,870 

1.5 

170 

8.2 

1, 895 

4.9 

2,670 

1      6.6 

3, 945 

1.6 

210 

8.3 

1,470 

1         ' 

5.0 

2,745 

,      6.7 

4,020 

1.7 

370 

8.4 

1       1,545 

■=^•1 

2,820 

6.8 

4,095 

1.8 

845 

8.5 

1 ,  620 

5.2 

2,895 

1      6.9 

4,170 

1.9 

420 

8.6 

1       1,695 

5.8 

2,970 

7.0 

4,245 

2.0 

495 

8.7 

1,770 

5.4 

8, 045 

2.1 

^          570 

3.8 

1,845 

'       5.5 

1 

8, 120 

2.2 

1          645 

1 

8.9 

1,920 

1 

1       5. 6 

3, 195 
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Sttimated  monthly  discharge  of  Roan  Creek  at  Butler ^  Term. 

[Drainage  area,  1&4  miiiare  miles.] 


Discharge  in  seoond-feet. 


Month. 


Maxi- 
mum. 


Mini- 
mum. 


1900. 

August «  - 1 , 

September '      870 

October  f* 


46 


1901. 

February 645 

March '  1,507 

April  <? 


Ill 
102 


August  *  - .  - 
September  . 

October 

November/ 


3,945 
420 


73 
50 


Mean. 


74 
101 
165 

216 
319 
957 


Mayd i 490 


1,219 

400 

111 

55 


Total  in 
acre-feet. 


3,522 
6,009 
7,  e527 

11,996 
19,614 
41,760 
19,348 
65,282 
23,802 
6,825 
2,509 


Run-off. 


Second- 
feet  per 
square 
mile. 


0.45 
.  677 
1.010 

1.323 
1.945 
5. 835 
3.000 
7.433 
2.439 
.677 
.335 


Depth  In 
inches. 


0.40 


1    -"'"^ 

.86 

1.38 

2.25 

7.62 

2.23 

7.46 

2.72 

.78 

.28 

o24  days. 
b  23  days. 
c22  daju 


d  May  1-20.    Docs  not  include  May  flood,  which  washed  gage  away, 

«■  27  days. 

/  November  1-28. 


MISCELLANEOUS  MEASUREMENTS  IN  TENNESSEE  RIVER  DRAINAGE  BASIN. 

The  following  miscellaneous  discharge  measurements  were  made  in 
the  Tennessee  drainage  basin  in  1902  by  B.  M.  Hall  and  his  assistants: 


Date. 

Stream. 

Locality. 

Discharge. 

Mar.  11-. 

July  12.. 
24.. 

Rock  Creek 

Coal  Creek 

Clinch  River 

Lula  Lake,  near  Flintstone,  Ga.,  Walker 
County. 

Southern  Rwy.  bridge,  Coal  Creek,  Tenn. 

2  miles  below  Clinton,  Tenn.  (gage  height 
3.7  feet). 

47 

6 
1,23S 

YAZOO  RITER  DRAINAGE  BASIN. 

Yazoo  River  rises  in  the  northwestern  part  of  Mississippi.  It  flows 
south  just  west  of  the  central  portion  of  the  State  and  enters  the 
Mississippi  River  just  above  Vicksburg.  The  United  States  Geolog- 
ical Survey  is  maintaining  a  station  on  this  river  at  Yazoo  City  under 
the  direction  of  B.  M.  Hall. 
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YAZOO   RIVER  AT   YAZOO   CITT,  MISS. 

A  gage  has  been  maintained  at  this  point  by  the  Engineer  Corps  of 
the  Army.  It  was  replaced  in  1901  by  a  new  gage  rod  in  three  sec- 
tions^ imrked  with  brass  figures  and  brass  tacks,  the  sections  being 
placed  a&  follows:  The  lowest,  marked  from— 3  to+4.5  f eet,  is  attached 
to  the  protecting  work  of  the  bridge;  the  middle  section,  marked 
from  4.5  to  18.5  feet,  is  attached  to  the  piling  that  protects  the  bridge 
pier;  the  uppermost  section,  continuing  the  graduation  up  to  32.3 
£det,,  is  on  a  post  under  the  approach  to  the  bridge.  The  highest 
kiaown  water  occurred  in  1882,  reaching  a  gage  height  of  36.5  feet; 
tli^  l<;>west  occurred  on  October  15  to  17  and  20  to  22,  1896,  with  a 
gag«  height  of —2.8  feet.  The  danger  line  is  at  25  feet.  A  bench 
mark  was  established  on  the  top  of  the  upstream  cylinder  of  the  sec- 
ond pier  from  the  left  bank,  at  a  distance  of  85  feet  from  the  initial 
point  for  soundings,  which  is  on  the  downstream  end  of  iron  bridge 
on  the  left  bank.  The  elevation  of  the  mark  is  35.85  feet  above  the 
afero  of  the  gage.  Other  important  bench  marks  in  Yazoo  City  are 
the  following:  P.  B.  M.  12,  Yazoo  City,  is  a  copper  bolt  in  stone 
under  ground,  sunnoanted  by  an  iron  pipe  and  cap,  in  the  north  cor- 
ner of  the  county  court-house  3^ard.  It  is  44.1  feet  above  the  zero  of 
the  gage  and  116.2  feet  above  mean  sea  level.  P.  B.  M.  13,  Yazoo 
City,  is  a  copper  bolt  in  stone  under  ground,  surmounted  by  an  iron 
pipe  and  cap,  in  the  north  comer  of  the  public  school  yard,  near 
Washington  and  Main  streets.  It  is  29.2  feet  above  the  zero  of  the 
gaf^e^  and  101.3  feet  above  mean  sea  level.  Discharge  measurements 
are  made  by  the  United  States  Geological  Survey  from  the  city  toll 
bridge,  one-half  mile  northwest  from  the  Illinois  Central  station.  The 
observer  is  P.  C.  Battaille.  Daily  gage  heights  are  furnished  by  the 
Weather  Bureau. 

The  following  discharge  measurements  were  made  during  1902: 

July  12:  Gage  height,  3.40  feet;  dischai^e,  2,887  secoDd-feet. 
July  14:  Gage  height,  4.40  feet;  discharge,  3,672  second-feet. 
September  24:  Gage  height,  —1.0  foot;  discharge,  2,108  second-feet, 
September  25:  Gage  height,  —1.0  foot;  discharge,  2,048  second-feet. 
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Daily  gage  height^  in  feet,  of  Yazoo  River  cU  Yazoo  Oily,  Miss. 


9 10.00 


10. 

11. 

12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


9.70 
9.30 
8.90 
8.40 
7.90 
7.30 
6.50 
6.70 
4.90 
4.20 
3.50 
3.20 
3.50 
3.00 
3.50 
4.00 
4.70 
5.40 
6.40 
7.40 
9.40 
10.30 


U.30 
12.40 
12.80 
13.20 
13.40 
13.70 
13.90 
14.10 
14.80 
14.60 
14.90 
15.20 
15.50 
15.80 
16.00 
16.30 
16.40 
16.40 
16.40 
16.80 
16.20 
16.10 
16.00 
16.00 
16.20 
16.10 
16.20 
16.60 


Mar. 


16.70 
16.60 
16.60 
16.60 
16.90 
16.90 
16.80 
16.80 
16.80 
16.70 
16.70 
16.90 
17.40 
17.30 
17.30 
17.90 
17.80 
17.70 
17.70 
17.80 
18.00 
18.10 
18.10 
19.00 
19.00 
18.90 
21.00 
24.80 
24.80 
24.80 
24.00 


Apr. 


28.90 
23.80 
23.80 
23.80 
23.80 
23.80 
25.10 
25.10 
25.00 
25.00 
25.10 
26.80 
25.60 
25.60 
25.80 
26.00 
26.20 
26.30 
26.40 
26.50 
26.60 
26.60 
26.50 
26.50 
26.50 
26.40 
26.20 
26.00 
25.80 
25.60 


May. 

June. 

July. 

25.30 

2.80 

0.10 

25.00 

1.90 

.20 

24.70 

1.80 

.20 

24.40 

1.60 

.00 

24.10 

1.50 

.00 

23.70 

1.50 

-.10 

23.30 

1.70 

-.20 

22.90 

2.00 

.00 

22.40 

2.20 

.70 

21.80 

2.40 

1.50 

20.90 

2.60 

2.40 

20.10 

2.40 

8.40 

19.20 

2.10 

4.00 

18.00 

1.80 

4.50 

16.90 

1.50 

4.90 

15.50 

1.20 

5.00 

14.20 

.90 

5.00 

13.00 

.50 

4.70 

11.90 

.40 

4.40 

10.80 

.30 

4.00 

9.70 

.00 

8.90 

8.50 

-.10 

3.50 

7.70 

-.20 

3.40 

6.70 

-.30 

3.00 

5.80 

-.40 

3.00 

6.00 

-.40 

2.90 

4.40 

-.40 

2.90 

8.90 

-.40 

2.90 

3.30 

-.20 

2.80 

3.00 

.00 

2.70 

2.50 

2.60 

Aug. 


3.20 
8.00 
8.00 
8.20 
3.60 
4.00 
4.40 
4.50 
4.70 
4.70 
4.70 
4.70 
4.60 
4.60 
4.60 
4.60 
4.40 
4.40 
4.80 
4.20 
4.00 
8.80 
8.80 
2.60 
1.90 
1.30 
.50 
-.10 
-.10 
-.30 
-.60 


Sept. 


-0.70 

-  .80 

-  .50 

-  .50 

-  .50 

-  .80 
.00 
.20 
.80 
.00 

-  .20 

-  .50 

-  .70 
-1.10 
-1.20 
-1.80 
-1.40 
-1.50 
-1.50 
-1.50 
-1.50 
-1.50 
-1.50 
-1.10 

1.10 
-1.10 
l.OO 
1.00 
-1.00 
1.00 


Oct. 


-1.00 

-  .90 

-  .80 
.00 
.60 

1.00 

1.80 

1.60 

1.50 

1.20 

.90 

.70 

.50 

.50 

.50 

.20 

-  .20 

-  .50 
-1.00 
•1.20 
-1.30 
-1.50 
-1.60 
-1.60 
-1.70 
-1.70 

1.70 
-1.80 
-2.00 
-2.10 
-2.10 


Nov. 


-2.10 
-2.10 
-2.10 
-2.10 
-2.10 
-2.10 
-2.10 
-2.10 
-2.10 
-2.10 
-2.10 
-2.10 
-2.10 
-2.10 
-2,10 
-2.10 
-2.10 
-2. 10 
-2,10 
-2.10 
-2.10 
-2.10 
-2.10 
-2.10 
-1.10 
.20 
.80 
1.60 
8.00 
4.40 


Dec. 


4.90 

5.90 

5.80 

5.90 

6.00 

6.30 

6.60 

6.90 

7.00 

7.20 

7.80 

7.40 

7.40 

7.60 

7.50 

9.80 

9.80 

10.20 

10.90 

11.50 

12.00 

12.70 

13.20 

13.80 

14.30 

14.80 

15.20 

15.40 

15.80 

16.00 

16.20 


Rating  table  for  Yazoo  River  at  Yazoo  Cityy  Miss.y  for  1902. 


Gaffe 
hei^t. 

Discharge. 

1     Gage 
'   height. 

Feet. 

Second'feeL 

/krf. 

2.0 

1,830 

1.0 

1 

1.8 

1,870 

1.2 

1.6 

1, 915 

1.4 

1.4 

1,965 

1.6 

—1.2 

2,015 

1.8 

—1.0 

2,065 

2.0 

~     .8 

2,115 

2.2 

—   .6 

2,165 

2.4 

.4 

2,215 

'        2.6 

1 

.2 

2,265 

2.8 

.0 

2,320 

3.0 

.2 

2,380 

3.2 

.4 

2,440 

3.4 

.6 

2,500 

3.6 

.8 

2,660 

3.8 

Discharge. 


Second-feet. 
2,620 
2,690 
2,760 
2,830 
2,900 
2,970 
3,050 
3,130 
3,210 
3,300 
3,390 
3,480 
3,570 
3,660 
3,760 


Gage 
height. 


Feet. 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 
8.0 
8.5 
9.0 
9.5 
10.0 
10.5 
11.0 


Discharge. 


Gage 
height. 


Second-feet. 
3,870 
4,145 
4,440 
4,790 
5,150 
5, 550 
6,000 
6,500 
7,000 
7,500 
8,000 
8,500 
9,000 
9,500 
10,000 


Feet. 
11.5 
12.0 
12.5 
13.0 
13.5 
14.0 
14.5 
15.0 
15.5 
16.0 
16.5 
17.0 
17.5 
18.0 


Discharge. 


Second-feet. 
10,500 
11,000 
11,500 
12,000 
12,500 
13,000 
13,500 
14,000 
14,500 
15,000 
15,500 
16,000 
16,500 
17,000 
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Estimated  numihly  dwcharge  of  Yazoo  River  at  Yazoo  CSlyy  Miss, 

[Drainage  area,  8,580  square  milcM.] 


Month. 


1901. 


January  . . 
February  . 

March 

April 

May 

June 

July 

August  ... 
September 
October. . . 
November 
Decem>)er 


Discharge  In  Hecond-feet. 


Maximum. 


The  year. 


17, 
17, 
15, 
15, 
15, 
8, 
2, 

«, 
8, 
6, 
2, 
10, 


Minimum. 


300 
200  I 
600 
600  I 
600  I 
000 
440  ' 
109 
100 
400 
500 
600 


17,300 


1902. 


January 10, 500 

February 1 5, 600 

March 23,800 

April '  25,600 

May 24,300 

June 3,170 

July 4,440 

August 4,260 

September 2, 410 

October 2,795 

Noveml)er 4,  OJK) 

Decemlxjr 15,200 


The  year. 


1,965 


10,800  , 

15,200  i 

10,800  ' 

11,800  ' 

8,200 

2,350  I 

1,965 

1,965 

2,620 

1,965 

1,870 

2,115 


25,600 


3,390 

10,300 

15,600 

22,800 

3, 170  I 

2,215  j 

2,265  I 

2,165  '• 

1,940  I 

1,810  ; 

1,810  ' 

4,  m)  ] 

1,810 


Mean. 


14,829 

16, 443 

13, 377 

14,043 

13,094 

4,478 

2,181 

3,805 

5,456 

3,327 

2,046 

5,978 


Run-c>(r. 


Second- 
feet  per 
square 
mile. 


8,493 

14,082 

17,448 

24, 477 

14,004 

2,651 

3,281 

3, 578 

2,104 

2,223 

2,023 

9,065 


1.73 

1.92 

1.56 

1.^4 

1.53 

.52 

.25 

.44 

.64 

.39 

.24 

.70 


8,255  1         .96  j 


0.99 

1,64 

2.03 

2.85 

l,6S 

.31' 

.38 

.42 

.25 

.26 

.24 

1.06 


I 


Depth  in 
inchest 


l.fD 
2.00 
1.80 
1.83 
1.76 
.58 

.51 
.71 
.4iS 


27 


81 


8,619  I       1.00 


13.00 

1.14 

1.71 

2.34 

3.18 

1.88 

.35 

.44 

.48 

.2S 

.30 


27 


1.  22 


13.59 
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GREAT  LAKES   DRAINAGE  BASTN. 

Owin^  to  the  irregularity  in  the  general  outline  of  the  Great  Lakes, 
the  drainage  areas  in  this  section  have  not  been  arranged  in  regular 
geographical  order.  The  general  plan  of  arrangement  is  from  east  to 
west,  although  the  report  is  properly  divided  by  States,  viz,  Ohio, 
Michigan,  and  Wisconsin. 

MAUMEE    RIVEB  DRAINAGE    BASIN. 

Maumee  River  is  formed  by  the  junction  of  St.  Joseph  and  St. 
Marys  rivers  near  Fort  Wayne,  Ind.,  and  flows  in  a  northeasterly 
direction  through  Ohio,  emptying  into  Lake  Erie  at  Toledo.  The 
southern  part  of  the  basin  is  flat,  the  northern  part  gently  rolling 
and  hill^"  in  places.  Formerly  the  hilly  section  was  covered  with 
timber;  but  all  the  best  has  been  cut,  leaving  a  section  of  scrub  timber, 
with  occassional  faiins  cleared  and  cultivated.  At  the  station  the  bed 
of  the  stream  is  rocky  and  the  current  sluggish,  the  fall  being  only 
1.1  feet  per  mile  on  an  average.  Two  dams  have  been  built  on  the 
Maumee — one  at  Defiance,  to  supply  water  for  the  Ohio  State  canals, 
and  one  at  Grand  Rapids,  for  furnishing  water  power.  Blanchard  and 
Ottawa  rivers  unite  a  short  distance  below  Ottawa  and  form  Auglaize 
River,  which  empties  into  the  Maumee  at  Defiance,  Ohio.  The  fol- 
lowing gaging  stations  were  maintained  in  this  drainage  basin  during 
1902  by  the  United  States  Geological  Survey,  under  the  direction  of 
Benjamin  H.  Flynn;  on  the  Maumee  River  at  Waterville;  on  Blanchard 
River  at  Ottawa;  on  Ottawa  River  at  Lima. 

The  data  collected  at  these  stations  during  1902  are  given  on  the 
following  pages. 

MAUMEE   RIVER  AT   WATERVILLE,  OHIO. 

A  station  was  established  on  this  river  by  H.  A.  Pressey  and  B.  H. 
Flynn,  November  19,  1898.  It  is  located  at  the  highway  bridge  near 
Waterville,  the  gagings  being  made  on  the  dowjistream  side  of  the 
bridge.  Zero  of  gage  is  on  the  left  bank,  marked  by  a  nail  in  the 
guard  rail.  The  wire  gage  is  referred  to  a  bench  mark  cut  in 
the  upstream  side  of  the  abutment  on  the  left  bank  of  the  river.  The 
elevation  is  25.2  feet  above  gage  datum.  This  is  the  lowest  place  on 
the  river  at  which  gagings  can  be  made  without  being  affected  by  back- 
water from  the  lake.  The  observer  is  J.  E.  Harper,  station  agent  at 
Waterville,  Ohio.  No  measurements  were  made  at  this  station  during 
1902,  and  gage  heights  were  taken  only  for  a  part  of  January. 
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BLANCHARD   RIVER  AT  OTTAWA,   OHIO. 

This  station  was  established  November  22,  1902,  by  Benjamin  H. 
Flynn.  It  is  located  at  the  Cincinnati,  Hamilton  and  Dayton  Kailroad 
bridge  in  the  town  of  Ottawa,  Ohio.  The  upper  portion  of  the  gage 
is  inclined  and  graduated,  so  as  to  read  directly  to  feet  and  tenths. 
The  lower  portion  of  the  gage  is  vertical  and  graduated  to  feet  and 
tenths.  It  is  spiked  to  a  stake  driven  inijo  the  ground.  The  initial 
point  of  sounding  is  on  the  right  bank  of  the  river.  The  river  is 
straight  for  200  feet  above  and  500  feet  below  the  station.  The  right 
bank  is  high  and  does  not  ovei'flow.  The  left  bank  is  low  but  seldom 
overflows,  as  the  water  is  confined  by  the  railroad.  The  bed  of  the 
stream  is  firm  gravel,  with  mud  along  the  banks.  The  current  is  slug- 
gish. The  bench  mark  is  the  upper  of  two  parallel  marks  cut  in  the 
east  end  of  the  south  main  pier  of  the  bridge;  elevation,  14.0  feet 
above  the  zero  of  the  gage.  The  observer  is  C.  W.  Ewing,  who  reads 
the  gage  twice  daily. 

The  following  discharge  measurements  were  made  during  1902: 

November  22:  Gage  height,  2.65  feet;  discharge,  332  seoond-feet. 
December  23:  Gage  height,  9.80  feet;  discharge,  1,845  second-feet. 

Daily  gage  height^  in  feet,  of  Blanckard  River  at  OUawa,  Ohio. 


*Day. 

Nov. 

Dec. 

Day. 

Nov. 

Dec. 

Day. 

Nov. 

Dec 

1902.            i 
1 , 

i 
2.98 
2.88 
4.86 
7.68 
7.60 
5.90 
3.25 
2.65 
2.80 
2.80 
2.80 

1902. 
12 

3.12 
4.90 
4.70 
4.88 
7.85 

11.82 
9.72 
7.50 
6.05 
8.65 

10.60 

1902. 
28 

1.-J0 
.85 
.78 
.45 
.42 
.45 
.56 

2.10 

9.72 

2 

13 

24 

7  68 

3 1 

14 

25 

6.25 

4 ; 

15 

26 

3.10 

1 
6 

16 

27 

2.38 

6 ' 

17 

28 

2.60 

7 ! 

18 

29 

2.60 

8 

19 

80 

2,50 

9 

20 

31 

2.60 

10 

21 

" 

11 ' 

22 

2.65 

1 

OTTAWA   KIVER  NEAR  LIMA,  OHIO. 

• 

This  stacion  was  established  November  21,  1902,  by  Benjamin  H. 
Flynn.  It  is  located  on  the  highway  bridge,  2^  miles  east  of  Lima, 
Ohio.  The  gage  is  a  plain  staflf  graduated  to  feet  and  tenths.  It  is 
spiked  to  the  face  of  the  abutment,  and  is  read  daily  by  Edward  King. 
Discharge  measurements  are  made  by  wading.  The  channel  is  straight 
for  about  250  feet  above  and  500  feet  below  the  station.  The  banks 
are  both  high,  and  overflow  only  in  times  of  extreme  floods.  The  bed 
of  the  stream  is  rocky.  Tl^e  bench  mark  is  a  cut  in  the  downstream 
face  of  the  left  abutment;  elevation,  8.0  feet  above  the  zero  of  the 
gage. 
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During  1902  the  following  discharge  nieasurementd  were  made: 

November  21 :  Gage  height,  2.65  feet;  dischai^,  56  second-feet. 
December  22:  Gage  height,  3.60  feet;  discharge,  320  second-feet. 

Daily  gage  height^  in  feet ^  of  (Htatra  River  at  Lima,  OhU). 


Day. 

Nov. 

Dec. 

12.... 
18.... 
14 

Day. 

Nov. 

Dec. , 

1 

Day. 

Nov. 

2.60 
2.45 
2.40 
2.85 
2.85 
2.30 
2.85 
2.60 

Dec. 

1 .. 

1902.      { 

2.65 

1902. 



1 

2.90 

8.00 

2.90  ' 

3.50 

4.60 

4.10 

3.80 

8.30 

3.00 

3.00 

3.60 

1 

23... 

1902. 

3.46 

2 1 

2.55 

3.60 

3.40 

3.05 

2.75 

2.70  . 

2.60 

2.65  \ 

2.55 

2.70  ' 

1 

24... 

3.50 

8 1 

25... 

8.80 

4 ' 

16 

26... 

8.16 

5 

16 

27... 

2.96 

6.. 

17 

28... 

2.85 

7 

18 

29 

2.76 

8 

19.... 

30 

2.76 

9 

20. . . . 

31... 

2.75 

10 

21.... 

2.65 
2.60 

11 

22.... 

HYDROGRAPHIC  ITCATURES  OF  MICHIGAN. 

With  the  exception  of  a  small  area  in  the  region  of  the  Lac  Vieux 
Desert,  on  the  Wisconsin-Michigan  boundary,  the  entire  drainage  of 
the  State  of  Michigan  i^  tributary  to  the  Great  Lakes  system.  The 
State  contains  slightly  over  one-third  of  the  aggregate  drainage 
tributary  to  the  Lakes  north  of  Lake  Erie.  The  climate  of  both 
peninsulas,  surrounded  as  they  are  by  these  great  water  bodies,  is 
undoubtedly  tempered  and  modified  by  the  influence  of  the  Great 
Lakes,  which  produces  certain  insular  characteristics. 

Land  and  wcUer  turf  ace  of  Michigan  in  the  netHral  (ireat  Lttke  batdntt^  in  square  milea.^ 


Lake. 


Superior - 
Michigan 
Huron  .. 
St.  Clair . 
Erie 


Total  land 
draiued. 


Land  in 
Michigan. 


Total  water 
area. 


48,600  I 
45,700 
52,100 
6,320 
24,480 


7,860 

28,500  I 

16,700  I 

2,160  i 

2,290 


31,800 
22,400 
23,200 
495 
10,000 


Water  In 
Michigan. 


} 


16,653 

12,922 

9,925 

460 


a  U.  S.  Deep  Waterways  Commission,  1896,  and  U.  S.  Land  Survey,  1900. 


The  streams  of  the  State  are  of  commercial  importance  for  pui^wses 
of  agriculture,  public  water  supply,  water  power,  lumbering,  and 
navigation.  The  natural  drainage  has  been,  however,  generally  unfa- 
vorable to  agriculture,  the  enormous  natural  marsh  and  swamp  areas 
rendering  much  of  the  best  land  unfit  for  cultivation  in  its  natural 
state.     Out  of  the  total  of  57,530  square  miles  of  land  surface  there 
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were,  in  1901, 15,422  square  miles  of  improved  farm  lands;  that  is,  an 
average  throughout  the  State  of  26  per  cent  of  the  total  area  was 
under  cultivation.  In  the  southern  four  tiers  of  counties  of  the  Lower 
Peninsula  the  percentage  of  the  total  area  now  tillable  is  very  much 
greater,  the  ratio  gmdually  decreasing  to  the  north  of  Saginaw  Bay 
and  becoming  almost  nil  for  a  large  portion  of  the  Upper  Peninsula. 
In  the  southern  four  tiers  of  counties  a  large  portion  of  the  land  now 
under  cultivation  lies  in  basins  which  have  been  artificially  drained. 
This  drainage  comprises:  (1)  The  cutting  of  artificial  channels  to  draw 
off  the  surplus  ground  waters  into  the  streams;  (2)  dredging,  cleaning, 
and  removing  beaver  dams  and  other  obstructions  from  natural  stream 
tributaries  and  water  courses,  thereby  lowering  their  water  level  and 
with  this  the  water  horizon  in  the  adjoining  land. 

The  flat  topogi^aphy,  the  original  forest-covered  condition,  and  the 
sluggish  character  of  the  streams  have  all  been  conducive  to  the  silt- 
ing up  of  channels  and  their  obstruction  by  logs  and  drift,  and  they 
have  also  rendered  easy  the  flooding  of  large  tracts  and  the  formation 
of  beaver  meadows  before  settlement  began.  Hundreds  of  miles  of 
drainage  channels  have  been  cut  or  cleared  in  many  of  the  southern 
counties  within  the  past  fifty  years.  The  result  has  been  an  extremely 
important  change  in  the  hytirography  of  the  State.  The  effect  of  thus 
drawing  off  more  rapidly  the  surface  waters  and  surplus  ground  water 
has  undoubtedly  been  to  increase  the  maximum  and  to  decrease  the 
minimum  flow.  Whether  or  not  a  gradual  decrease  in  the  total  annual 
yield  of  the  streams  has  taken  place  can  not  be  stated.  It  is  possible 
that  the  total  run-off  of  many  basins  has  actually  increased,  because  of 
the  smaller  water  surface  exposed  to  evaporation  and  the  greater 
facility  with  which  the  water  reaches  the  streams.  The  value  of  the 
streams  for  water  power  has  probably  been  greatly  diminished. 

The  settlers  of  this  region  were  largely  from  the  Eastern  States. 
Comparing  these  streams  with  those  of  the  northeastern  Appalachian 
region,  it  is  observed  that  they  are  relatively  constant  in  flow,  in  spite 
of  the  detrimental  influence  of  drainage.  The  streams  are  comx>ara- 
tively  few  and  yield  small  annual  run- off,  on  account  of  the  relatively 
low  rainfall  and  the  high  evaporation  induced  by  the  flat,  sandy  soil 
and  the  cultural  conditions.  Storage  reservoirs  in  the  Lower  Penin- 
sula are,  with  few  exceptions,  unfeasible. 

The  interests  of  agriculture  and  navigation  have  always  been  con- 
sidered paramount  to  those  of  water  power.  No  mill  acts  have  been 
passed  and  no  legislative  efforts  have  been  made  to  encourage  the 
utilization  of  the  power  of  the  streams^.  Inland  rivers  are  to-day  of 
little  importance  to  navigation.  A  lock  system  on  St.  Joseph  River 
was  abandoned  many  years  ago.     Saginaw,  Kalamazoo,  Muskegon, 

a  A  law  passed  in  1887  granting  to  waterpower  companies  the  power  of  eminent  domain,  enabling 
them  to  condemn  land  for  flowage,  ha«  been  declared  unconstitutional  by  the  Supreme  Court. 
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Manistee,  and  Thunder  Bay  rivers,  Grand  River  below  Grand  Rapids, 
and  other  rivers  are  utilized  as  harbors  and  for  navigation  near  their 
outlets.  Cheboygan  River  and  a  system  of  lakes,  extending  nearly 
across  the  northwestern  Lower  Peninsula  from  Cheboygan  to  Petoskey , 
form  a  navigation  route  still  extensively  utilized,  about  20.000  pas- 
sengers being  carried  during  the  summer  season  each  year. 

Probably  the  most  important  use  made  of  the  streams  has  been  in 
connection  with  lumbering  operations.  The  following  table  shows  the 
extent  of  log  rafting  on  a  few  of  the  more  important  rivers: 

Amount  of  timfter  floated  on  Michigan  Mream». 


stream. 


Average  num- 
ber of  feet  of  logs 
now  scaled  per 
year.« 


75, 000, 000 


Manistee  River 

Cheboygan  River 35,000,000 

Menominee  River i  250,000,000 

I 

Eficanaba  River I  55,000,000 

Au  Sable  River ^55, 000, 000 


Manistiqne  River 


60,000,000 


«  Axnonnt  ten  to  twenty  years  ago  much  greater.    Amount  now  rapidly  decreasing  in  most  cases. 
b  lucludes  logs  brought  by  rail. 

For  purposes  of  water  supply  the  streams  are  of  less  importance 
than  in  raany  States.  Their  fall  is,  as  a  rule,  so  slight  that  gravity 
supplies  can  not  be  obtained.  Owing  to  the  superficial  topography  of 
the  Pleistocene  deposits,  the  great  depth  of  drift,  and  the  topography 
of  the  rock  horizons  underneath,  excellent  and  abundant  artesian 
water  can  be  obtained  in  most  sections  of  the  State,  and  especially  in 
the  lake  coast  region,  where  the  larger  towns  are  located.  The  Great 
Lakes  themselves  also  afford  water  of  suitable  quality  for  public  use 
when  required. 

I*ublic  ivater  itupply  systonn  in  Michigan.  ^^ 


Sourre. 


Artesian  and  shallow  wells. 

Streams,  riven? 

Great  Lakes 

Springs 


Number. 

80 

42 

31 

6 


System. 


Pumping 
Gravity  . 


Number. 


Total 


I 


155 
4 

159 


((Manual  ol  American  Waterworks,  M.  N.  Baker,  1897. 

In  behalf  of  navigation  a  statute  has  be^Mi  enacted  and  embodied  in 
the  State  highway  laws  requiring  a  franchise  to  be  obtained  from  the 
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county  board  of  supervisors  before  the  erection  of  a  dam  can  be  under- 
taken on  any  public  stream.  Inquiries  have  been  received  from  those 
interested  in  water-power  projects  a^  to  the  proper  method  of  pro- 
cedure.    A  copy  of  the  law  is  given  below: 

I.AW  OF   DAM  CONSTRUCTION   ON   MICHIGAN    STREAMS.** 

§  2495.  Skc.  22.  Whenever  any  person  or  persons  or  any  incorporation  shall  wish 
to  construct  a  dam  across  any  such  stream  as  is  mentioned  in  the  preceding  section, 
such  i)er8on  or  persons  or  incorporation  shall  present  to  the  board  of  supervieore,  or 
file  with  their  clerk,  to  be  pre.sente<i  to  them  at  their  next  meeting,  a  petition  pray- 
ing for  leave  to  construct  such  dam,  and  setting  forth  the  purpose,  location,  height, 
and  description  of  such  dam,  and  whether  it  is  proposed  to  construct  a  look  or  chute 
or  apron,  and  of  what  description,  for  the  passage  of  boats,  vessels,  rafts,  or  timber; 
and  before  the  same  shall  be  heard  and  determined  bv  such  board  it  shall  be  made 
to  appear  to  the  l)oard  that  notice  of  such  application,  signed  by  the  p)etitiouer8,  and 
stating  substantially  the  contents  of  such  petition,  has  l)een  published  in  some  news- 
paper printed  in  each  county  through  which  such  streams  run,  if  there  be  a  news- 
I)aper  published  in  such  county,  and  also  in  one  newspaper,  at  least  three  weeks 
previous  to  the  hearing  of  such  application,  publi8he<l  in  the  city  of  Detroit;  and  on 
such  hearing  any  person  or  persons  shall  be  heard  in  favor  of  and  in  op]x>sition  to 
the  prayer  of  the  petition;  and  such  lx)ard  may  adjourn  such  hearing  to  any  other 
time  or  place,  and  they  umy  grant  or  refuse  the  prayer  of  such  petition.  And  the 
determination  shall  In?  entered  at  length  upon  the  record  of  said  board.  And  if  such 
board  shall  allow  the  said  dam  to  Ih»  constructed,  the  petitioner  shall  be  at  liberty  to 
construct  the  same  by  complying  tuUy  with  the  terms  and  conditions  set  forth  in 
their  petition;  and  after  having  obtained  such  right  and  constructed  such  dam,  such 
petitioners,  their  heirs,  successors,  or  assigns,  may,  if  such  dam  be  destroyed  or 
decayed,  construct  a  new  dam,  subject  to  all  the  same  terms  and  conditions,  on  the 
same  site,  without  again  applying  to  such  lM)anl:  Provided^  That  nothing  in  this  act 
contained  shall  be  construed  as  giving  to  such  board  of  supervisors  any  power  to 
grant  the  right  to  any  i>er8on  or  person.s  or  corporation  to  flow  or  in  any  manner  to 
take  or  injure  the  lands  of  any  person  or  |H*rsons  l)y  or  in  conse<pience  of  constructing 
such  dam. 

The  petition  under  this  section  nmst  set  forth  in  detail  the  whole  plan  of  the  pro- 
posed dam  and  the  capacity  and  character  of  any  chute  or  passage  to  be  constructed 
therein;  so  that  by  means  of  the  notice  all  i)erson.s  interested  may  l)e  informe<i,  in 
advance  of  the  hearing;,  of  the  precises  nature  of  the  i)roject,  and  l)e  euableii  to  judge 
of  the  nature  and  extent  of  the  obstruction.  Nor  can  the  resolution  of  the  board 
supply  details  and  faf;ts  retjuired  to  l)e  set  forth  in  the  jwtition  as  a  Imsis  for  their 
power  to  act.     (Powers  r.  Iri.sh,  23  Mich.,  429.) 


a  From  Law'.s  and  Supreme  Court  l)4'cisi«)ns  RelatiuK  to  Highways  and  Bridgttft,  published  by  «?>cr^ 
tary  of  slato  of  Michigan,  1900,  p.  157. 
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WATER   POWER   IN   USE   IN   MICHIGAN,  1900. 

The  water  power  has  been  most  extensively  used  for  flour  milling  and 
lumbering  purposes.  The  total  horsepower  of  water  wheels  installed, 
as  reported  by  the  United  States  Census  of  1900,  is  given  below: 

WcUer  power  in  use  in  Michigan^  1900. 


Industry. 


I     Horee- 
'     power. 


20 


Brick  and  tile I 

Hosier}'  and  knit  goods : 

Chemicals 

Explosives 

Lumber  and  sawmill  and  lum-  j 
ber  products '      6,746 

Flour  and  grist  mills i     19, 866 


Industry 


Paper 

257  I   Silk  and  silk  goods 

1,000      Agricultural  implements. 

Shipbuilding 

Iron  and  steel 

Printing  and  publishing . 


150 


Carriages  and  wagons 


60 


Total 


Horse- 
power. 


11,627 
200 
152 

65 
150 

52 

40,345 


Lake  Superior  affords  a  most  valuable  water  power  resource  at  Sault 
Ste.  Marie. 

HYDROGRAPHIC   FEATURES   OF   THE   UPPER   PENINSULA. 

The  hydrography  of  the  Upper  Peninsula  differs  from  that  of  the 
Lower  Peninsula  in  the  greater  extent  of  forest  and  untitled  lands,  the 
absence  of  artificial  drainage,  the  precipitous  watersheds  with  a  large 
per  cent  of  rock  outcrop,  and  the  rapid  fall  of  the  streams.  Little 
water  power  has  been  developed.  Since  the  advent  of  successful  elec- 
tric transmission,  attention  has  been  devoted  to  the  utilization  of  the 
natural  power  resources  for  general  mining  purposes  and  for  air  com- 
pression for  mine  supply.  Use  has  been  made  of  many  streams  to 
supply  the  launders  of  copper  stamp  mills.  One  of  these  mills  often 
requii-es  as  much  water  for  ore  washing  and  transport  as  would  be 
needed  for  the  municipal  supply  of  a  large  city. 

DKAD   RIVER  DRAINAGE   BASIX. 

Dead  River  lies  in  Marquette  County,  Upper  Peninsula,  Michigan, 
and  flows  into  Lake  Superior.  The  drainage  basin  is  rugged,  precipi- 
tous, and  for  the  most  part  timber  covered.  The  soil  is  sandy  and  is 
underlain  with  rock>  which  forms  the  bed  of  the  stream  throughout 
its  lower  course.  The  only  storage  reservoir  of  importance  is  Silver 
Lake,  with  an  area  of  1,600  acres,  and  capable  of  draft  to  a  depth  of 
10  feet.  This  and  one  other  lumbermans'  dam  on  tiie  stream  are  con- 
trolled by  the  South  Arm  Lumber  Company.  The  lower  basin  is  nar- 
row.    The  greater  portion  of  the  drainage  are>a  lies  above  The  Hoist, 
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about  14:  miles  from  the  mouth  of  the  river.  The  fall  in  the  lower 
reaches  of  the  stream  is  very  rapid.  The  aggregate  descent  is  stated 
to  be  850  feet  in  a  distance  of  10  miles.  The  most  notable  pitches, 
beginning  at  the  mouth  of  the  stream,  are  as  follows: 

Lake  Superior  Powder  Company,  near  Marquette,  about  20  feet  fall. 

The  Valley  Flour  Mill,  18  feet  fall,  4  miles  from  mouth. 

Marquette  electric-light  plant  utilizes  85  feet  fall,  but  has  a  total  fall  of  112  feet,  6 
feet  fall  above  the  present  dam  and  18  feet  below  the  tailrace  remaining  undeveloped; 
rated  capacity  of  turbines,  1,000  horsepower.  The  electric  current  generated  is 
transmitted  to  Marquette,  a  city  of  10,000  population,  situated  on  the  shore  of  Lake 
Superior,  6  miles  distant 

From  2  to  5  miles  above  Forestville  are  rapids  aggregating  two  available  falls  of 
100  feet  each,  owned  by  J.  M.  Longyear,  of  Marquette. 

At  The  Hoist,  about  8  miles  north  from  Negaunee  and  Ishpeming,  is  a  fall  of  110 
feet,  owned  by  the  Oliver  Iron  Mining  Company.     , 

The  drainage  area  has  been  estimated  from  a  map  of  the  CleA'eland- 
Cliffs  Iron  Company-,  as  follows: 

Draiiuige  aredJtj  Dead  River. 


1  I 

Ixx^ation.  Square  miles.,  Increment. 


'  I 

Alx) ve  The  Hoist ;  1 26.  3 

Above  Forestville I  141. 9 

Above  mouth 165. 5 


15.6 
23.6 


The  mean  annual  precipitation  in  the  vicinity  of  Marquette  is  stated 
to  be  32  inches. 

Dead  River  is  not  a  large  stream,  but  owing  to  its  great  fall,  ib^ 
well-sustained  flow,  and  it<  location  near  important  mining  centers,  it 
attains  unusual  economic  importance. 

DEAD   RIVER  AT   THE   HOIST,  NEAR  NEGAUNEE,  MICH. 

July  10,  1902,  a  gaging  record  was  started  at  The  Hoist  under  the 
direction  of  Frank  Drake,  chief  engineer  of  the  Oliver  Iron  Mining 
Company,  Duluth,  Minn.  A  suitable  cross  section  was  selected  and  a 
cableway  of  91  feet  span  was  erected  across  the  stream  about  700  feet 
south  of  the  lumbermen's  dam.  The  gaging  station  is  located  in  the 
northeast  portion  of  T.  48  N.,  R.  27  W.  The  stage  of  the  stream  is 
observed  daily  and  current-meter  discharge  measurements  are  made 
from  time  to  time.  The  hydrographic  work  has  been  done  by  C.  G. 
Mason,  E.  M.,  acting  in  cooperation  with  the  United  States  Geological 
Survey.  The  bed  of  the  stream  is  rock  and  the  velocity  of  the  current 
relatively  high.  These  features,  together  with  the  location  just  below 
a  dam,  tend  to  keep  the  gaging  section  open  during  winter. 
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Discharge  measurements  of  Dead  River  at  The  HoUt,  near  Negaunee^  Midi. 


Date. 


Hydrographer. 


Gage  height. 


Discharge. 


1902. 


C.  (t.  Mason, 
do 


July  11 

Julv20 

September  26 do 

October  2 do 

October  6 do 

October  31 !  Savicki  and  Mason 

November  20 C.  G.  Mason 


Feci. 

1 
SeconcL-feet. 

10.70 

140 

10.60 

105 

10.60 

105 

10.55 

88 

10.50 

86 

10.80 

176 

11.05 

234 

Daily  gage  height,  in  feet ,  of  Dead  River  at  The  Hoist,  near  Negaunee,  Mich. 


Day. 


July. 


1902. 


Aug.    '  Sept,       Oct 


Nov. 


7. 

8. 

9. 

10. 


10.75 


11 10.70 

VI '  10.65 

13 '  10.65 

H 10.60 

15 ;  10.60 


16. 

17. 

18. 

19. 

20. 

21. 
•» 

23. 
24. 
25. 
26. 
27. 
28. 
2Q. 
30. 


10.60 
10.65 
10.60 
10.55 
10.60 
10.60 
10.60 
10.60 
10.65 
10.65 
10.75 
10.70 
10.  &5 
10.60 
10.60 


31 10.60 


10.60 

10.60 

10.60 

10.60 

10.65 

10.65 

10.60 

10.55 

10.60 

10.55 

10. 55 

10.55 

10.55 

10.55 

10.55 

10.56 

10.60 

10.60 

10. 75 

10. 75 

10.70 

10.70 

10.65 

10.65 

10.65 

10.60 

10.60 

10.60 

10.65 

10.65 

30. 75 


10.70 

10.70 

10.75 

10.80  I 

10.75 

10.75 

10.70 

10.70 

10.70 

10.65 

10.65 

10.65 

10.65 

10.60 

10.60 

10.60 

10.65 

10.65 

10.60 

10.60 

10.65 

10.65 

10.70 

10.60 

10.60 

10.60 

10.60 

10.55 

10.55 

10.55 


10.55 
10.55 
10.55 
10.55 
10.50 
10.50 
10.50 
10.65 
10.55 
10.55 
10.55 
10.60 
10.65 
10.70 
10.80 
10.70 
10.55 
10.60 
10. 55 
10.56 
10.60 
10.75 
10.85 
11.40 
11.45 
11.40 
11.10 
11.0) 
10.90 
10.80 
10.80 


10.80 
10.85 
10.95 
10.80 
10.80 
10.75 
10.70 
10.65 
10.70 
10.65 
10.65 
11.20 
11.25 
11.55 
11.05 
10.80 
11.05 
10.85 
10.85 
11.05 
10.70 
10.70 
10.75 
10.70 
10.65 
10.60 
10.60 
10.60 
10.55 
10.60 


Dec. 


10.60 
10.55 
10.90 
10.80 
10.75 
10.80 
10.85 
10.70 
10.65 
10.60 
10.60 
10.56 
10.55 
10.50 
10.60 
10.56 
10.55 
10.60 
10.60 
10.50 
10.45 
10.45 
10.60 
10.80 
10.90 
10.70 
10.65 
10.50 
10.50 
10.46 
10.46 


CARP  RIVER  DRAINAGE  BA8IN. 

CaiT)  River,  situated  in  Marquette  County,  Upper  Peninsula,  Mich- 
igan, drains  a  diversified  area  of  sand  and  rock,  mostly  wooded,  and 
with  little  cultivated  land.     The  percentage  of  swamp  area  is  probably 
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less  than  for  most  streams  of  this  locality.  There  are,  however,  a 
number  of  lakes  in  the  region  of  the  headwaters,  aggregating*  {>erhaps 
3  square  miles  of  water  surface.  From  Teal  Lake  is  pumped  the 
water  supply  of  Negaunee,  the  stated  average  consumption  being  1.25 
second-feet  per  day.  From  Lake  Sally  is  drawn  by  gravity  the  supply 
of  Ishpeming,  the  average  dail}'  consumption  being  stated  at  1.4  sec- 
ond-feet. 

The  stream  enters  Lake  Superior  at  Carp  River  furnace,  1  mile 
south  of  Marquette.  A  series  of  rapids  occurs  in  the  stream  a  .short 
distanc^e  above  its  mouth,  where  a  large  fall  can  be  developed. 

CARP   RIVER   NEAR   MARQUETTE,  MICH. 

A  weir  was  erected  500  feet  above  the  mouth  of  the  stream  by  the 
Cleveland-Cliffs  Iron  Companj^  and  the  daily  gage  record  was  started 
July  5,  1902.  The  gage  readings  have  been  furnished  bj''  Noah  Gray, 
superintendent  of  the  furnace.  The  weir  has  a  level  crest  10.04:  feet 
in  length,  with  two  end  contractions.  The  water  jflows  over  a  sharp 
edge  or  crest  lip,  but  falls  on  a  nearly  horizontal  apron  at  a  slightly 
lower  level  on  the  downstream  side.  In  order  to  calculate  the  dis- 
charge of  the  nappe  as  modified  by  the  apron,  the  weir  formula  of 
Bazin,  using  coeflScients  from  experiment  series  No.  142,  has  been 
used.  During  high  stages  of  the  stream,  the  water  also  flows  over 
the  flashboards  forming  the  wings  of  the  weir.  The  gage  is  attached 
vertically  to  a  framework  16  feet  upstream,  and  the  same  distance  to 
the  left  of  the  weir  crest. 

The  following  discharge  measurements  were  n  ade  at  the  highway 
bridge  at  the  mouth  of  the  stream: 

Dittrhnrf/f  uh'ttsntrementif  of  Chrj)  Hirer  nettr  Marquelte.^  Mich. 


iDischarfTcby 
l>Hie.  ,(tHKe  heljfht '     ourrent 

'       meter. 


Calcnlftt^ 
dischanre 
over  weir. 


1902. 

Septeralxir  8 

Octol)er80 


1..59 
1.71 


Sntmd-fceL 
68.0 
78.9 


S^rattfi-feet. 
68.1 
75.  7 


The  gage  datum  is  referred  to  the  east  mil  of  the  Duluth,  South 
Shore  and  Atlantic  Railroad  at  the  tramroad  crossing. 

Feet. 
Elevation  of  l)ench  mark 100.  00 

Crest  of  weir 96.  28 

Zero  of  gage 96.  28 

The  dminage  area  above  Eagle  Mills  is  60  square  miles;  above  the 
mouth,  at  Marquette,  it  is  86  square  miles. 
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Mean  daily  dischargey  in  second-feetf  of  Carp  River  at  AfarquetU,  Mich. 

[Drainage  area,  86  square  miles.] 


Day. 


1 

1902. 

2 

3 

4 

5 

6 

132 

7... 

160 

8 

173 

9 

173 

10 

160 

11 

107 

12 

80 

13 

59 

14 

54 

52 

16 

50 

47 

18 

47 



42 

20 

"'"     *  ■' *** 

42 

40 

22 

39 

23 

38 

24 

47 

25 

82 

26 

80 

27 

G9 

28 

01 

29 



54 

30 

54 

49 

Mean 

76 

Sept.   I    Oct. 


Nov. 


47 

52 

38 

47 

50 

38 

42 

50 

39 

40 

52 

89 

38 

56 

38 

39 

66 

38 

39 

71 

39 

38 

61 

38 

38 

60 

36 

37 

56 

3!) 

36 

52 

•34 

34 

47 

34 

34 

42 

44 

34 

40 

M 

34 

40 

47 

34 

40 

47 

34 

38 

52 

34 

38 

53 

Dec. 


51 
47 
47 
45 
42 
40 
38 
34 

32 
30 
32 
47 

39 


38 
38 
38 
38 
39 
38 
38 
38 
38 
37 
37 
37 


54 
50 
51 
50 
52 
79 
82 
79 
78 
77 
75 
69 


45 


51 


61  ' 
61, 

61 
61  j 
59  ■ 
56  I 
52  I 
52 
47 

-; 

71  I 
104 
218 
178 
169 
178 
178 
173 
173 
169 
151 
143 
Ido 
110 

87 

77 

71 

71 

66 
«  61 


56 
54 
62 
52 
50 
47 
47 
45 
44 
42 
42 
41 
41 
41 
41 
41 
40 
40 
40 
88 


(«) 


105 


45 


a  No  record  December  21  to  31. 


Estimated  monthly  discharge  of  Carp  River  at  Marqiietie,  Mich. 

[Drainage  area,  86  w)uare  miles.] 


Month. 


1902. 

July 

Au^st 

September 

October 

November 

December 


Discharge  In  second-feet. 


Run- off. 


Maximum. 


173 
51 
71 
82 

218 
56 


Minimum. 


38 
30 
37 
34 
47 
38 


MeHU. 


Second- 
feet  per 
square 
mile. 


Depth  in 
inches. 


76  I 
39  ! 
45  ' 
51 
105 
45 


0.89 
.46 
.53 
.60 

1.23 
.53 


1.03 
.53 
.59 
.69 

1.37 
.61 
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MEI^OMINEE  RIVER  DRAINAGE  BASIN. 

Menominee  River  forms  the  dividing  line  between  Wisconsin  and 
the  Upper  Peninsula  of  Michigan.  It  is  formed  by  the  junction  of 
Brule  River  and  Michigamme  River  in  T.  41  N.,  R.  30  W.  It  flows 
thence  in  a  general  southeasterh^  direction,  entering  Lake  Michigan 
in  Green  Bay  at  Marinette.  Its  total  dminage  area  is  approxiniately 
4,000  square  miles,  of  which  1,450  square  miles  lie  in  Wisconsin  and 
2,250  square  miles  in  Michigan. 

The  headwaters  of  Brule  River  are  in  a  region  in  northern  Wiscon- 
sin interspersed  with  almost  innumerable  small  lakes;  but  few  of  the^e 
are  tributary  to  the  Menominee  River.  The  larger  portion  of  the 
drainage  comes  from  an  elevated  plateau,  extending  from  the  head- 
waters of  Michigamme  River,  at  an  elevation  of  about  1,750  feet  and  at 
a  distance  of  12  miles  from  Keweenaw  Bay,  Lake  Superior.  Thijj 
upland  slopes  gradually  to  the  southeast.  The  river  is,  however,  fre- 
quently interrupted  in  its  southeasterly  course  by  encountering  bar- 
riers of  rock  strata,  along  which  it  flows,  either  to  the  north  or  to  the 
south,  until  an  outlet  is  reached.  In  its  upper  reaches  the  river  flows 
over  metamorphic  base  rock  of  granite,  gneiss,  and  schist.  Below  the 
mouth  of  Pike  River  it  crosses  Potsdam  sandstone  for  about  10  miles 
and  thence  flows  across  magnesian  and  Trenton  limestone  for  about  28 
miles  to  its  mouth. 

The  main  tributaries,  beginning  at  the  head,  are  Bois  Brule  or  Burnt 
Woods  River,  called  by  the  Indians  the  Wisacode,  which  in  turn 
receives  the  Iron  and  the  Paint  or  Mequacumecum  River.  Iron  River 
is  elsewhere  described  in  connection  with  gagings  of  that  stream. 
Paint  RSver  is  formed  by  the  junction  of  Net  and  Hemlock  rivers  at 
an  elevation  of  1,400  feet,  and  has  a  fall  of  about  7  feet  per  mile  in  its 
lower  course.  The  basin  of  this  stream,  like  that  of  the  adjoining 
Michigamme  River,  contains  a  large  percentage  of  swamp  area.  The 
topograph}"^  is  rough,  though  not  mountainous.  There  are  numerous 
small  lakes  and  undrained  hollows.  W^ater  power  is  developed  at 
Crystal  Falls  for  municipal  lighting  purposes,  a  fall  of  18  feet  being 
utilized  to  drive  turbines  of  350-horsepower  capacity. 

Michigamme  River,  the  next  large  tributary  from  the  Michigan 
side,  has  a  total  fall  of  about  500  feet.  The  region  about  its  head- 
waters contains  numerous  lake  areas.  The  largest  of  these  is  I^ake 
Michigamme,  which  receives  drainage  from  a  tributary  area  of  J4-0 
square  miles,  and  has  a  water  surface  of  6.5  square  miles.  In  sec.  9, 
T.  41  N.,  R.  31  W.,  occurs  a  precipitous  fall.  Other  tributaries  from 
the  north  are  Sturgeon  and  Little  Cedar  rivera.  The  main  tributaries 
from  Wisconsin  are  Pine,  Pemebonwon,  Pike,  and  W^ausaukee  riv^ers. 
The  drainage  basin  is  largely  timber  covered.  Pine  and  spruce  pre- 
dominate, though  hard  woods  are  also  found.  The  average  annual 
precipitation  over  the  drainage  area  is  stilted  to  be  35  inches.     Owing 
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to  the  rapid  fall  of  the  streams,  sites  for  extensive  storage  reservoirs 
are  rare.  The  river  makes  a  total  descent,  from  its  nominal  head  at 
the  junction  of  Brule  and  Michigamme  rivers  to  its  mouth,  of  about 
700  feet.  This  fall  is  chiefly  concentrated  in  numerous  rapids,  usually 
in  pairs,  the. more  important  of  which  are  described  below.  The  fall 
which  could  be  obtained  by  the  construction  of  dams  will  usually  be 
greater  than  the  natural  descent,  as  stated.  In  some  cases,  a  consid- 
erable length  of  rapids  could  thus  be  concentrated  into  a  single  head. 
Between  the  nominal  head  of  the  river  and  the  entrance  of  Pine  River, 
a  distance  of  14  miles,  the  di^ainage  area  increases  from  1,796  to  1,833 
square  miles.  In  this  region  occur  the  Bad  Water  Rapids,  Twin  Falls, 
and  Pine  River  Falls.  Bad  Water  Rapids,  7  miles  below  the  head  of 
the  river,  give  a  direct  descent  of  5  feet  over  a  granite  or  schist  ledge, 
the  stream  being  100  feet  wide.  This  fall  is  situated  3  miles  upstream 
from  the  Chicago  and  Northwestern  Railroad.  Twin  Falls,  3  to  4 
miles  farther  downstream,  consist  of  two  drops  of  12  feet  each,  located 
in  sec.  12,  T.  40  N.,  R.  31  W.,  Michigan,  near  the  Chicago  and  North- 
western Railroad,  at  an  elevation  of  1,100  feet  above  tide.  Pine  River 
Falls  comprise  a  series  of  rapids,  both  above  and  below  the  mouth  of 
Pine  River,  of  possibly  20  feet  total  fall. 

In  the  stretch  of  18  miles  from  a  point  just  below  Pine  River  to 
the  influx  of  Sturgeon  River,  the  drainage  area  increases  from  2,419 
to  2,538  square  miles.  The  total  fall  is  about  225  feet.  This  section 
includes  Upper  or  Big  Quinnesec  Falls,  Lower  or  Little  Quinnesec 
Falls,  and  Sand  Portage  Rapids.  Both  Upper  and  Lower  Quinnesec 
Falls  are  developed.  The  Upper  or  Big  Quinnesec  Falls,  with  a  head 
of  40  feet,  aflfords  power  to  compress  air  for  the  supply  of  mines  at 
Iron  Mountain,  2  miles  distant.  The  river  at  the  falls  is  1,000  feet 
above  tide,  and  passes  over  a  greenstone  ledge  in  a  very  narrow  gorge, 
broadening  out  below  and  f onning  a  stretch  of  slack  water,  with  a  fall 
of  but  1.25  feet  in  4  miles  to  Little  Quinnesec  Falls.  Big  Quinnesec 
Falls  are  in  sec.  6,  T.  38  N.,  R.  20  E.,  Wisconsin. 

Little  Quinnesec  Falls,  situated  in  sec.  15,  T.  39  N.,  R.  30  W., 
Michigan,  formerly  partially  developed  under  25  feet  head  for  wood 
pulp  grinding,  were  redeveloped  in  1898  by  the  Kimberly  &  Clark 
Company,  for  wood  pulp  and  paper  manufacturing.  A  head  of  64 
feet  is  obtained,  and  turbines  of  5,800  horsepower  have  been  installed. 

Sand  Portage  Rapids  afford  a  total  fall  of  30  to  40  feet,  extending 
over  sand  shoals  of  6  miles,  but  mainly  concentrated  in  a  narrow  sec- 
tion in  T.  39  N.,  R.  30  W.,  Michigan. 

From  below  the  mouth  of  Sturgeon  River  to  a  point  just  below 
Pemebonwon  River,  a  distance  of  10  miles,  the  drainage  area  increases 
from  2,934  square  miles  to  2,993  square  miles.  In  this  stretch  occur 
Sturgeon  Falls,  one-half  mile  below  the  mouth  of  Sturgeon  River,  in 
sec.  22,  T.  38  N.,  R.  21  E.,  Wisconsin.  They  have  high  rock  ledge 
banks,  with  two  pitches  aggregating  perhaps  12  feet  fall. 
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From  below  Pemebonwon  River  to  a  point  just  below  Pike  River,  a 
distance  of  18  miles,  the  drainage  area  increases  from  3,156  square 
miles  to  3,279  square  miles.  The  Pemena,  Chalk  Hill,  and  White 
rapids  occur  in  this  region.  Pemena  Falls,  in  sec.  21,  T.  37  N.,  R.  2S 
E.,  Wisconsin,  about  one-half  mile  below  Pemebonwon,  are  stated  to 
afford  a  total  fall  of  60  feet  in  a  distance  of  2  miles,  with  one  precip- 
itous descent  of  10  feet  over  metamorphic  slaty  schist.  Eight  mileti 
farther  downstream  are  Chalk  Hill  Rapids,  stated  to  afford  8  feet  fall 
in  one-fourth  mile,  over  slate  rock.  Four  miles  abov^e  Pike  River 
occur  White  Rapids,  affording  a  descent  of  about  20  feet  in  3  miles, 
over  gravel  and  bowlders. 

From  below  the  inflow  of  Pike  River  to  a  point  just  below^  Little 
Cedar  River,  a  distance  of  22  miles,  the  drainage  increases  from  3,566 
to  3,792  square  miles.  Opposite  the  mouth  of  Little  Cedar  River 
Grand  Rapids  are  formed  by  a  descent  over  a  hard  Trenton  limestone, 
underlain  by  softer  strata.  They  have  a  total  fall  stated  at  25  feet  in 
a  length  of  3  miles. 

From  below  Little  Cedar  River  to  the  mouth  of  the  stream,  22  miles, 
the  drainage  increases  from  3,941  to  4,113  square  miles.  This  section 
contains  Twin  Island  Rapids,  16  miles  above  the  mouth  of  the  river, 
stated  to  afford  10  feet  fall  in  three-fourths  mile,  fomierlv  utilized  bv 
a  sawmill.  In  crossing  the  Trenton  limestone  between  Twin  Islands 
and  the  mouth  the  river  forms  a  series  of  rapids.  The  uppermost, 
Chappees  Rift,  has  an  undeveloped  fall  of  about  10  feet.  Of  the 
remaining  fall  in  the  stream,  19  feet  are  taken  up  by  three  dams  of  the 
M.  and  M.  Paper  Company^  and  the  Menominee  River  Boom  Compaoj', 
the  uppermost  situated  1  mile  above  Marinette.  The  three  have  heads 
available,  beginning  at  the  uppermost,  of  7,  5,  and  7  feet,  respectively. 
The  power  is  utilized  for  lumber  and  paper  manufacture.^ 

The  following  table  gives  the  drainage  area  of  Menominee  River  at 
various  points.  The  drainage  areas  of  Brule,  Paint,  Michigamme, 
and  Sturgeon  rivers  are  given  separately.  The  figures  from  James 
L.  (Jreenleaf's  report,  cited  above,  have  been  used  in  part. 

Menominee  River  drainage  area*. 


Square  mileei. 


BRrLK    KIVBK. 


Increment. 


Brule  River  above  Iron  River !  170 

Iron  River  al)ove  mouth 94.  7 

Brule  River,  including  Iron  River 264.  7 

Brule  River  above  Paint  River !  305      !  40.3 

a  The  above  description  of  Menominee  River  Rapids  is  largely  from  data  furnished  by  G.  W.  Hanley, 
of  the  Menominee  River  Boom  Company,  and  from  the  report  of  James  L.  Oreenleaf.  C.  E.,  on  WAter 
power  of  the  Northwest,  Tenth  United  States  Census,  vol.  17.  pp.  69-81. 
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Menominee  River  drainage  areas — Continued. 


PAINT  AIVER. 

Net  River  above  West  Branch  Paint  River 

West  Branch  Paint  River  above  Net  River 

West  Branch  Paint  River  and  Net  River  at  junction 

Paint  River,  including  Hemlock  River 

Paint  River  at  Crvstal  Falls 

Paint  River  at  mouth i 

Brule  River  at  junction  with  Michigamme  River  . . . 


HICHUiAMMK    KIVER. 

Michigamme  River  above  outlet  of  Lake  Michigamine 

Michigamme  River  above  Mitchikan  River 

Mitchikan  River 

Michigamme  River,  including  Mitchikan  River 

Michigamme  River  above  junction  with  West  Branch 

Wert  Branch  Michigamme  River 

Michigamme  River,  including  West  Branch 

Michigamme  River  at  Mansfield  mine 

Michigamme  River  at  mouth 


Square  milef). 

Incrfvnent. 

234.4 

287.9 

522.3 

560.4 
678.5 
738.5 
1,044 

38.1 
118.1 
60 

234.1 

374.7 
179.1 

140.6 

ero  o 

MENOMINEE   RIVER. 

Menominee  River  at  junction  of  Bruleaud  Michigamme  rivers. 

Menominee  River  atx)ve  junction  with  Pine  River 

Pine  River 

Menominee  River,  including  Pine  River .* . 

Menominee  River  above  Sturgeon  River  ^ 

Sturgeon  River,  >Ia8t  Branch 

Sturgeon  River,  West  Branch 

Stuigeon  River  at  junction  of  both  branches 

sturgeon  River  at  mouth 

Menominee,  including  Sturgeon  River 

Menominee  above  junction  with  Pemelx)nw()n  River 

Pemefconwon  River,  Wisconsin 

Menominee,  including  Pemebonwon  River 

Menominee  River  above  Pike  River 

Pike  River,  Wisconsin 

Menominee  River,  including  Pike  River 

Menominee  River  above  Little  Cedar  River 

Little  Cedar  River 

Menominee  River,  including  Little  Cedar  River 

Menominee  River  at  mouth 


5.9 


664.7 
723.7 

1,769 

24.7 
59 

1,833 

586 

2,419 

2,538 

117 

89 

206 

396 
2,934 

190 

2,993 
163 

59 

3,156 

3,274 
292 

118 

3,566 

3,  792 

149 

226 

3,941 
4,113 

172 
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In  addition  to  its  value  for  water  power,  air  compressing,  and  water 
supply  to  the  adjacent  mines,  Menominee  River  is  of  great  importance 
as  a  lumbering  stream.  Numerous  dams  have  been  constructed, 
usually  of  spar  or  timber-crib  design,  for  flooding  logs,  thus  taking 
up  the  fall  of  man}'  of  the  rapids  described  above.  A  list  of  the  dams 
in  Menominee  Basin  is  given  below: 

Lumhermeii' »  dams  on  Menominee  Hirer  and  its  brandies 


a  Land-survey  townships  are  niimbt'red  northerly  from  the  principal  parallel;  and  ranges  in  Michi- 
gan are  numbered  westerly  and  in  WisconBin  easterly  from  the  principal  meridian  of  the  respective 

States. 

The  first  dam  constructed  on  the  stream  was  built  for  a  gristmill  in 
1832.  The  lumbering  interests  soon  outweighed  the  value  of  the 
water  power,  and  little  progress  has  been  made  in  power  development 


Description. 

1 

River. 

1  Menominee 

state. 

Section. 

4 

^ 

4 

21 
24 
24 

7 
32 
21 
18 
14 
11 
28 
11 
15 
36 

8 
IB 
20 

29 

19 

32 
35 

17 

Town- 
ship, a 

31 
31 
31 
37 
37 
:^ 

43 
41 
42 
42 
42 
44 
39 
39 
39 
40 

:^5 

35 
36 

36  1 

37  1 

1 

1 
35 

36 
36 
36 

1 
Range. 

1 

Dam  No.  1 

Michigan 

do 

do 

Wisconsin 

do 

1  - 

27 
27 
1          2S 
21 
29 
31 

:« 

.34 

Dam  No.  2 

Dam  No.  3 

Pemene  Falls 

Pemene  Dam 

' do 

' do 

! do 

do 

Shakie  Lake  l^m 

' do 

Michigan 

do 

Dam  No.  1 

1  Michigamme 

Do 

'  Brule 

do 

Dam  No.  2 

' do 

do 

Dam  No.  3 

' do 

do 

36 

Dam  No.  1 

Paint 

do 

.32 

:m 

IS 
15 
14 
13 

Dam  No.  2 

do 

do 

Dam  No.  1 

,  Pine 

do 

Dam  No.  2 

' do 

do 

Dam  No.  3 

' do 

do 

Dam  No.  4 

' do 

do 

Dam  No.  1 

'  Pike 

Wieconsin 

do 

21 

Dam  No.  2 

1 do 

21) 

Dam  No.  1 

1  North  Branch  of  Pike 
River. 

' do 

do 

do 

2H 

Dam  No.  2 

19 

Do 

South    Branch   of 
1      North    Branch  of 
Pike  River. 

'  South  Branch  of  Pike 
!      River. 

1 do 

do 

do 

do 

IS 

Dam  No.  1 

20 

Dam  No.  2 

19 

Dam  No.  3 

do 

do 

IS 

Dam  No.  4. 

! do 

do 

IS 
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until  recently.  The  accompanying  table,  f uraished  by  the  Menominee 
River  Boom  Company,  shows  the  total  number  of  logs  or  feet  of 
lumber  rafted  on  Menominee  Biver  since  the  organization  of  the 
Menominee  River  Manufacturing  Company  in  1866. 

Logs  and  lumber  ttccUed  on  Menominee  River  from  1868  to  1901,  inclugive. 


Year. 


Number  of 
logs. 


1868 

1869 

1870 

1871 

1872 

1873 

1874 

1875 1 

1876 1 

1877 ' 

1878 i         817,395 

1879 ^     1,095,885 

1880 1,258,771 

1881 '     1,470,689 

1882 ]     1,920,788 

1883 ,     2,083,333 

1884 '     2,286,639 

1885 1     1,998,305 


62 
85 
197 
117 
142 
122 
114 
112 
148 
137 
137 
181 
240 
265 
344 
333 
377 
335 


809,804 
744, 573 
300,150 
342, 697 
993, 976 
101,  228 
310, 556 
026,280 
510, 313 
120,601 
086,041 
197, 529 
660,524 
187, 163 
674, 448 
285, 369 
738, 266 
606,926 


Year. 


Ntiinber  of 
log8. 


1886 

1887 

1888 

1889 

1890 

1891 

1892 

1893 

1894 

1895 

1896 

1897 

1898 

1899 

1900 

1901 

Total 


2, 
2, 
2, 
4, 
2, 
3, 
4, 
4, 
3, 
3, 
3, 
2, 
3, 
3, 
3, 
3, 


141, 293 
517,445 
681, 218 
245,763 
904,436 
276, 591 
416, 767 
168, 187 
360,  746 
616, 275 
101,463 
259, 119 
262, 216 
090,699 
156, 027 
066,167 


FeetB.M. 


387, 489, 272 
462, 280, 890 
513, 703, 492 
642, 137, 318 
433, 876, 844 
430, 590, 085 
560, 938, 627 
490, 896, 814 
345, 675, 068 
374, 643, 625 
337, 987, 807 
232, 677, 937 
291,229,121 
268, 234, 278 
249, 351, 247 
247, 130, 515 


64, 196, 217  9,  724, 539, 384 


MENOMINEE    RIVER   AT   LOWER   QUINNESEC   FALl^,  WISCONSIN. 

The  following  tables,  giving  mean  daily  discharge  and  i-un-oflf  of 
Menominee  River  at  Lower  Quinnesec  Falls  during  a  portion  of  the 
years  1898  and  1899,  have  been  furnished  by  the  Kimberly  &  Clark 
Company,  of  Niagara,  Wis.  The  discharge  was  determined  by  Joseph 
H.  Wallace,  C.  E.,  by  means  of  float  measurements  at  various  stages, 
taken  in  a  measuring  course  about  one-fourth  mile  above  Lower  Quin- 
nesec Falls.  These  measurements  were  made  May  11  to  June  15, 1898, 
and  comparative  observations  of  the  stream  stage  were  taken.  Begin- 
ning May  23,  1898,  a  series  of  gage  readings  were  taken  each  day  at 
7  a.  m.,  1  p.  m.,  and  6  p.  m.,  from  which  the  daily  discharge  here 
given  has  been  deduced.  During  the  period  in  which  the  records  were 
kept  the  flow  of  the  stream  was  modified  to  some  extent  by  the  open- 
ing and  closing  of  lumbermen's  dams  above. 
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Mean  daily  dijfchurgej  in  gecond-feet,  of  Menominee 

Wisconsin. 


River  at  Lower  Quinnesec  Falif, 


Day. 

1 
Apr.    1 

May. 

June. 

July. 

2,740 
2,466 

2,321 
1,611 
1,926 

Aug. 

Sept. 

3,278 
2,060 
1,»47 
2,211 
8,251 

3,066 
3,341 

3,092  , 

8,870  . 

3,913 

2,981 

2,977 

3,060 

--  • 

8,284 

Xov. 

1 

1898. 
1 

3,253 
2,257 
1,640 
1,692 

794 

496 

2,797 

1,122 

758 

1,184 

2,633 
797 
1,360 
2,282 
1,817 
2,624 

3,575 

2 

3 

'       8,601 

4 

1 

'       3,285 

5 

1 

S.5Q2 

6 

2,269 
3,176 

7 

1 

3,556 

8 

8,382 

9....  

8,235 
3,309 
3,616 
3,468 

1,491 

10 

3,277 

11 

655 
771 
676 
952 
1.097 

811 
877 
1,657 
1.622 
1,863 
1,466 

2,044 
1,808 
420 
1,656 
1.363 

2,708 

12 

2,268 
1,159 

790 
1,277 

949 

3. 269 
4.493 
4,968 
4,660 
4,726 
3,097 

3,263 
3,099 
2,791 
2,697 
8,334 
3,114 

2,289 

13, 

14 

3,403 
2,674 
2,471 
2,555 
2,082 

1,538 

1,523 

16 

1,484 

1,636 

18 

2.419 

3,544 
8,349 
2,668 
2,785 
2,704 

3.381 
3,848 
3,510 

3,543 

2,:^ 

20 

0 



21 

2,891 

22 

1,781 
1,551 
1,696 
1,447 

1,955 

2,315 
2,263 

3,000 

23 

8,^3 

24 

2.843 

26 

3.802 
2,887 
2,443 

2,583 
2.626 
2,296 
2,106 
2,290 

27 

3.278 
3.160 
3,201 

28 

29 

30 

2.755 
8,543 

3.086 

5,735 
3,248 

Mean 

2.459 

3,421 
3,768 
3,517 
3,922 
4,347 
4,266 
4,265 
4,374 
4,624 
4,127 
3,974 
3,495 
3,420 
3,253 
4,027 
4,159 
3,160 
3.543 
3,543 

1,439 

2,282 

2,566 

2.766 

1899. 

2,120 
1.988 
1,790 

2,377 
2,083 
2,006 
1,896 

1,420 
1,406 
1,413 
1,789 
1,722 
1,686 

2 

1 

8 

1 

4 

5 

1 

6 

1 

7 

8 

9 

1 

10 

1 

11 

3,744 
3,470 
3,083 
3,982 
4,384 

3,744 
4,256 

2,198 
2,197 
1,989 
1,897 
1,790 
2.083 
2.341 
804 
2,257 

12 

13 

14 



15 

16 

17 

1 

1 

18 



19 

4,642 
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Mean  daihf  dischaTf/e,  in  second-feet,  of  Menominee  River  cU  Lower  Qidurym'c  Falls, 

Wisconsin — Conti  nued . 


Day. 

Apr. 

May. 

1 

June.  1 

July. 

Aug.      Sept. 

Oct. 

Nov. 

20 

1899. 

1 
1 

4,027 
3,373 
2,641 
3,643 
3,494: 
2,711  1 
2,438  ' 
2.297 

2,521 ; 

2,121  1 
2,017 

1 

3.476 

1 

2,521 
1,518 
1,487 
1,277 
1,433 
1,693 
1,693 
1,380 
1,634 
1,687 
1,646 
1,574 

1.819 

1 

21 

1 

22 

1 

1 

23 - 

1 

24 

. 

4,321 
4,463 

4,485 
4,349 
4,402 
4,027 
.  3,847 
3,920 
4,078 

4,112 

■    •••••■•|*«*««a«a 

1 

25 

1 

26 



27 

1 

28 

29 

■ 

1 

30 

1 

31 

1 

1 

Year.. 

4.011 

1,573   

1 

1 

Estimated  monthly  discharge  of  Menominee  River  at  Lower  Quinnesec  Falls, 

[Drainage  area  2,432  square  miles.] 


Wis, 


Discharge  in  second-feet. 


Run-off. 


Month. 


Maximum. 


1898. 


Minimum. 


May 

June 

July 

August 

September 
October- -. 
November 


1899. 


April  - . 

May 

June  . . 
July... 
August 


3,802  , 
3,616 
2,740  ' 
4,968  I 
3,644 
5,735  ! 
3,601  ' 

4,642 
4,4a5  ' 
4,624  , 
2, 521 

1,789     ; 


2, 443 

1,447 

655 

498 

797 

1,947 

1,484 

3, 083 
3,744 
2,017 
804 
1,408 


Mean. 


Second- 
feet  per 
fiquare 
mile. 


Depth  in 
inches. 


3,086 
2,459 
1,439 
2,  282 
2,566 
3,248 
2,766 

4,011 
4,112 
3, 476 
1,819 
1,573 


1.26 

1.01 

.59 

.94  i 
1.05  ! 
1.34  t 
1.14 

1.65 
1.69 
1.43 

.75 

.65 


1.45 
1.13 
.68 
1.08 
1.17 
1.54 
1.27 

1.84 

1.95 

1.60 

.86 

.75 


MENOMINEE    RIVER   NEAR   IRON   MOUNTAIN,  MICH. 

A  gaging  station  was  established  at  the  Homestead  highway  bridge, 
2k  miles  south  of  Iron  Mountain,  September  4,  1902.  The  gage  is  a 
vertical   scale  graduated    to  feet  and    tenths    and    attached  to  the 
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upstream  side  of  the  right-hand  bridge  abutment.  The  bridge  has 
a  single  span  of  220  feet.  The  bed  is  of  earth,  and  the  channel  Is 
straight  for  some  distance  both  above  and  below  the  bridge.  The 
gage  is  referred  to  the  top  of  the  12-inch  timber  bridge  seat  on  the 
right-hand  abutment  over  the  gage,  the  elevation  of  which  is  assumed 
to  be  100  feet,  the  gage  datum  being  elevation  77.32  feet.  The  gage 
readings  are  taken  at  8  a.  m.  and  6  p.  m.  each  da}-  by  Theodore  Moll. 
The  stream  freezes  across  imderneath  the  bridge,  and  special  winter 
discharge  measurements  are  required  to  determine  the  flow. 

The  drainage  area  above  the  gaging  station  is  approximately  2,415 
square  miles. 

During  1902  the  following  discharge  measurements  were  made  by 
R.  E.  Horton  and  W.  V.  Savicki: 

September  4:  Gage  height,  1.90  feet;  dischaige,  1,322  second-feet 
November  4:  Gage  height,  2.67  feet;  discharge,  1,584  second-feet. 

A  measurement  of  low- water  discharge  of  Crystal  Lake  outlet,  near 
Iron  Mountain,  September  4, 1902,  showed  a  discharge  of  2.25  second- 
feet  or  0.45  second-foot  per  square  mile  from  a  flat  sand  area  of  5 
square  miles,  *»  containing  0.1  square  mile  lake  surface. 

Mean  dciily  gage  height^  infeetj  of  Menamiiiee  Rh^er  near  Iron  Mowntniiiy  Mich. 


Day. 

Sept. 

1 

1902. 

2 

3 ' 

4 

1.90 

5 

1.60 

0. ... 

2.00 

7.... 

2.25 

8.... 

2.35 

9.... 

2.05 

10 

1.92 

11 

1.87 

12 

1.95 

13 

1.65 

14 

1.53 

15 

1.45 

16 

1.40 

Oct. 

Nov. 

Dec. 

1.67 

2.52 

1.60 

1.53 

2.80 

2.22 

1.55 

2.95 

2.80 

1.45 

2.72 

2.25 

1.55 

2.86 

1.86 

1.58 

2.95 

1.95 

1.60 

2.50 

2.25 

1.67 

2.60 

2.70 

1.77 

2.50 

3.45 

1.30 

2.40 

3.35 

1.50 

2.45 

3.60 

1.55 

3.27 

3.35 

2.85 

4.&5 

3.06 

2.95 

6.07 

2.90 

2.47 

6.88 

2.85 

1.82 

6.57 

2.90 

1902. 


17. 
18. 
19. 
20. 
21. 
22. 
2:5. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Sept. ;  Oct.  ,  Nov.    Dec 


1.40 
1.45 
1.35 
1.35 
1.20 
1.45 
1.52 
1.4H 
1.47 
1.40 
1.40 
1.35 
1.38 
1.55 


'  1.65 

'  1.92 

I  1.60 

1  1.65 

1.57 

'  1.65 

'  1.67 

I  2.42 

I  2.80 

3.22 

2.95 

3.57 

3.07 

,  2.83 


2. 75 


I 


6.45 

2.55 

5.65 

2.70 

5.35 

2.63 

.5.00 

2.75 

4.47 

2.75 

4.45 

•2-67 

3.90 

2.40 

a.  92 

2.32 

8.46 

2,35 

3.30 

2.2U 

S.OO 

2.10 

2  f» 

2.00 

2.56 

2.15 

2.62 

2.20 

2.10 

IRON  RIVER  DRAINAGK  BASIN. 

Iron  River,  a  tributary  of  the  Menominee  system  through  Brule 
River,  drains  the  southwest  portion  of  Iron  County,  Upper  Peninsula, 
Mich.  The  drainage  basin  is  rugged;  the  soil  is  sandy  and  largeW 
covered  with  second-growth  and  small  timber.     There  are  two  lum- 


a  Probably  including  some  mine  pumpage. 
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bermen's  dams,  one  at  Iron  River,  about  7  miles  from  the  mouth,  and 
the  second  7  miles  farther  upstream.  The  elevation  of  the  stream 
at  its  confluence  with  Binile  River  is  1,400  feet  and  at  the  second  dam, 
14  miles  upstream,  1,500  feet.  The  river  flows  through  a  flat  valley 
averaging  about  i  mile  in  width,  flanked  by  hills  100  feet  or  more 
in  height.  The  basin  contains  numerous  tributary  lakes,  as  well  as 
a  number  of  undrained  hollows  and  ponds.  The  approximate  areas 
of  the  principal  lakes  above  Riverton  Mine  are  given  below.  The 
aggregate  water  surface  is  3.6  square  miles. 

Pond  and  drainage  areas,  Iron  River  Basin. 


PondN  and  areoA. 


Sqoare 
miles. 


Ponds  and  areas 


Pickerel  Lake 
Stanley  Lake 

Iron  Lake 

Sunset  Lake  . 
Ice  Lake 


0.80 
.47 
.65 
.77 
.40 


Other  lakes  and  ponds 

Drainage  area  above  Riverton 
Mine 

Drainage  area  above  mouth. . , 


I 


Square 
nules. 


0.50 

74.6 
94.7 


IRON   RIVER   AT   RIVERTON  MINE,  MICHIGAN. 

A  gage  was  erected  at  the  mine  bridge  at  Riverton  mine,  and  read- 
ings were  taken,  as  a  rule,  daily  by  the  engineers  of  the  mine,  from 
November  9,  1900,  to  July  23, 1901,  inclusive.  The  record  was  again 
started  March  1,  1902,  and  readings  have  since  been  taken  once  each 
da3\  Two  readings  daily  were  taken  during  March,  1902,  and  at  times 
of  high  water.  The  present  gage  is  attached  verticall}'  to  a  braced 
cedar  post  at  the  left  end  and  the  upstream  side  of  the  mine  bridge. 
The  elevation  of  the  zero  of  the  gage  previous  to  October  3,  1902, 
was  90.95  feet;  on  and  after  October  3,  1902,  it  was  85  feet. 

All  gage  readings  have  been  converted  into  elevations  above  mine 
datum.  The  bridge  from  which  measurements  are  made  has  a  span  of 
30  feet  between  abutments.  The  stream  does  not  freeze  over  at  the 
gaging  station.  The  Iron  River  dam  for  ponding  logs  is  located  1 
mile  upstream  from  the  gage.  Irregular  draft  from  the  pond  causes 
fluctuations  in  stage  below  at  times;  otherwise  the  flow  is  regular. 
The  Riverton  mine  is  situated  almost  directlv  underneath  the  river 
channel.  Pumpage  from  the  mine,  which,  when  observed  September 
5,  1902,  was  at  the  rate  of  1.7  second-feet,  enters  the  stream  a  short 
distance  above  the  gage.  The  record  is  kept  under  the  direction  of 
Frank  Drake,  chief  engineer  of  the  Oliver  Iron  Mining  Company. 
The  assistant  engineers  at  Iron  River  mine  cooperate  with  the  United 
States  Geological  Survey  in  making  discharge  measurements. 
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During  1902  the  following  discharge  measureineute  were  made  by 
R.  E.  Horton  and  W.  V.  Savicki: 

September  5:  Gage  height,  85.95  feet;  dischaige,  45  second-feet. ^ 
September  5:  Gage  height,  86.64  feet;  discharge,  102  second-feet. 

In  1899  a  series  of  observations  were  made  to  determine  the  flow 
and  slope  from  the  waterworks  footbridge  2,969  feet  upstream  to  the 
mine  bridge,  which,  in  connection  with  the  current-meter  measure- 
ments ^ince  made,  will  enable  the  discharge  to  be  determined.  The 
stream  in  the  intervening  section  has  a  uniform  width  and  depth  with 
earth  and  cobble  bed.     Elevations  are  referred  to  the  mine  datum. 

Slope  of  Iron  River  near  RiverUm  mine,  Michigan. 


Date. 


1899. 

July  13 

July  13 

July  13 

July  14 

July  14 

July  15 

July  21 

July  23 

August  11 

August  11 


Time. 

Elevation 

of  water 

at  upper 

bridge. 

8. 15  a.  m 

Feel. 
93.88 

10.00  a.  m 

93.88 

11, 55  a.  m .. 

.  93.72 

8. 00  a.  m 

93.55 

1.30  p.  m 

93.69 

8.35  a.  m 

93.50 

1. 45  p.  m ,. 

93.90 

7.00  p.  m 

94.80 

9. 00  a.  m 

93.59 

11. 45  a.  m 

93.60 

Elevation 

of  water 

at  lower 

brid^; 


FaU. 


Feet. 

/W*. 

85.24 

8.64 

83.24 

8.64 

85.05 

8.67 

84.69 

8.86 

84.91 

8.78 

84.69 

8.81 

85.25 

8.65 

86.80 

8.00 

84.71 

8.88 

84.70 

8.90 

Mean  daily  gage  lieight,  in  feet,  of  Iron  River  at  Riverion  mine,  Michigan. 


Day. 


Nov. 


Dec. 


3 
4 
5 
6 
7 
8 
9 
10 
11 


1900. 

1 ' '   m.i3 

2 

86.48 


86.38 
86.30 

86.28 
86.25 
86.18 


86.28 
86.25 


Day. 


1900. 


Nov.       Dec. 


12. 
13. 


86.40 
86.38 


14 '    86.25 


15. 
16. 


8(1.31 
86.35 


17 86.29 

18 


86.26 
86.27 
86.27 
86.27 


19. 
20. 
21. 
22. 


86.30 
86.29 
86.35 
86.47 


86.25 
86.22 
86.21 
86.21 
86.20 
86.28 


Day. 
1900. 

Nov. 

86.24 
86.25 

Dec. 

23.. 

24 

86. 3S 

25.. 

• 

26 

86.28 
86.25 
86.07 

86.1^ 

27 

86. '24 

28 

86. 'iS 

29 

86.25 

30 

"  *  *  * 

86.10 

31 --- 

86.1*^ 

a  Stream  raised  by  opening  of  gtorage  dam  above. 
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Mean  daily  gage  height^  infeetj  of  Iron  River  at  Riverton  minej  Michigan — Ck>ntinued. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

87.08 
87.00 
86.85 
86.76 

86.66 
86.59 
86.50 
86.50 
86.50 
86.50 

86.69 
86.45 
86.53 
86.60 
86.65 
86.48 

86.40 
86.35 
86.40 
86.46 
86.71 
86.40 

86.30 
86.48 
86.20 
86.18 
86.16 

86.95 
87.00 
87.00 
86.90 
86.80 
87.00 
87.10 
87.00 
86.90 
86.80 

June. 

July. 

86.16 
86.01 
86.18 
87.26 
87.85 
87.55 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1901. 
1 

86.18 
86.23 
86.18 
86.20 
86.20 

86.18 
86.18 

86.18 
86.23 
86.18 
86.14 
86.10 
86.09 

86.08 
86.05 
86.00 

86.07 
86.10 
86.08 
86.06 
86.06 

86.20 
86.18 
86.20 
86.47 
86.50 
86.35 

86.63 
86.75 
86.90 
87.18 
87.20 
87.28 

87.33 
87.48 
88.26 
88.00 
87.70 
87.50 

86.14 

86.25 
86.28 
86.16 
86.64 
86.20 
86.15 

86.42 
86.20 
86.15 
86.56 
86.79 
86.35 

86.25 
86.10 
86.92 
86.20 
86.20 
86.60 

86.25 
86.30 
86.29 
86.43 
86.18 
86.18 

2 

1 
1 

3 

1 

■ 

4 

1 

6 

6 

i         1 

1 

7 

86.22 
86.20 
86.19 

8 

87.25 
87.13 
86.65 
86.70 
86.60 
86.50 

1 

1 

9 

I 

10 

11 

86.23 
86.19 

86.11 
86.30 
86.11 
86.10 
86.07 
86.08 

86.00 
86.23 
86.05 
86.05 
86.28 
86.13 

...:.  j 

12 

■ 

•  ' 

18 

1         ' 

1 

14 

86.19 
86.19 
86.17 
86.15 
86.20 
86.83 

t 

1 

15 

86.36 
86.23 
86.83 
86.25 
86.25 
86.25 

1          1 

1 

16 

1 

1 

17 

1 

18 

86.10 
86.13 
86.18 
86.19 
86.09 
86.08 

86.05 
86.00 
86.95 

• 

1 

19 

, 

■ 

20 

1 

21.           

86.20 
86.15 
86.15 
86.16 
86.15 
86.15 

86.08 
86.05 

87.10 
87.13 
87.10 
87.08 
87.03 
86.96 

86.85 
87.00 

86.60 
86.40 

23              

, 

25               

86.06 
86.09 
86.08 
86.15 

86.18 
86.86 

86.20 
86.18 
86.18 

1 

1 

27 

28           

86.16 
86.15 
86.12 
86.12 

\         1 

29           

1 

1 

90               

' 

81             

! 

1902. 
1 

86.16 
86.00 
86.12 
86.93 
86.16 
86.12 
86.14 
86.13 
86.15 
86.20 
86.57 
86.41 
86.30 
86.33 
86.43 
86.30 
86.25 
86.23 
86.28 
86.25 
86.26 

86.60 
86.42 
86.35 
86.36 
86.85 
86.30 
86.35 
86.27 
86.27 
86.80 

86.00 
86.85 
87.20 
86.76 
86.65 
86.40 
86.30 
86.30 
86.72 
86.45 
86.46 
86.40 
86.45 
86.42 
86.30 
86.22 
86.25 
86.22 
86.22 
86.20 
86.25 

86.15 
86.20 
86.30 

86.30 

86.15 
86.10 
86.10 
85.95 
85.95 

85.85 
85.90 
86.00 
86.10 
86.00 
86.00 
86.00 
86.10 
86.20 

86.05 
86.08 
86.00 
85.80 
85.80 
85.95 
86.20 
86.20 
86.00 
85.90 
85.90 
85.86 
85.90 
85.85 
86.20 
86.10 

86.05 
86.10 
86.85 
85.90 
85.85 
86.00 
85.95 
85.95 
86.10 
86.05 

86.05 
86.05 
86.05 
86.05 
86.05 
86.08 
86.05 
86.10 
86.08 
86.05 

86. 15 
86.20 
86.15 
86.15 
86.15 
86.12 
86.08 
86.08 
86.05 
86. 15 
86.20 
86.35 
87.18 
87.27 
87.05 
86.40 
86.36 
86.33 
86.83 
86.33 
86.83 

87.96 

2 

86.40 

s      

86.40 

4       

86.36 

5 

86.83 

6 

86.33 

7       

86.33 

8     

86.38 

9 

86.88 

86.83 

11 

86.80     86.60 
86.40     86.60 

85.90     86.09 
86.10     86.08 

86.30 

86.80 

IS     

86. ») 
86.25 
86.80 
86.20 
86.25 
86.80 
86.25 
86.20 
86.22 

86.60 
86.50 
86.50 
86.50 
86.45 
86.36 
86.80 
86.38 
86.40 

86.05 
86.00 
85.85 
87.55 

86.10 
86.10 
86.05 
86.05 

86.80 

14  

86.80 

15 

86.80 

86.30 

17       

86.00  ,  87.00     86.10 

86.30 

85.90     85.85 

86.09 

86.30 

19  

85.95     85.50     86.08 

86.30 

86.00 
86.20 

85.80 

86.08 
86.08 

86.32 

21../ 

86.82 
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Mean  daily  gage  Jieight,  in  feety  of  Iron  River  at  Rlverton  mine^  Michigan — Ck)ntinae<l. 


Day. 


1902. 


Jan. 


22. 
23. 


Feb.     Mar 


86.28 


24 ' ' I  86.50 

25 ' 86.55 

26 ' ' 86.69 

27 ' ' 86.63 

28 ' ' 86.68 

29 ...' ' I  86.68 

30 ' ' I  86.62 


Apr. 


88.25 

86.45 
86.40 
86.30 
87.25 
87.55 
87.50 
87.35 
86.13 


May. 


86.40 
86.35 
86.85 


31. 


86.10 
86.10 
86.00 
86.00 
86.12 
86.65  I !  86.05 


June. 


86.22 
86.20 
86.26 
86.30 
86.52 
86.20 
86.20 


86.15 


July, 


86.46 
86.10 
86.10 
86.10 
86.00 
86.00 
85.95 
85.95 
86.10 
86.05 


Aug. 


K).90 
85.96 
85.85 
a5.95 
86.00 
85.90 
85.90 
86.10 
86.90 
86.70 


Sept. 

Oct. 

86.80 

86.06 

86.65 

86.09 

85.80 

86.80 

86.00 

86.25 

86.00 

86.25 

86.05 

86.26 

86.20 

86.05 

86.20 

86.  a5 

86.20 

86.20 

Nov. 


86.33 
86.33 
86.83 
86.33 
86.33 
86.33 
86.33 
88.33 
86.33 


Jje*' 


f«6.32 
86.32 
86.32 
86.32 
86.32 
86.32 
86.  SO 
86. » 
86.30 
86.35 


ST.  J08T1PII  RIVER  DRAINAGE  BASIN. 

St.  Joseph  River  rises  at  Bunda}^  Hills,  in  northern  Hillsdale  County, 
Mich.,  flows  southwesterly  into  Indiana,  turns  northward  at  South 
Bend,  recrosses  the  State  line  near  Bertrand,  and  debouches  into  Lake 
Michigan  at  St  Joseph.  The  total  area  drained  is  approximately  4,586 
square  miles,  of  which  2,916  square  miles  are  in  Michigan  and  1,670 
square  miles  in-  Indiana.  The  drainage  basin  contains  more  than  400 
small  lakes,  varying  in  surface  area  from  an  eighth  of  a  square  mile  to 
6  square  miles.  Of  these,  approximately  100  are  in  Indiana  and  3(.H) 
in  Michigan.     No  storage  is  developed  on  the  stream. 

The  drainage  basin  lies  in  a  completely  glaciated  region,  and  is  over- 
Iain  with  diversified  drift  deposits.  The  current  of  the  river  from 
South  Bend  to  ite  mouth  was  formerly  reversed,  and  this  valley  formed 
an  outlet  for  the  waters  of  Lake  Michigan,  which  turned  to  the  south- 
west, through  Kankakee  River,  at  South  Bend,  and  thus  reached  the 
Mississippi  through  Illinois  River. 

The  basin  of  St.  Joseph  River  in  Michigan  contains  relatively  little 
marsh  land  not  artificially  drained  and  relatively  little  uncleared  land. 
About  a  third  of  the  lakes  are,  however,  without  outlets.  The  pro- 
portion of  undrained  lakes  in  Indiana  is  smaller,  and  the  swamp  lands 
are  much  more  extensive. 

Elkhart  River,  one  of  the  principal  Indiana  tributaries  of  the  St. 
Joseph,  drains  an  area  of  about  500  square  miles  which  contains  large 
lakes  and  extended  swamp  areas,  with  the  principal  fall  occurring  in 
the  passage  of  the  stream  from  marsh  to  marsh. 

ST.  JOSEPH   mVER   AT   BUCHANAN,  MICH. 

A  gaging  station  was  established  on  St.  Joseph  River  at  the  dam  of 
the  Buchanan  Electric  Light  and  Power  Company,  1  mile  below  the 
village  of  Buchanan,  Aprill,  1901.  The  dam  is  of  frame  timber  of  the 
Beardsley  type,  10  feet  high,  and  rests  on  earth  foundation,  leakage 
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being  prevented  by  means  of  triple  sheet  piling  at  the  downstream  toe. 
The  upstream  face  of  the  dam  has  a  slope  of  approximately^  2.4  hori- 
zontal to  1  vertical.  The  downstream  side  is  also  faced  with  a  slop- 
ing apron,  the  two  slopes  meeting  at  the  crest  at  an  angle  of  90°.  The 
dam  is  level  and  392.5  feet  in  length.  The  crest  gage  is  attached  to 
piling  45  feet  upstream  from  the  crest,  and  is  read  at  7.30  a.  m.  and 
5-30  p.  m.  each  day  by  Charles  E.  Babcock. 

The  discharge  over  the  dam  has  been  calculated  by  the  weir  formula, 
using  coefficients  derived  from  experiments  at  Cornell  University  on 
a  weir  of  the  same  form  of  cross  section. 

At  the  right-hand  side  of  the  stream  is  situated  the  Buchanan  elec- 
tric-light plant,  containing  three  special  48-inch  New  American  tur- 
bines, 1895  model.  These  are  controlled  by  a  single  Woodward 
governor,  and  a  record  is  kept  of  the  number  of  hours  per  day  the 
wheels  are  run  and  the  avei*age  opening  of  the  speed  gate. 

On  the  left-hand  side  of  the  dam  are  two  35-inch  Leffel  turbines  in 
separate  vertical  cylinder  cases  connected  to  a  single  governor;  from 
them  power  is  transmitted  to  adjacent  mills  by  manila  rope.  A  rec- 
ord Ls  also  kept  of  the  daily  operation  of  these  turbines  by  Charles  E. 
Kissenger.  The  average  working  head  on  the  water  wheels  is  11.25 
feet.  A  small  amount  of  leakage  through  the  dam  existed  in  1901, 
which  has  not  been  estimated. 

The  record  at  Buchanan  is  kept  through  the  cooperation  of  Hugh 
H.  Hosford,  superintendent  of  the  electric  light  and  power  plant. 
The  accompanying  tables  show  the  estimated  daily  discharge  and 
nionthl3'  run-off  at  the  dam.  August  21,  1902,  a  discharge  measure- 
ment of  St.  Joseph  River  at  Niles,  4  miles  above  Buchanan,  showed 
the  flow  to  be  2,217  second-feet,  or  0.613  second-feet  per  square  mile 
from  the  tributary  drainage  area  of  3,616  square  miles. 

Mean  daily  discharge,  in  seeond-feetf  of  St.  Joseph  River  at  Buchanan,  Mich. 


Day. 

Jan. 

Feb. 

Mar. 

1 

1901. 

o 

3 

4           

■ 

5        

A           

7 

» 

8          

9       

lO              

11          

12              

la         

14            

15 

■  •  •  *  •      • 

Apr.     May 


7,476 
7,212 
6,532 
6,1% 
6,099 
5,860 
5,409 
5,528 
5,444 
5,343 
5,201 
4,875 
4,658 
4, 393 
4,295 


3,913 
3,693 
;  3,414 
3,285 
3,066 
3,081 
3,293 
3,429 
3,361 
3,344 
3,358 
8,253 
8,350 
3,146 
3,017 


June. 

July. 

2,693  ,  1.943 

2,476 

1,943 

2,482 

1,812 

2,430 

1,745 

2,384 

2,060 

2,308 

2,191 

2,188 

1,980 

2,064 

2,122 

1,980 

2,499 

2.064 

1,878 

2,060 

1,936 

2,067 

1,812 

2,060 

1,812 

2,064 

1,7^ 

1,936 

1,941 

Aug. 


1,449 
1,453 
1,456 
1,248 
1,328 
1,335 
1,335 
1,456 
1,342 
1,335 
1,037 
1,169 
1,122 
1,028 
1,276 


Sept. 

Oct. 

1,383 

1,670 

1,817 

1,670 

1,588 

1,670 

1,588 

1,670 

1,769 

1,664 

1,817 

1, 442 

1,709 

1,740 

1,748 

1,861 

1,769 

1,922 

1,896 

1,984 

1,834 

2,046 

1,834 

2,040 

1,834 

2,301 

1,834 

3,929 

1,380 

4,505 

Nov. 


2,648 
2,712 
2,478 
2,785 
2,aS9 
2,839 
2, 712 
2,775 
2,814 
2,478 
2,585 
2,839 
2,966 
2,966 
2,966 


Dec. 


2,548 
3,017 
3,891 
2,766 
2,782 
2,766 
2,639 
2,471 
2,687 
2,954 
3,018 
2,742 
2,869 
2,757 
4,338 
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}fe*m  daily  discharge y  in  second^feety  of  St.  Joseph  River  at  Buchanan^  Mich, — Continued. 


Day, 


1901. 


16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Jan. 


Feb. 


Mar.     Apr, 


Mean 
1902. 


4,216 
4,148 
4,442 
4,419 
4,439 
4,461 
4,583 
4,726 
4,888 
4,888 
4,875 
4,733 
4,317 
4.288 
4,273 


May.    June 


8,260 

2 ■  8,137 

3 '  3,069 

4 '  3,001 

5 '  2,920 

6 1  2,933 

7 ....'  2,069 

8 2,933 

9 2,933 

10 2,933 

11 '  2,806 

12 2,793 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

80 


2,933 
2,933 
2,933 
2,933 
2,933 
2,806 
2,412 
2,298 
2,425 
2,425 
2,652 
2,556 
2,562 
2,475 
2,429 
2,365 
2,240 
2,178 
31 2,178 


2,174 
2,161 
2,302 
2,429 
2,429 
2,495 
2,656 
2,679 
2,793 
2,810 
2,810 
2,746 
2,683 
2,683 
2,488 
2,412 
2,302 
2,302 
2,178 
2,178 
2,178 
2,050 
2,161 
2,240 
2,492 
2,621 
3,347 
1,808 


Mean. 


2,721  I  2,446 


4,411 
6,192 
6,293 
5,537 
4,961 
4,649 
4,415 
4,333 
4,320 
4,195 
4,339 
6,372 
6,545 
6,M5 
6,457 
6,276 
6,2a5 
6,037 
5,785 
5,537 
5, 173 
4,957 
4,944 
4,805 
4,805 
4,649 
4,649 
4,571 
4,489 
4,710 
4,961 


5.197 


5,074 

4,961 
4.961 
4,801 
4,645 
4,489 
4,476 
4,411 
4,337 
4,193 
4,049 
3,689 
8,477 
3,464 
3,413 
3,345 
3,141 
2,937 
2,810 
2,806 
2,729 
2,683 
2,683 
2,683 
2,683 
2, 746 
2,933 
2,927 
3,209 
3,205 
2,933 


3,560 


2,883 
2,570 
2,566 
2,490 
2,643 
2,763 
2,573 
2,490 
2,566 
2,700 
2,617 
2,827 
2,820 
2,814 
2,617 
2,750 


1,729 
1,751 
2,126 
2,002 
1,936 
1,881 
1,936 
1,725 
1,755 
1,816 
1,816 
1,910 
2,184 
2,058 
1,856 


July.    Aug.     Sept.  ,  Oct. 


Nov.  I  Dec 


2,990  I  2,057 


2,933 
2,937 
2,679 
2,412 
3,208 
3,072 
3,904 
4,336 
4,336 
4,333 
3,744 
3,977 
3,689 
3,409 
3,209 
8,209 
3,205 
2,660 
3,209 
8,073 
2,937 
2,937 
2,810 
2,933 
4,032 
6,369 
6,125 
6,377 
6,298 
6,283 
6,121 


3,863 


5,940 
6,785 
5,281 
4,645 
4,189 
3,685 
3,206 
3,192 
3,757 
3,685 
2.205 
3,069 
3,069 
3,205 
3,396 
3,767 
3,685 
3.409 
3,341 
3,205 
3,273 
3,464 
3,341 
3,273 
3, 137 
3,001 
2,933 
3,001 
3,260 
4,489 


5 
6 
6 
5 
5, 
5 
5 
5 
4 
4 
4 
4 
4 
4 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
3 
3 
3 
3 
3 
3 
3 


3.629  t  4 


876 
753 
635 
629 
624 
613 
693 
630 
570 
390 
390 
511 
102 
830 
672 
574 


I  1,127 

I  1,127 

I  1.138 

I  1.826 

I  1,826 

I  1,826 

i  1,598 

1.700 

1,765 

1,377 

2,074 

2,012 

2,074 

2,081 

1,954 

1,830 


750 


772 
024 
940 
856 
688 
604 
449 
197 
957 
801 
489 
33:) 
176 
045 
757 
477 
477 
202 
613 
032 
333 
338 
045 
045 
757 
613 
]92 
477 
477 
409 
205 


847 


1,507 

3,409 
3,205 
3,192 
3,001 
2,806 
2,679 
2,679 
2,615 
2,552 
2,488 
2,425 
2,425 
2,425 
2,361 
2,298 
2,174 
2,161 
2, 174 
2,174 
2,174 
2,174 
2,174 
2,174 
2,037 
2,174 
2,174 
2,050 

i,9as 

1,864 
1,802 
1,665 


1,471 
1,652 
1,896 
1,821 
1.883 
1,821 
1,743 
2,154 
2,160 
1,912 
1,918 
1,912 
1,851 
1,790 
1,428 


4,577 
4,289 
3.997 
3,927 
3,740 
3,853 
3,991 
3.447 
3,173 
3,109 
2.959 
2,946 
2.702 
2,7a5 
2,701 
2,708 


2,966 
2,106  I 
2,966 
2,839 
2,966  ' 
2,966  ; 
2.902  . 
2,839 
2,490  ' 
2.753 
3,017  ' 
3,144  j 
2,890 
2,636  ' 
2,636  1 


3,S8^ 
3.477 
3,2ife 
2,933 
2,933 
3,137 
3,2te 
3.328 
2,619 
3,8S) 
3.962 
3,924 
4,024 
3.533 
3,816 
3,667 


1,774  !  2,804  '  2,785      3,220 


1,665 
1,740 
1,802 
1,678 
1,557 
1,436 
1,644 
1,678 
1,802 
1,926 
1,926 
2,040 
2,174 
2,161 
2, 174 
2,174 
2,298 
2,298 
2,298 

2,161 
2,298 
2,425 
2,615 
2,742 
3,137 
2.933 
3,260 
3,829 
3,973 


2,377  I  2,268 


4,045 
4,045 
4,045 
3,901 
3,888 
4,045 
4,045 
3,901 
3,757 
3, 757 
3,757 
3,600 
3,477 
3,409 
3,278 
3,205 
3.205 
3,205 
3.192 
3,056 
3,069 
3,069 
2,933 
2,«33 
2,806 
1,665 
2,679 
2,552 
2,562 
2,552 
2,425 


2,425 

2,539 

2,679 

2,806 

2,933 

3,069 

3,205 

3,205 

2,920 

3,001 

3,205 

3,205 

3,341 

3,341 

3,341 

3.464 

3,477 

3,477 

3,341 

3,205 

3,205 

3,205 

3,464 

3,341 

3,137 

3,001 

2,920 

3.069 

3,069 

3,124 


3,291 


3,2(» 
3,273 
3.341 
3.341 
3,205 
3,192 
3.192 
3,341 
3,341 
3.341 
3,341 
3,477 
3,477 
3,464 
3,545 
3.613 
3,613 
3.613 
3,829 
4.117 
4,476 
5,113 
6,^^ 
5.869 
5,268 
4,723 
4.645 
4,710 
4,725 
4,411 
4,117 


3,124       3,974 
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Estimated  monthly  discharge  of  St.  Joseph  River  at  Buchanan,  Mich, 

[Draina^  area,  3,935  square  milee.] 


Month. 


April 

May 

June 

July 

August 

September 

October 

November 
Dt^ceniber 


January  . . 
February  . 

March 

April 

May 

June 

July 

August 

Sei)tember 
October..  . 
November 
Decern  l)er- 


1901. 


1902. 


Dischai:ge  in  second-feet. 


Maximum.      Minimum 


7,476 
3,913 
2,693 
2,499 
2,081 
2, 160 
4,577 
2,966 
4,333  ; 


3,260 

3,347 

6,545 

4,961 

6, 377 

5,940 

6,024 

3,409 

3,973  i 

4,045 

3, 477 

6,289 


The  year. 


6, 545 


4,148 
2,490 
1,725 
1,102 
1,028 
1,380 
1,442 
2,478 
2,471 


2,178 
1,808 
4,195 
2,683 
2,666 
2,2a5 
3, 192 
1,665 
1,436 
1,665 
2, 425 
3, 192 

1 ,  436 


Mean. 


5, 074 
2,990 
2,057 
1,750 
1,507 
1,774 
2,804 
2,785 
3,220 


2,721 
2,446 
5, 197 
3,560 
3, 863 
3,629 
4,347 

2,  377 
2,268 

3,  291 
3,124 
3, 974 


Run-oflf. 


Second- 
feet  per 
square 
mile. 


1.29 
.76 
.53 
.45 
.38 
.45 
.71 
.70 
.82 


3,400 


.69 
.62 

1.32 
.90 
.98 
.92 

1.10 
.60 
.58 
.84 
.79 

1.00 

.86 


Depth  in 
inches. 


I 


1.44 
.87 
.59 
.52 
.44 
.50 
.82 
.78 
.94 


.79 

.64 

1.52 

1.00 

1.13 

1.02 

1.27 

.69 

.64 

.97 

.88 

1.15 


11.70 


ST.  JOSEPH    RIVER  AT   MENDON,  MICH. 

A  gaging  station  was  established  at  the  Maranteke  bridge  on  the 
south  line  of  sec.  33,  T.  6  S.,  R.  10  W.,  October  25,  1902.  This 
bridge  is  located  about  one-half  mile  downstream  from  the.  gage, 
which  is  in  the  village  of  Mendon.  The  bridge  has  a  single  span  of 
136.5  feet  between  abutments,  stands  squarely  across  the  direction  of 
the  current,  and  affords  a  fairly  pennanent  cross  section  for  gaging, 
the  bed  being  of  smooth  clay.  There  is  a  bend  in  the  stream  a  short 
distance  above  this  bridge.     The  channel  below  for  some  distance  is 
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straight.  The  gage  is  a  vertical  scale  attached  to  a  braced  cedar  post 
near  the  water's  edge.  Ita  datum  is  elevation  80.04  feet,  or  19.95  feet 
below  the  bench  mark,  which  is  the  top  of  the  head  of  a  spike  driven 
into  the  brick  wall  at  the  southeast  corner  of  Masonic  Hall  building, 
150  feet  northwest  from  the  gage. 

Little  Portage  River  flows  parallel  to  and  about  1  mile  distant  from 
St.  Joseph  River  at  Mendon,  and  was  at  one  time  diverted  across  the 
divide,  affording  water  power  with  a  fall  of  20  feet.  This  has  been 
discontinued.  Franchises  have  been  granted  for  a  number  of  water 
powers  on  St.  Joseph  River  in  this  locality: 

(1)  Michigan  Hydraulic  Company  at  Colon,  Mich.,  18  feet  fall  at  dani  under 
confitniction. 

(2)  Michigan  Hydraulic  Company,  4  miles  below  Colon,  8  feet  fall  obtainable. 

(3)  W.  P.  McCoy,  Mendon,  Mich.,  8  feet  fall. 

(4)  Site,  3  miles  ])elow  Mendon;  stated  fall,  7  feet. 

(5)  Seven  miles  below  Mendon;  18  feet  fall  claimed. 

The  di-ainage  area  above  Maranteke  bridge  is  844  square  miles. 
The  gage  is  read  twice  each  day  by  William  P.  McCoy.  The  means 
of  the  daily  gage  readings  are  given  in  the  accompanying  table. 

During  1902  the  following  discharge  measurements  were  made  by 
R.  E.  Hoi-ton  and  W.  V.  Savicki: 

August  21:  Gage  height,  — «;  discharge,  406  second-feet. 
October  12:  Gage  height,  1.9  feet;  discharge,  786  second-feet. 

Mean  daily  gage  height ,  infeety  of  S(,  Joseph  River  at  Mendon,  Mich^ 


Day. 

Oct.  Nov. 

1 

1 

1  1.30 

Dec. 

Day. 

Oct. 

Nov. 

Dec. 
1.50 

Day. 

Oct. 

Nov. 

Dec 

1902. 
1 

1.20  1 

1.25 

1.30 

1.43 

1.60 

1.70 

1.70 

1.70 

1.68 

1.53  1 

1.50 

1902. 
12 

1.60 

1902 
23 

1.40 
1.40 
1.30 
1.25 
1.25 
1.30 
1.80 
1.30 

2.60 

2 

1  1.30 

13.: 

1.50  1  2.80 
1.50  ,  1.80 
1.45  1  1.60 
1. 45  1. 50 

24 

2.  .58 

3 

'  1  '>S 

14 

26 

2.50 

4 

'l.2« 

1.30 

1  1.40 

l.Sa 

1.53 

15 

26 

1.40 
1.43 
1.43 
1.45 
1.40 
1.40 

2.20 

5 

16 1 

17 1 

27 

2.18 

6      

1.50 
1.50 
1.50 
1.50 
1.40 
1.40 

1.70 
1.65 
1.60 
1.66 
1.70 
2.50 

28 

2.10 

7 

,8 ' 

29 

2.00 

8 

30 

2.00 

9 

l.GO 

20 

31 

3.40 

10 

1  1.60 

1 

,  21 

11 

'  1.60 

1   

22 

KAT^AMAZOO  RIVKR   DRAINAGE  BASFN^. 

Kalamazoo  River  rises  in  the  south-central  part  of  the  Lower  Penin- 
sula of  Michigan  and  flows  in  a  northwesterly  direction,  debouching 
into  Lake  Michigan  3i  miles  below  the  village  of  Saugatuck.  Its  cur- 
rent is  slow,  averaging  about  3  miles  an  hour,  and  its  slope  uniform, 
there  being  no  waterfalls  and  no  considerable  iTipids  except  at  two 


a  Gage  not  installed. 
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points,  at  each  of  which  there  occurs  a  descent  of  3  or  4  feet  within  a 
distance  of  a  few  rods.  The  river  flows  through  a  rich  agricultural 
region,  in  a  valley  from  one-fourth  of  a  mile  to  2  or  3  miles  in  width, 
backed  by  low  hills  or  sloping  gently  to  the  upland.  The  flat  lands  in 
the  vallej"  are  often  flooded  and  sei've  largely  as  permanent  meadows 
throug^h  which  the  river  winds,  often  in  a  very  tortuous  manner.  Two 
branches  unite  at  Albion  to  form  the  main  stream.  The  total  length 
from  the  point  of  juncture  to  the  outlet  is  101  miles. 

In  re8j>ect  to  the  climate,  topography,  and  run-off  of  its  drainage 
ba^in,  Xalamazoo  River  may  be  considered  as  tj^pical  of  the  larger 
streams  of  southern  Michigan,  including  the  Grand,  the  St.  Joseph, 
and  the  Raisin,  all  of  which  find  their  sources  within  a  few  miles  of 
each  other  and  of  the  Kalamazoo.  The  drainage  area  covers  1,750 
square  miles.  A  detailed  description  of  a  part  of  Lower  Kalamazoo 
Basin  is  given  in  the  third  report,  Bureau  of  Soils,  Department  of 
Agriculture,  pages  93-124. 

KALAMAZOO   RIVEB  KEAR  ALLEGAN,   MICH. 

A  gaging  station  was  established  at  the  dam  of  the  Kalamazoo  Val- 
ley Electric  Company,  Trowbridge  Township,  6  miles  upstream  by 
river  from  Allegan,  April  4,  1901.  The  dam  is  of  timber  crib  work 
filled  with  stone,  resting  on  pile  foundation  in  clay  hardpan.  The 
dam  is  equipped  with  three  Taintor  segmental  flood  gates,  each  of  19.7 
feet  clear  width.  In  the  adjacent  power  house,  forming  a  portion  of 
the  dam,  are  eight  43-inch  Leffel-Samson  turbines  arranged  in  two 
sets  on  a  horizontal  shaft,  each  set  controlled  by  a  separate  governor. 
The  ^ging  record  includes  the  number  of  hours  of  daily  run;  the 
averag'e  gate  opening  of  the  turbines,  as  indicated  by  the  index  wheels 
of  the  governors;  the  stage  of  water  on  the  tailrace  gage;  and  the 
reading  of  the  crest  gage.  The  crest  gage  is  set  with  its  zero  at  the 
elevation  of  the  horizontal  spillways  of  20  feet  crest  width  each,  which 
are  closed  by  the  Taintor  gates.  The  crest  gage  also  servos  to  show 
the  depth  flowing  over  the  crests  of  the  Taintor  gates  or  of  flashboards 
placed  thereon.  A  record  of  the  opening  and  closing  of  the  Taintor 
gates  is  also  kept.  The  pond  above  the  dam  covers  an  area  of  1,000 
acres.  The  turbines  run  continuously  and  the  flow  of  the  stream  is 
nearly  all  utilized,  except  in  times  of  extreme  freshet.  At  such  times 
the  water  level  is  controlled  hy  means  of  the  flood  gates  described. 

The  crest  and  tailrace  gages  are  set  with  a  difference  of  elevation  of 
12  feet,  and  both  are  referred  to  the  top  of  the  masonry  pier  at  the 
entrance  to  the  flume  as  a  bench  mark. 

The  elevation  of  the  zero  of  the  crest  gage  is  83.95  feet;  that  of  the 
zero  of  the  tailrace  gage,  71.95  feet. 

The  effective  head  varies  from  21  to  28  feet.  The  record  is  main- 
tained in  cooperation  with  the  Kalamazoo  Valley  Electric  Company. 
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The  gages  were  set  under  the  direction  of  H.  C.  Hoagland,  superin- 
tendent. The  power  plant  contains  a  1,500-kilowatt  multipolar  gen- 
erator, and  the  power  is  used  for  long-distance  ti*ansmission  to  drive 
interurban  electric  railroads.  The  Kalamazoo  Vallev  'Electric  Com- 
pany  contemplates  the  erection  of  other  similar  power  plants  both 
above  and  below  the  present  plant,  in  the  near  future.  A  test  by  cur- 
rent meter,  at  the  highway  bridge,  just  below  the  dam,  was  made  on 
August  22,  1902,  with  results  as  follows: 

Head  on  turbines feet..  21.9 

Discharge  of  four  turbines,  0.1  to  0.3  gate second-feet. .  223.  8 

Discharge  of  four  turbines,  0.5  to  0.6  gate do 470 

Flow  over  spillways do. ...  61 .  7 

Leakage do o 

Total  estimated  discharge do 760. 5 

Discharge  measured  by  current  meter do 785. 1 

A  measurement  of  the  high-water  discharge  of  North  Bi*anch  Kala- 
mazoo River  at  Albion,  Mich.,  March  9,  1903,  at  the  electric  railroad 
bridge,  showed  the  flow  to  be  232  second-feet,  or  1.68  second-feet  per 
square  mile  from  the  tributary  drainage  area  of  138  squa^re  miles. 

The  following  tables  give  the  result  of  a  series  of  flood  measure- 
ments of  Kalamazoo  River  made  by  William  G.  Fargo,  C.  E.,  of  Jack- 
son, Mich.  In  each  case  a  number  of  floats  were  run  to  deterpiine  the 
maximum  surface  velocity,  and  soundings  were  taken  in  the  float 
sections  to  determine  the  cross-sectional  area.  The  fii'st  table  gives 
the  results  of  gagings  at  the  highway  bridge  just  below  the  Trowbridge 
dam,  on  the  west  line  of  sec.  12,  T.  1  N.,  R.  13  W.  The  second  table 
gives  the  results  of  similar  measurements  near  the  north-south  line  of 
sec.  22,  T.  2  S.,  R.  7  W.  (Emmet  Township,  3  miles  below  Oresco 
village).     The  di-ainage  area  at  this  point  is  489  square  miles. 

JMjichargf  mea^irnnentH  of  Kalaumzoo  River  altore  Allegan ^  Mich, 


Mva.siireint'Tils. 

Width  of  section feet. 

Area  of  section square  feet. . 

Central  surface  velocity  per  second feet. 

Mean  velocity  coefficient 

Mean  velocity  per  8e(!ond feet. 

Discharge second-feet. . ,  2, 536 

Discharge  j)er  square  mile do. . . 


Mar.  21. 

1S»7. 

May  19, 
1897. 

Oc-t.  7, 

1897. 

May  12, 
189S. 

154 

154 

154 

154 

746 

.510 

3;i8 

422.2 

4.10 

2.95 

2.35 

2.78 

.88 

.83 

.83  1 

.83 

8.40 

2.45 

1.95  1 

2.3 

,  586 

1,249.5 

(559.1     1 

970.1 

1    7'^ 

•'"1 

.85 

4.48 

.66 
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IHseharge  measurements  of  Kalamazoo  Hirer  3  miks  belov  Cere^co^  Mich. 


Measurements. 


Mav22, 

I       1897. 

I 


Area  croee-section square  feet. 

Central  8urfat*e  velocity  per  second feet. 

Mean  velocity  coefficient 

Mean  velocity  per  second feet. 

Discharge second-feet. 

Discharge  per  square  mile do. . . 


261 

2.21 

.83 

1.83 

478. 5 

.97 


Dec;.  8, 
1897. 


204 

1.64 

.83 

1.36 

277. 4 

.56 


The  following  tables  give  the  daily  discharge  and  run-otf  at  the 
Trowbridge  dam: 

Mean  daily  discharge ^   in  second-feet ^   of  Kalamazoo    Hirer  at    Trov^lrridge  dam^  iiear 

AU^gaUy  Mich. 


Day. 

Jan. 

1 
Feb.  j 

Mar. 

Apr. 

May. 

874 
933 
907 
863 
730 
845 
870 
847 
863 
863 
846 
900 
890 
895 
849 
790 
790 
800 
652 
645 
W5 
645 
686 
666 
716 
760 
645 
650 
650 
650 
701 

June. 

785 

850 

926 

801 

813 

812 

802 

808 

814 

814 

808 

845 

845 

837  1 

861 

822 

853 

837 

829 

861 

861 

867 

829 

833 

806 

914 

847 

771 

986 

773 

837 

Julr. 

852 

844 
71% 
778 
T77 
647 
797 
lai 
689 
663 
647 
738 
888 
420 
880 
841 
vS59 
858 
823 
829 
759 
753 
747 
741 
753 
844 
852 
696 
860 
827 
.HOO 

752 

Aug. 

822 
856 
828 
784 
872 
876 
883 
816 
804 
799 
660 
598 
660 
660 
GH 
514 
625 
727 
?26 
799 
804 
799 
796 
791 
624 
874 
848 
802 
829 
Kil 
8(K 

768 

Sept. 

Oft. 

Nov. 

861 
845 
721 
845 
803 
845 
967 

1,011 
946 
987 
987 
889 
912 

1,008 
823 
891 
751 
9&1 
790 
764 
694 
761 

Dec. 

1901. 
1  

1 

! 

823   404 
80:5   674 

637 

2 

837 

3    , 

810 
852 

578 
478 

747 

•* i 

4 

1,013 

1,041 

1,001 

1,027 

998 

1,003 

1,009 

977 

825 

870 

888 

878 

858 

1,004 

1,015 

762 

5       

811  ,  369 
590   172 
1*4)6   511 

746 

6   1 

739 

" - 1 

7 

764 

8 

570 

408 

739 

** I 

9 

570   525 

648  ,  482 

798 

10     .  ' ' 

786 

„ :..  : ' ' 

594 
829 

713 
743 

814 

12   ! 

865 

13        , 

829   879 
829  1,041 
782  j  892 
829   940 
857   996 

857 

«o. -  .--"I 

14 1 

979 

15   1 

824 

^'^ 1 

16       

821 

^** 1 

17       , 

698 

1 
18       

844 
829 
791 
811 
504 
610 
TM^ 

693 

7as 

785 
741 

838 
838 
690 
?29 
877 

700 

19 

952 
914 

631 

1 
20 

816 

^ 1 

21        

1 

939 
939 
983 
911 

905 
894 
926 
961 
836 

846 

22     ' 

1 

839 

23     

841  '  777 

959 

^ 1 

24 

858 
988 
907 
967 
975 
967 

777 
829 

761 
813 
869 

893 

1 
25      , 

781 

26       

868 

27       

! 

888 

28     

818 

^ 1 

29    ' 

668 

^ 1      ! 

30    

813 

879  ,  822 

a50 

*' 1 

81      ' 

882 

813 

741   847 

Mean 

r 

<M0 

776 

799 

_  _ 

1 
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Mean  dailif  d'm'harge^  in  ttecond-feet,  of  Kalamazoo  Rivrr  at    Troivbridtje   fiam,  itear 

AllegaVf  Mich. — Continued. 


Day. 


Jan.    Feb.    Mar. ;  Apr.    May.  June. 


1 

1902. 

,  687 

? 

....  1  733 

8 

. . . . '  748 

4 

. . . . '  094 

5 

....   673 

fi 

....   764 

7 

....'  7?2 

8 

1 
....   722 

9 

■  *i 
1  741 

10 

'  729 

n 

....'  738 

12 

086 

13 

....   673 

14 

801 

15 

657 

Id 

514 

17 

729 

18 

....  715 

19 

....   715 

?0 

....   715 

?1 

696 

2? 

682 

?3 

682 

?4 

619 

?5 

^ 

682 

'?f> 

....   5M 

'n 

8:^7 

W 

4:is 

?9 

....   521 

30 

....   C12 

31 

612 

Mean 

....';  681 

858 
837 
860 
636 
591 
612 
655 
553 
560 
679 
793 
751 
697 
697 
682 
()67 
524 
705 
593 
553 
613 
621 
834 
579 
729 
758 
758 
729 


'   Tr 


68;j 


957 

915 

817 

915 

945 

907 

822 

891 

739 

878 

739 

763 

829 

867 

829 

8.Vi 

637 

869 

867 

862 

945 

867 

913 

854 

935 

786 

924 

840 

960 

851 

798 

771 

863 

76^  , 

827 

843  ' 

747 

835  ' 

807 

635 

890 

776 

898 

867  1 

748 

739 

827 

778  ' 

867 

781 

851 

822 

875 

698 

953 

757 

898 

731 

820 

660  ' 

900 

1 

711, 

780  I 
768  I 

807 : 

795  ! 
907  I 
9?1 

873  I 
876  I 


831 
790  I 

854  [ 
869 
848  I 

855  I 
844  I 
825  I 
710  j 
811  I 
831  I 
751  I 
806  I 
801  I 
819  1 
824  ' 
801 
827 
801 
801 


737  1 
817  i 


710 
812 
812 
648 
749 
880 
817 
728 
838 
805 
743 
743 
797 
925 
776 
844 
767 
855 
789 
897 
853 


852 


812       816 


789  , 
839  I 
834  ! 
802  ' 
1,046 
1,178 
875 
758 

949 

I 

828  ' 


956 

1,006 

1,041 

1.026 

1,123 

1,072 

1,072 

981 

1,089 

1,067 

990 

992 

839 

851 

860 

699 

904 

807 

847 

863 

806 

814 

794  I 

847  ! 

859  I 

903  ' 

817  ' 

898     ; 

898 
892 

882  I 


843 

843 
711 
771 
863 
847 
871 
821 
902 
711 
807 
839 
888  I 

786  I 
788  I 
834  ; 
681  ' 
782 
791  I 
763  j 
786 

787  I 
844  ' 
699  ' 
769  ' 
846  ! 

831 
748 

680  '. 


T23 

723 

731 

632 

803 

822 

749 

696 

788 

845 

837 

837 

884  ^ 

250  j 

708 

647 

612  I 

612 

621 

564 

545 

810 

897 

921 

929 

972 

972 

807 

925 

972 


918       797  '     761 


Oct.  '  Nov. !  I>ec. 

I 


919 

964 

909  ;    9as 


892 
773 


932 
777 
856 
942 
906 
874 
926 
928 
716 
959 
952 
913 
921 
929 
921 
724 
916 
950 


9»4 

995 

973 

965 

900 

873 

988 

988 

924 

862 

996 

964 

817 

929 

926 

918 

926 

843 


902    1,020 
926       796 

I 

932  9H9 

988  967 

7H5  1,049 

898  805 

923  987 

944  991 

926  820 

807  ' 


1.0S3 

1.120 

I  1.130 

>  1.061 

1,070 

1.079 

810 

1.0S8 

1,074 

1.040 

1.079 

991 

9SS 

721 

934 

967 

85 

9^^ 

1,016 

1.118 

801 

964 

970 

901 

9»i 

926 

736 

6SQ 

s57 

931 

9H7 


900       923 


938 
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JCiftiinaied  monthly  discharge  of  Kalamazoo  River  at  Trowbridge  damj  Michigan. 

[Drainage  area,  1,471  square  miles.] 


Month. 


1901. 

April ^ 

May 

June 

July 

August 

September 

October 

November 

December 

1902. 

January  

Februarx' 

March 

April 

Mav 

June 

July 

August 

Septeml)er 

October 

November 

December 

The  year  . , . 


DischarKe  in  second-feet. 

Run-oflf. 

1 

Maximum. 

Minimum. 

Mean. 

Second - 

feet  per 

square 

mile. 

1 

'  Depth  in 
1    ineheK. 

1,041 

813 

940 

1 

0.64 

1 
1 

0.71 

933 

645 

776 

.53 

.61 

986 

771 

837 

.57 

.64 

888 

102 

752 

.51 

.59 

'            883 

514 

768 

.52 

.60 

i            857 

504 

741 

.50 

.56 

1,041 

172 

741 

.50 

.58 

1         1,011 

721 

847 

.57 

.64 

979 

631 

799 

.54 

.62 

1 

837 

438 

681 

0.  46 

0.53 

860 

524 

683 

.46 

.48 

960 

637 

852 

.58 

.67 

915 

635 

812 

.55 

.62 

931 

710 

816 

.55 

AU 

1,178 

648 

828 

.56 

.63 

1,123 

6^)9 

918 

.62 

.72 

902 

680 

797 

.54 

.62 

972 

250 

761 

.52 

.58 

988 

716 

900 

.61 

.70 

1,049 

773 

923 

.63 

.70 

1,120 

85 

938 

.64 
.56 

.73 

1,178 

86 

826 

7.62 

GRAJ^D   RIVER   DRAINAGE   BASIN. 

This  is  the  largest  stream  in  Michigan.  Its  drainage  basin,  which 
includes  a  total  area  of  5,572  square  miles,  is  situated  in  the  central 
portion  of  the  lower  peninsula,  and  drains  into  Lake  Michigan.  It 
lies  in  the  southern  border  of  the  pine  belt,  and  is  for  the  most  part 
cleared.  Occasional  tracts  of  forest  remain.  The  basin  receives  an 
annual  rainfall  varying  from  25  inches  in  the  region  of  the  headwaters 
to  30  or  35  inches  near  the  mouth  of  the  river. 

The  drainage  basin  is  comparatively  flat.  The  total  fall  of  the  river 
from  the  extreme  headwaters  to  the  mouth,  a  distance  of  more  than 
200  miles,  is  about  350  feet. 
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The  north  western  and  southeastern  portions  of  the  basin  are  thickly 
interspersed  with  small  lakes.  A  cofieiderable  number  of  these  have 
no  surface  outlets,  and  their  drainage  basins  do  not  contribute  to  the 
run-off  of  the  river  except  through  ground  water. 

GRAND   RIVER  AT  GRAND   RAPIDS,  MICH. 

A  gaging  station  was  established  at  the  Fulton  street  bridge,  Grand 
Rapids,  March  12,  1901,  and  a  record  of  the  stage  of  the  stream  at 
this  and  other  gages  in  the  city  has  been  maintained  by  L.  W.  Ander- 
son, city  engineer.  The  accompanying  table  gives  the  results  of  dis- 
charge measurements  made  by  Charles  Redman,  C.  E.  The  gage  is 
attached  to  the  upstream  end  of  the  ice  breaker  of  the  left-hand  bridge 
pier  and  has  its  zero  at  elevation  0.55  feet  below  the  city  datum.  All 
gage  readings,  as  well  as  the  stream  stage  given  in  the  table  of  dis- 
charge measurements,  have  been  reduced  to  elevations  above  city 
datum.  The  direction  of  the  current  makes  an  angle  of  10^  15'  with 
the  bridge  from  which  discharge  measurements  have  been  taken. 
The  discharge  measurements  have  been  made  with  a  large  Price  meter, 
No.  88,  b}"  the  0.6  depth  method.  A  rating  curve  has  been  prepared 
and  the  daily  discharge  and  run-off  have  been  calculated,  as  given  in 
the  accompanying  tables. 

The  mean  daily  readings  at  Wealthy  avenue  gage,  situated  lielow 
the  Fulton  street  station,  are  also  given.  These  readings  were  taken 
on  the  United  States  engineers'  gage,  which  has  its  datmii  7.38  feet 
below  (irrand  Rapids  city  datum. 

DMtarge  niecururemeiiUt  of  Grand  River  at  Fulton  street  bridge.  Grand  Rapids,  Micft. 


Date. 


Hydrographer. 


1901. 

March  15 '  Charles  Redman 

I 

March  16 do 

March  18 do 

March  22 ' do 

March  23 do 

April  8 do 

April  11 do 

April  13 do 

Mav  3 , do 

June  3 ' do 

June  28 do 

September  27 | do 

October  8 <lo 

19()2. 
April  3 do 


Gageheigrht. 


-0.1/ 


DiMrhaive. 


Fed. 

Sceond-feti. 

3.73 

6,033 

4.13 

6,035 

4.96 

7,830 

9.87 

18,146 

10.47 

20,324 

3.86 

7,234 

2.79 

5,  759 

2.18 

4,783 

1.34 

3,883 

.46 

2,847 

-    .15 

1,749 

-   .30 

1,466 

-  .45 

1,276 

9, 305 
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yfean  daily  ga^e  height y  in  feet,  of  Grand  River  at  FtiUon  street.  Grand  Rapids,  Mich. 


Day. 

Jan. 

0.57 
.52 
.79 
.67 
.54 
.69 
.39 
.26 
.26 
.30 
.34 
.25 
.47 
.28 
.28 
.20 
.30 
.00 

-.08 
.08 

-.17 

-.21 
.19 

-.10 
.19 

-.27 
.50 
.65 
.37 
.•27 
.09 

Feb. 

Mar. 

»"- 

3.32 
3.71 
3.82 
3.90 

Apr. 

4.60 
5.02 
5.16 
5.02 

May. 

1 
June.  July. 

Aug. 

1.84 
1.68 

1.46 

1.30 

1.08 

.97 

.80 

.68 



.46 

.42 
.40 
.26 
.13 
.13 

.05 
.18 
.22 
.18 
.18 
.22 

.26 
.20 
.38 
.43 
.     .43 
,     .43 

Sept. 

Oct. 

Nov. 

Dec. 

1902. 
1 

0.06 

-.16 

.16 

.08 

.16 

.20 

.21 

.10 

-.07 

.22 

.08 

-.03 

.03 

-.04 

-.07 

-.28 

.08 

-.11 

-.06 

--.21 

-.20 

-.21 

-.26 

.00 

-.19 

.06 

.38 

1.71 

_1ft 

1.20 
1.02 
1.01 
1.11 
1.65 
1.99 
3.54 
4.64 
4.90 
5.37 
5.21 

1.44 

0.55     1.86 
.60     5.68 

1 

: 

0.80 

2.40 

0.95  . 

1.13 

o 

.55     2.40    

1.13 

3 

.70     2.30 
.53  j  2.15 
.28    

.78 
.83 
1.08 
2.20 
2.80 
3.35 

3.10 
2.80 
2.58 
2.35 
2.25 
2.45 

2.45 
2,43 
2.33 
2.23 
2.18 
2.08 

1.93 
1.80 
1.53 

1.18 
1.13 

1.50 

4 

.71 
.85 

6.78 
7.15 

1.95 

5 

8.63  '  4.63 

2.35 

6 

3.19 
2.56 

4.32 
3.95 

.72    

.36 

2.65 

7..................    ... 

.84 

7.24 
7.25 

1.28 

H 

2.81  1  3.69 
2.10  ;  3.34 
1.75     3.03 
1.71  j  2.76 
2.57  j  2.48 

6.46  2.12 

5.96  1.90 
6.15     1.76 

6.24  1.44 

6.97  1  1.23 

6.47  1.17 
5.26       .98 

4.25  1     .84 

.64 
.63 

1.28 
1.35 

2.00 

9 

.89     7.40 

1.60 

10 

1.29 
1.41 

6.89 
6.02 
5.06 

3.69 
3.17 
2.80 
2.44 
2.26 
2.26 

.45     1.28 

1.45 

11 

.56 
.48 
.70 

.70 

1.16 

1.88 
2.03 
2.13 

1.43 

12 

4.90     1.32 
4.45     1.16 

1.23 

13 

1.20 

4.09 
3.68 
3.34 
2.95 

2.85 
2.83 
2.74 
2.68 

1.20 

1.93 
2.04 
1.95 
1.76 
1.65 

\h       

1.10 

16 

.75     1.95 
.70     1.68 

1.28 

17 

1.45 

18 

19 

20 

.60 
.50 
.48 

.50 
.40 
.21 
.35 
.54 
1.28 

1.93 

1.45 

1.23 
1.08 
1.05 
1.08 
1.05 
1.06 

1.10 
1.10 
1.10 

1.48 
1.53 
1.80 

21 

3.86 

.76 

1.65  ^  2.79 

3.52  1     .71 

1.15 

1.02 

1.01 

.92 

.85 

.64 

.97 

8.08 
3.40 
3.48 
3.21 
3.14 

2.71 
2.51 
2.33 
2.09 

3.66 

23 

3.13  >     .60     2.59 

S.93 

24 

25   

2.87 
'     2.52 

.51 
.44 

2.55 

1.98 
1.63 
1.30 
1.02 
1.00 
.66 

3.68 
...... 

2.31  .     .58 

3.38 

27 

2.03 
1.99 

.89 
1  1.33 

2.90 

29 

2.20  1  1.60 

2.50 

30 

2.79 
3.65 

1.43 

2. 00     1. 10 

2.58 

31 

1.00 

2.60 

TOO    9l*A       i 

274 


STREAM   MEASUREMENTS    IN    1902,   PART   II. 


[NO.  83. 


Mean  daily  gage  height^  in  fed,  of  Grand  River  at  Wealthy  avenuey  Grand  Rapids,  Mich. 


Day 


Jan.     Feb. 


Mar. 


1. 
2. 


5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


1902. 


7.39  1 

6.65  ' 

j 

10.52 

11.64 

7.42  1 

6.41 

10.86 

12.08 

7.67  1 

6.71  j 

10.92 

12.20 

7.48 

6.59 

10.95 

12.06 

7.80  ' 

6.51 

10.74 

11.65 

7.44 

6.42 

10.21 

11.34 

7.22, 

6.57 

9.61 

11.08 

7.13  1 

6.59 

9.34 

10.66 

7.11 

6.47 

9.08 

10.35 

7.12 

6.69 

8.71 

10.02 

7.23 

6.52 

8.65 

9.74 

7.22 

6.46 

9.55 

9.47 

7.29 

6.45 

12.56 

9.14 

7.15 

6.44 

13.13 

8.88 

7.05 

6.39 

13.22 

8.70 

6.96 

6.18 

13.33 

8.40 

6.87 

6.61 

13.08 

8.19 

6.80 

6.50 

12.55 

8.07 

6.60 

6.55 

11.84 

7.84 

6.75 

6.29 

11.30 

7.65 

6.65 

6.38 

10.92 

.  7.72 

6.53 

6.30 

10.63 

7.59 

6.47 

6.61 

10.13 

7.46 

6.55 

6.84 

9.90 

7.33 

6.41 

6.74 

9.52 

7.24 

6.27 

6.79 

9.26 

7.38 

6.40 

7.23 

9.00 

7.71 

7.67 

8.79 

8.94 

8.20 

7.21 

9.18 

8.43 

6.94 

9.83 

8.35 

6.80 

10.68 



Apr.     May. 


8.10 
7.90 
7.85) 
7.98 
8.05  , 
8.93 
10.54 
11.69  ' 
12.06  I 
12.42  I 
12.26  , 
11.96  I 
11.50 
11.13  I 
10.70 
11.36  ! 
9.93  ' 

9.85 
9.87  I 
9.69  1 
9.64  I 

9.58  ' 

1 
9.54  ; 

8.95 

8.56  ' 

8.23 

7.93 

7.74 

7.40 


Jane. 

1 
July. 

1 

1 
8.33  ' 

7.35 

8.80 

7.45 

12.79 

7.55 

13.93 

7.71 

14.25  , 

7.64 

1 
1 

7.70 

14.33 

14.88  1 

7.73 

14.54 

8.19 

14.04  ' 

8.31 

13.13 

8.17 

11.77  ' 

8.05 

I 

8.06 

10. 75  , 

10.28 

8.82 

9.95 

8.98 
8.87 
8.68 
o.  oSf 
8.50 

8.01 
7.89 
7.88 
7,74 
7.63 
7.50 

7.88 


9.59 
9.29 
9.33 

9.77 
10.08 
10.41 
10.52  j 
10.29  ' 
10. 16  ! 

I 

9.77  i 

9.58  I 
9.44  I 
9.18  I 


Aug. 

Sept. 

8.86 

6.53 

8.86 

5.66 

5.53 

8.47 

5.78 

8.31 

5.86 

8.09 

6.95 

8.00 

7.78 

5.75 

7.54 

5.84 

5,83 

7.44 

5.71 

7.33 

5.73 

7.20 

5.72 

7.06 

6.93 

5.49 

6.88 

5.52 

5.60 

6.60 

.5.53 

6.56 

5.69 

6.49 

5.89 

6.44 

6.38 

6.73 

6.32 

5.98 

6.18 
6.22 
6.05 
5.97 
5.90 
5.84 


I 


6.71 
7.09 
7.39 

8.14 


8.85 
8.93 


I 
Oct,  I  Nov.    Dec 


I  1 

I  9.33  ,  7.88       8.  OK 

9.40    ,     8W 

,  9.25     7.73       ^.i-n 

9.10      7.78       8,90 

a08       9.30 

9.15       9.60 

8.23     9.75    

8-20    10.28       8.96 

8.28    8.55 

8.28    10.05       8.40 

8,10     9.75       8.35 

9.53       8,li^ 

'  8.80     9.30       8.15 

9.00     9.22    

9.13     9.40    

,  8.90  , 

i  8.68  ,  9.38    

8.40  '  9.40    

9.28    

8.15  '  9.18    

7.98     9.13    

7.98     9.03    

8.08    

8.08     8.88    

8.00     8.70    

I  I 

8.48    

8.05  ' 

8.06  8.13    

8.05  i  8.08    

!  8.05  1 

I  7.95  1 
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Mean  daily  discharge,  in  aecond-feetj  of  Grand  River  at  Fulton  street ,  Grand  Rapids^  Mich, 


Mean 
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[2CO.  iJil. 


}fean  daily  dMiargey  in  second-feel^  of  Grand  River  at  Fulton  street,  Grand  Rapids, 

Mich.  — Ck>ntinued. 


Day. 


1902. 


Jan. 


Feb.  ,  Mar. 


1 2,612 

2 2,546 

3 '  2,942 

4 2,744  j 

5 '  2,612  j 

6 2,810  j 

7 2,898  j 

8 2,204  ! 

9 2,204  i 

10 '  2,270 

11 2,332 

12 '  2,204 

13 2,480 

14 2,270 

15 2,270 

16 2,042 

17 2,270 

18 1,884 

19 1.780 

20 2,014 

21 1,666 

22 1.628 

23 2,142 

24 1,756 

25 2,142 

26 1,538 

27 2,646 

28 2.744 

29 2, 332 

30 2,204 

31 2,014 


Miuin 


2,245 


1,948 
1,692 
2,076 
2,014 
2,076 
2,142 
2,142 
2,014 
1,794 
2,142 
2,014 
1,846 
1,948 
1.820 
1,794 
1,524 
2.014 
1,742 
1.820 
1,628 


1.628 

1,628 

1,564 

1,884 

1,628 

1,948 

2,398 

4,176 

1,965 

I  6,471 

I  7,058 

I  7,208 

!  7,363 

<  6,980 

'  6,325 

I  5, 376 

I  5,010 

j  4,730 

I  4,240 

4,176 

5,376 

9,770 

10,600 

10,932 

11.098 

10,600 

9,770 

9,412 

7,880 

7,280 

6,836 

6,252 

5,814 

5,300 

5,010 

4,660 

4,.')90 

4,870 

5,738 

6.980 

6,898 


Apr.  1  May. 


8,411 
9,027 
9,258 
9,027 
8,488 
7,957 
7,430 
7,0)3 
6,544 
6.106 
5,668 
6,300 
4,730 
4,456 
4,240 
3,820 
3,536 
3,404 
8,216 
3,0C8 
2,876 
2,810 
2,678 
2,546 
2,480 
2,678 
3,074 
3,668 
3,886 
3,820 


3,470 
8,1?6 
3.196 
3.348 
4,100 
4,586 
6,836 
8,488 
8,950 
9,566 
9,335 
8,873 
8,180 
7,657 
7,063 
6,544 
5.960 


June. 


,  5,814 
I  6,814 
;  5,668 
I  5,592 
5,446 
5,376 


4,590 

4,100 

1  8,612 

3,196 

'  3,206 

I  2,612 


2,612 
2,678 
2,810 
3,008 
2.810 
3,008 


3,074 
3.612 
3,744 
3,612 
8.404 
3,480 


5,039     5,667 


4.520 
4,660 
4,520 
4,240 
4,100 
3,960 


3,404 
3,216 
3,216 
3,074 
3,008 
2,744 


3,140 


July.     Aug.     Sept. 


3.820 

4,880 

10,179 

12,130 

12,760 


12,940 
12,940 
13,260 
12,310 
10,680 
9,104 


7,063 
6,252 
5,738 
6,230 
4,940 
4,940 


6,738 
6,179 
6,617 
6.680 
6,326 
6,252 


5,592 

5,300 

5.080 

!  4.780 


4,880 
4,176 


8,820 
3,612 
3,206 
8,140 
2.942 
2,678 


2,942 

2,612 

'  2,810 

i  2,612 

2.270 

I  2,332 


2.480 
2,398 
2,398 
2,204 
2,076 
2,076 


2,612 

2,744 

2,480 

1  2,678 

I  2,546 

!  2,810 


1,948 
2.076 
2, 142 
2,076 
2,076 
2,142 


I  2.810 
i  2,876 
2,810 
2,678 
2.546 
2,546 


2,204 
2, 142 
2,398 
2,480 
2,480 
2,480 


3,426     7,709 


2,624 


2.546 
2.398 
2,142 
2,332 
2,612 
3,612 

4,620 
4.596 


6,150 
5.150 
5.010 
4,800 


3,612 
3,612 
3,668 
8,612 
8,404 


S,140 

! 

2,942 
;  S.006 
]  8,348 
■  4,730 
'  5,738 
I  6,544 


4,466 
4,660 
4,800 
4,520 
4,176 
3,820 


.  6.179 
5.788 
5.446 
'  5,080 
■■  4,940 
\  5.230 

!  5,280 
'  5,230 
'  5.080 
!  4.940 
I  4,870 
4.730 


2,787 


3,536 

3.348 

3,272 

3.348 

3,272  '  4,520 

3.272  I  4,316 

1  3,960 

3,348  1 

3,348  ,  3,480 
3,348  3,404 
3.318  ' 

3,206  I 

1 

3.888  i  4.659 


Dec. 


3.401 
3.4f4 
3,816 
4,5r.D 
5.ft« 

5.iTj2 


4,5'^ 

4,a£ 

3,R» 
3,8» 
3.5S6 
S.4»!0 


3,3« 
3.612 
3.  SIS) 
3.896 
3.960 
4.316 


6.»« 
7,4» 
6.9HD 


6.617 
6.*4 


5,300 
5.446 
5.4* 


4.698 
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Kfiimaled  monthly  discharge  of  Grand  River  at  Grand  Rapid»,  Mich. 

[Drainage  area,  4,900  square  miles.] 


Month. 


1901. 


DiachaiKe  In  second-feet. 


Maximum.     Minimum. 


Mean. 


March 
April . 


May 

June 

July 

AugOBt 

September 
October  . . 
November 
Dei*ember 


26,480  i 
18,255  I 
4,240 
3,404 
11,950  1 
2, 810  ■ 
3,008 
4,590 
2,948 


The  year 

1902. 

January  

February 

March 

April 

Mav 

June 

July 

Auguflt 

St»pteniber 

October 

November 

December 


4,240 
3,960 
2,480 
1,742 
1,666 
1,040 
1,362 
730 
1,756 


5,230 

1,372 

26,480 

730 

2,942 

1,628 

4,176 

1,524 

11,098 

4,176 

9,258 

2,480 

9,566 

3,196 

4,660 

2,612 

13,260 

3,820 

4,380 

1,948 

4,596 

2,142 

5,150 

3, 272 

6,544 

3,008 

7,430 

3,348 

15,96:^ 
6,827 
3, 20^) 
2,386 
4,507 
1,864 
1,924 
2,305 
2,073 
3,168 


Run-off. 


Second- 
feet  per 
square 
mile. 


The  year 13, 260 


1,524 


2, 245 
1,965 
6,893 
5,039 
5,667 
3,426 
7,709 
2,624 
2,787 
3,888 
4,659 
4,698 

4,300 


3. 25 
1.39 
.66 
.49 
.92 
.38 

.47 
.42 
.65 


Depth  In 
Inches. 


3.  75 
1.55 
.76 
.55 
1.06 
.44 
.44 
.54 
.47 
.75 


10.33 


.46 

.53 

.40 

.42 

1.41 

1.63 

1.03 

1.15 

1.15 

1.33 

.70 

.78 

1.57 

1.81 

.  53 

.61 

.57 

.63 

.79 

.91 

.95 

1.05 

.96 

1.10 

.88 

11.95 

CROCKERY   CKEEK   AT   8LOCUMS   GROVE,  MICHIGAN. 

Crockery  Creek  is  a  tributary  of  Grand  River,  Michigan.  It  rises 
in  T.  11  N.,  R..13  W..,  and  flows  southerl}'^  througli  central  Muskegon 
County,  entering  Grand  River  10  miles  from  Lake  Michigan.  A 
gaging  station  was  established  at  the  Toledo,  Saginaw  and  Muskegon 
(Pere  Marquette  system)  Railroad  bridge  at  Slocum  Station,  on  the 
north  branch  of  the  stream,  October  1,  1902.     The  gaging  station  was 
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CHtablished  in  cooperation  with  (Charles  W.  Garfield,  president  of  the 
State  forestry  commission,  and  Walter  C.  Winchester,  of  the  Foster- 
Winchester  Lumber  Company,  of  Grand  Rapids.  The  gage  scaXc  i^ 
attached  vertically  to  the  bridge  piling  on  the  left-hand  end,  down- 
stream side  of  bridge.  A  reading  was  taken  once  each  day,  as  a  rule, 
during  a  part  of  November  and  December,  1902,  by  Ray  M.  Beaixisley. 
December  0,  1902,  the  record  was  discontinued  for  the  winter,  owincr 
to  obstruction  of  the  stream  channel  by  ice. 

The  bench  mark  is  the  top  of  the  timl)er  pile  coping  over  the  gugt^: 
elevation,  100  feet.  The  elevation  of  the  zero  of  the  gage  is  s2.43 
feet. 

The  gage  is  located  about  1,000  feet  below  a  dam  forming  a  log 
pond  for  the  Foster- Winchester  sawmill.  The  pond  level  is  regulated 
by  flashboards,  and  the  flow  past  the  gage  varies  accordingly.  A  dis- 
charge measurement  by  W.  V.  Savicki,  October  4,  1902.  gage  height 
1.4,  gave  a  discharge  of  97.7  second-feet. 

The  drainage  area,  as  nearly  as  may  be  determined  in  the  absence 
of  topographic  maps,  is  as  follows:^ 

Crockery  Creek  drainage  area. 


Location. 


Above  Slocum 
Above  mouth . 


Square  miles. 


Increment, 
square  miles. 


45 
174 


12!» 


The  length  of  the  stream  above  the  gaging  station  is  about  10  miles. 
Beginning  at  Slocum,  extending  upstream  and  covering  an  aggregate 
area  of  between  5,0(MJ  and  6,000  acres,  is  a  hard- wood  and  hemloi^k 
forest  which  is  'now  being  lumbered.  The  remainder  of  the  basin  b* 
mostly  cleared  and  much  is  under  cultivation.  The  soil  is  sjind^^  and 
after  the  timber  is  cut  the  hitherto  forest-covered  area  rapidly  grows 
up  to  brush  and  shrubs,  so  that  the  soil  is  shaded  and  protected  much 
as  in  the  original  forest. 

Aside  from  the  lumbering  dam  at  Slocum,  there  are  no  lakes  or 
dams  within  the  basin  above  the  point  of  gaging. 

u  From  John  F.  Nellist,  rcid  map  of  Lower  Michigan. 
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Iktily  gaije  helghiy  infeet^  of  Crijchenj  Creek  at  Slocums  Grove,  Mich, 


l>ate. 

Gage 
height. 

Date. 

Gage 
height. 

1902. 
October  31 

Feei. 
1.3 
1.2 
1.1 
1.1 
1.0 
2.4 
2.3 
1.5 

1902. 
'  November  13 

Feet. 
0.7 

November  1   

November  14 

.8 

Noveinl)er  2 

1  November  15 

November  If) 

.8 

November  3 •_ 

1.1 

November  4 

November  17 

1.1 

November  5 

November  18 

1.2 

November  6 

1 
November  19 

1.1 

November  7 

November  20 

1.0 

November  8 

1 

November  21  ". 

1.2 

November  9 

1.3 
1.4 
1.3 

.8 

November  22 

1.1 

N  ovember  10 

1  December  4 

December  5 

1.2 

November  11 

1.3 

November  12 

December  6 

1.3 

' 

GRAND   RIVER  AT   NORTH    LANSING,  MICH. 

The  gaging  station,  which  is  located  at  Seymour  street  bridge, 
North  Lansing,  was  established  by  H.  K.  Vedder,  C.  E.,  March  2, 
1901.  The  gage  is  attached  vertically  to  the  downstream  end  of  the 
central  pier  of  the  bridge,  and  is  read  twice  each  day  by  Thomas  Costi- 
gan.  The  bridge  has  two  spans  of  92  feet  each.  The  bed  is  of  earth 
and  the  current  is  smooth  and  uniform. 

About  November  8,  1901,  a  low  submerged  dam  was  constructed  a 
short  distance  downstream  from  the  gaging  station  to  furnish  water 
supph^  to  the  adjacent  factory  of  the  Michigan  Beet  Sugar  Company 
during  its  season  of  operation.  In  this  factory  the  beets  are  trans- 
ferred from  the  storage  bins  to  the  various  operations  by  floating  in 
troughs  of  water.  The  diversion  is  small,  compared  with  the  flow  of 
the  stream.  In  order  to  determine  the  effect  of  the  submerged  dam 
on  the  gage  readings,  a  second  gage  has  been  established  a  short  dis- 
tance downstream  and  comparative  readings  have  been  taken,  from 
which  the  gage  readings  prior  to  the  construction  of  the  dam  have 
been  corrected  to  conform  to  the  later  readings.  A  rating  table  has 
been  prepared  by  means  of  discharge  measurements  made  during  1902 
and  1903. 

The  gaging  station  is  located  a  short  distance  below  the  North 
Lansing  dam  and  is  but  little  affected  by  ice.  Water-power  improve- 
ments and  extensions  are  contemplated  on  this  stream  at  North 
Lansing,  and  at  Delta,  8  miles  below. 
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[M*.  Si. 


jjischarge  meas-uretnents  of  Grand  River  at  Seymour  street ^  North  Latunrtg,  Mteh. 


Date. 


Hydrogmpher. 


Gage  height.    Diisfluirse- 


1902.  I 

March  22 H.  K.  Vedder 

August  27 R.  E.  Horton 

August  30 do 

September  'M) W.  M.  Gregory .». 

October  6 W.  V.  Savicki 

October  8 do 

October  10 do 


Feet. 

S*:t'miil-Jr^ 

4.  36 

1,3S6 

«  2. 50 

'i  :is-j 

«  2.  46 

:«7 

1.80 

2^J 

4.58 

1,54S 

5.40  ' 

1,994 

4.27 

1,290 

rt  (}age  height  raised  by  temporary  extension  of  submerged  dam  below. 
Mean  daily  gage  Jieighiy  in  feet,  of  Grand  River  at  North  Ixinsing,  Mich. 


Day. 

Jan. 

P^eb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1  Nov. 

1  Dec. 

1902. 

1 

1 

3.36 
3.21 
3.92 
2.85 
2.55 
2.75 
3.05 
3.12 
2.86 
3.14 
2.93 

1.54 
1.60 
2.10 
2.28 
2.35 
2.40 
2.90 
2.95 
1.80 
2.43 
2.56 

5.66 
5.60 
5.20 
4.80 
4.51 
4.19 
3.89 
3.94 
3.84 
3.92 
4.02 

6.20 
6.09 
5.71 
6.50 
5.30 
4.98 
4.73 
4.49 
4.35 
4.20 
4.00 

8.80 
3.30 
3.15 
3.34 
3.52 
3.90 
5.60 
6.69 
6.36 
5.70 
5.43 

2.75 
2.90 
2.95 
8.08 
2.84 
2.65 
3.50 
4.86 
4.72 
4.40 
4.04 

5.23 
5.60 
6.54 
7.65 
9. 73 
9.50 
8.23 
6.84 
6.20 
5.56 
5.04 

4.15 
4.40 
4.20 
3.95 
3.69 
3.56 
3.39 
3.87 
3.25 
3.29 
3.22 

2.20 
2.46 
2.30 
2.35 
1.83 
2.20 
1.90 
2.05 
2.05 
2.10 
2.15 

5.68 
5.33 
4.83 
4.33 
4.00 
4.34 
4.68 
4.52 
4.30 
4.00 
3.68 

2  47 

1     2.75 

2.69 

2.63 

'     2.67 

3.35 

'     S.K! 

3.85 

3.63 

3.42 

3.30 

2.91 

2 

2.99 

3 

3.66 

4 

4.40 

5 

4.  as 

6 •... 

4.00 

7 

3.h6 

8 

3.60 

9 

3.13 

10 

2.96 

11 

3.02 

12 

2.60 

2.45 

4.86 

3.90 

4.94 

8.68 

4.63 

3.06 

2.08 

3.70 

3.28 

3.12 

13 

2.66 

2.31 

6.06 

3.76 

4.62 

3.75 

4.43 

8.13 

2.15 

3.49 

3.06 

2.74 

14 

3.05 

2.34 

6.08 

3.60 

4.49 

4.63 

4.26 

3.00 

2.09 

3.48 

3.2.S 

2.58 

15 

3.05 

2.80 

5.74 

'3.50 

4.45 

5.03 

4.08 

3.00 

2.13 

3.43 

3.30 

•2.77 

16 

3.00 

1.40 

5.29 

3.44 

4.16 

5.05 

3.91 

3.05 

2. 13 

8.39 

3.33  1 

2.7S 

17 

2.93 

2.60 

5.49 

3.25 

3.74 

4.99 

3.68 

2.90 

1.85 

3.27 

3.56  ' 

3.00 

18 

3.33 

2.50 

4.95 

3.20 

3.90 

4.91 

3.79 

2.75 

1.95 

3.18 

3.90 

3.20 

19 

2.65 

2.35 

4.59 

3.13 

4.43 

4.86 

4.28 

2.73 

1.89 

3.31 

3. 78 

S.19 

20 

2.79 

2.20 

4.47 

3.27 

4.84 

4.30 

5.50 

2.72 

1.78 

3.28 

3.66 

3.23 

21 

2.85 

2.73 

4.25 

3.00 

4.85 

3.91 

6.08 

2.48 

2.02 

3.24 

3.40 

4.00 

22 

2.74 

2.40 

4.11 

3.00 

4.69 

3.75 

6.24 

2.28 

1.85 

3.27 

3..S5  1 

4.80 

23 

2.75 

1.25 

4.17 

2.70 

4.29 

3.48 

5.90 

2.23 

2.03 

3.01 

3.31  ! 

5.18 

24 

2.58 

1.90 

3.95 

2.55 

4.00 

3.15 

5.46 

2.51 

2.33 

2.89 

3.13 

4.76 

25 ; 

2.74 

2.40 

3.87 

2.76 

3.82 

3.24 

5.03 

2.69 

4.43 

2.77 

3.01  1 

3-70 

26 

2.18 

2.28 

3.72 

4.10 

3.72 

3.00 

4.65 

2.39 

6.13 

2.81 

2.85 

8.  ST 

27 

2,75 

4.04 

3.55 

4.65 

3.41 

2.90 

4.65 

2.26 

4.84 

2.98 

2.89  ' 

S.*"^ 

28 

2.90 

5.00 

3.49 

4.25 

3.12 

2.73 

4.80 

2.15 

5.66 

3.16 

2.79  1 

3..=» 

29 

2.78 

4.;» 

3.88 

3.14 

3.15 

4.16 

2.28 

5.79 

3.00 

2.81  \ 

S.W 

80 

4.34 

5.08 

3.60 

3.a5 

4.10 

3.89 

2.13 

5.94 

2.87 

2.91  1 

3. 60 

31 

2.18 



5.60 

2.88 

3.69 

1.95 

2.63 

1 

3.37 

NKWKLi..] 
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Mean  daUy  diachargey  in  seccmd-feetj  of  Grand  Rivei'  at  North  Landing ^  Mich. 


28 ' !  4,362 

29 ! I  8,584 

30 ' I I  2,924 

2,538 
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Mean  daily  discharge,  hi  second-feet,  of  Grand  River  at  North  Larmng,  Mich. — Cont^d. 


Day 


Juu. 


1902.     ' 

1 *  864 

2 1  798 

3 710 

4 653 

5 1  539 

6 ,  615 

7 1  7»2 

8 754 

9 653 

10 776 

11 672 

12 520 

13 574 

14 732 

15 732 

16 710 

17 ■  791 

18 ,  864 

19 574 

20 6:J4 

21 '  653 

22 '  615 

23 615 

24 558 

25 615 

26 424 

27 615 

28 672 

29 634 

30 1,369 

31 424 


Feb. 

Mar. 

Apr. 

May. 

June. 

\  July. 

Aug. 

Sept. 

Oct. 

Nov.  1 

1 

Dec. 

234 

2,159 

2,538 

842 

1 
612     1,905 

1,261 

248 

2,192 

1 
MM 

t;72 

248 

2.126 

2,464 

842 

672  1  2,126 

1,396 

318 

1.967 

615  < 

710 

392 

1.874 

2.192 

776 

694  1  2,801 

1,288 

276 

1,660 

596  i 

1.005 

456 

1,630 

2,060 

mi 

751  1  3,780 

1,155 

290 

1.369 

577 

^  ^x 

472 

1,450 

1.936 

930 

653  ,  6,565 

1,030 

150 

1.180 

577' 

1 

h2& 

488 

1,288 

1,750 

1,130 

577     6, 120 

955 

248 

1,369 

864  1 

i,m 

672 

1,130 

1,600 

2. 1-26 

930     4,420 

886 

164 

1,570 

1.080 

1.106 

691 

1,155 

1.450 

2.924 

1,369  1  3,047 

864 

206 

1,450 

1.106 

%fl 

304 

1,105 

1,369 

2,649 

1,570  1  2.538 

820 

206 

1,342 

1,005 

776 

504 

1.130 

1,288 

2,192 

1,396  1  2,091 

S12 

220 

1.180 

1       886 

&i 

539 

1,180 

1,180 

2,029 

1,207  1  1,781 

798 

234 

1,030 

842 

710 

504 

1,660 

1,130 

1,?20 

1,030  I  1,540 

732 

220 

1,030 

842 

754 

456 

2.427 

1,055 

1,510 

l.aW     1,423 

776 

234 

930 

754  1 

615 

472 

2.464 

980 

1,450 

1.510     1,315 

710 

220 

990 

820  , 

55S 

634 

2,225 

930 

1,42:} 

1,781      1,234 

710 

234 

908 

,       ^42  , 

615 

192 

1,986 

908 

1.261 

1,781     1,130 

732 

408 

886 

'       886* 

634 

558 

2,060 

820 

1.055 

1,750 

1.030 

672 

318 

842 

955  ! 

710 

520 

1,720 

798 

1,130 

1,690  '  1,080 

615 

346 

798 

1,130  1 

7*i 

472 

1, 510 

776 

1,423 

1.369     1,342 

615 

332 

842 

1,080 

7S8 

424 

1,423 

820 

1,657 

1,342  1  2,060 

596 

901 

842 

\,0f& 

830 

615 

1,315 

710 

1,660 

1,130     2.4M 

520 

360 

820 

■      886  1 

440 

488 

1,234 

710 

1,570 

1,055 

2.575, 

456 

318 

"  842 

864 

732 

150 

1,261 

596 

1,342 

930 

2,324, 

440 

376 

732 

842 

9W 

332 

1,155 

539 

1,180 

776     2,a29  I 

520 

472 

672 

'       776  1 

710 

488 

1,105 

615 

1,080 

820     1,781  ^ 

558 

1.423 

615 

1      710  . 

346 

456 

1,030 

1,234 

1,030 

710     1,540  1 

488 

1,»43 

634 

653  ' 

248 

1,207 

955 

1,M0 

88(i 

672     1,540  ! 

440  . 

1,657 

710 

672, 

•276 

1,750 

930 

1,315 

754 

612  ;  1,342 

2&i  ' 

2,159 

776 

634 

tso 

1,396 

1.130 

776 

776  1  1,261  i 

276 

2,258 

710 

CS4 

1.006 

1,812 

980 

732 

1,2^4  1  1,130 

234 

2,357 

672 

672  1 

9N) 

2, 126 

6?2 

1.030 

,                          1 

178 

577 

1 

864 
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Estimated  nimithhj  diftchnrge  of  Grand  River  at  North  Laimngy  Mich. 

[Drainage  area,  1,230  square  miles.] 


March 

April 

May 

June 

July 

August 

September 
October  .. 
November 
December 


January  . . 
February  . 

March 

April 

May 

June 

July 

August 

September 
October  .. 
November 
December 


Month. 


1901. 


1902. 


DiHcharge  in  seoond-fcet. 


Maximum. 


9, 035 
2,225 
1,055 

710 
3, 262 
1,080 

886 
1,843 


The  year 


634 

1,570 

1,369 

1,750 

2,464 

2,538 

2,924 

1,781 

6,565 

l,39(i 

2,  :i57 

2,192 

1,130 

1,390 

6,565 

Minimum. 


Mean. 


Run-off. 


456 

798 

:i60 

262  I 

424 

488 

276 

234 

178 

392 

424 
150 
930 
539 
672 
577 
1,030 
178 
150 
577 
504 
248 


150 


3, 36:^ 
1,305 
596 
417 
954 
715 
538 
633 
435 
813 

680 

525 

1,547 

1,247 

1,342 

1,081 

2,2(H  I 

703 

613 

1,034 

810 

764 

1,046 


Second- 
feet  per 
square 
mile. 


2.73 
1.06 
.48 
.34 
.78 
.58 
.44 
.51 
.35 
.66 

.55 
.43 
1.26 
1.02 
1.09 
■  .88 
1.78 


.57 


.50 
.84 
.66 
.62 

.85 


Depth  ill 

inches. 


3. 15 
1.18 
.55 
.38 
.90 
.67 
.49 
.59 
.39 
.76 

.63 

.45 

1.45 

1.14 

1.26 

.98 

2.05 

.66 

.56 

.97 

.73 

.71 


11.59 


RED   CEDAR   RIVER   AT   AGRICULTURAL   COLLEGE,  MICH. 

This  gaging  .station  was  established  August  30,  1902.  The  gage  is 
located  at  the  highway  bridge  just  below  the  Agricultural  College 
grounds.  The  bridge  has  a  single  span  of  75  feet  between  abutments. 
The  bed  is  of  sand  and  gravel,  fairly  smooth  and  permanent.  The 
channel  is  straight  for  a  distance  of  about  400  feet  downstream  from 
the  gage.  A  short  distance  upstream  is  a  low  dam  forming  an  ice 
pond,  below  which  the  stream  does  not  ordinarily  freeze  over.  In  this 
stretch  of  the  river  is  the  railroad  bridge  of  the  college  spur  of  the 
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Pere  Marquette  Railroad,  from  which  gagings  are  made  at  high  water 
or  when  the  stream  is  frozen  across  at  the  gaging  station.  Near  this 
bridge  low-water  measurements  are  also  made  by  wading.  The  gage 
is  of  the  usual  w^ire  typo,  and  is  attached  to  the  downstream  guard  rail 
of  the  bridge.  The  upstream  corner  of  the  right-hand  wing  wall  of 
the  bridge  abutment  is  used  as  a  bench  mark,  with  an  arbitrary  eleva- 
tion of  100  feet.  The  elevation  of  the  datum  plane  of  the  gage  is 
85.45  feet.     The  gage  is  read  twice  each  day  by  Clifford  Walters. 

The  gaging  station  is  situated  about  4  miles  from  the  mouth  of  the 
stream.  Sycamore  Creek,  an  important  tributary,  enters  in  this  .sec- 
tion. The  drainage  area  abov  e  the  gaging  station  is  858  squai-e  miles, 
and  from  the  gaging  station  to  the  mouth  of  the  stream  114  square 
miles,  making  the  total  above  (xrand  River  472  square  miles. 

Discharge  mea^furem^nts  of  Red  Cedar  River  at  Agricultural  College,  Mich. 


Date. 


Hydrogrepher. 


I  Ga^e  height.    Timchtage. 


1902. 
March  13 U.K.  Vedder 


August  28 R.  E.  Horton.  . 

August  30 do 

September  19 ;  \V.  M.  Gregory 

October  10 W.  V.  Savicki . 


Feet. 


1.48 
1.50 
1.78 
5.66 


Sccond-/eeL 

796 

7 

11 

37 

5:55 


Mean  daily. gage  height ^  in  feet ^  of  Red  Cedar  River  at  AgricuUural  College^  Micit, 


Day. 


1902. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 .  . 

13 

14 

15 

16 


Sept.  Oct.  Nov.  I  Dec. 


70 


75 


1 

1 

1.90 

2.05 

1.95 


6.  CO 
C.30 
5.67 
5.07 
4.63 


1.80  '  .5.30 
1.93  '  .5.90 


1.80 
1.85 
1.82 
2.02 
1.97 
2.12 
1.48 
1.67 
1.65 


5. 50 
5.35 
4.55 
4.12 
3.77 
3.77 
3.73 
3. 65 
3.57 


I, 


I 


3. 15  I  3. 42 

3.07  I  3.30 

3.08  '  4.17 


3.05 
3.00 
4.07 
4.92 
4.50 
4.28 
4.a5 
3.80 
3.70 


5.;J0 
5.07 
4. 55 
4.13 
3.90 
3.88 
3.72 


Day. 


1902, 


Aug. 'Sept. '  Oct. 


3.72 
3.78 


I  17. 

I'  18. 

;;i9. 

'  20. 

1 

,  21. 

22. 

I' 
,,  23. 

I  24. 

:>. 

'i  26. 
3.62  I  27. 
3.52  I,  28. 
3.87  I'  29. 
3.47  i'  30. 
3.20  I  31. 
3.33  M 


1,62 


1.70 
1.85 
1.97 
1.77 
1.67 
1.55 
2.12 
2,75 
4.37 
5.30 
S.25 
6.02 
6.82 
6.95 


I  3.53 
i  3.37 
i  3.40 
'  3.50 
'  3.a5 
I  3.27 

3.17 
j  3. 10 
,  3.08 
i  3.10 
I  3.45 
'  3.75 
I  3.57 
I  3.43 

3.30 


Nov.  Dec. 


4.10 
4.63 
4.55 
4.22 
4.00 
3.77 
3.67 
3.53 
3.35 
3.27 
3.23 
3.22 
3.28 
3.35 


3.  .57 
3.70 
3.70 
3.82 
4.82 
6.35 
6.68 
6.15 
6.15 
6.17 
6.10 
5.85 
5-35 
5.05 
4.42 
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MUttKKGOX  RIVER  DRAITs'AGE  BASTX. 

The  di-ainage  basin  of  this  stream  lies  immcdiatel}^  north  of  that  of  ^ 
Grand  River.     Originally  it  was  covered  with  pine  timber,  but  now 
it  is  almost  entirely  cleared.     Much  of  the  soil  is  sand  and  gravel, 
unlit  for  profitable  cultivation.     Large  stump-covered  areas  form  a 
conspicuous  feature  of  the  topography. 

In  the  upper  portion  of  the  basin  there  is  a  total  lake  area  of  about 
110  scjuare  miles. 

MUSKEGON   RIVER  AT  NEWATGO,  MICH. 

A  gaging  station  was  established  at  the  dam  of  the  Newaygo  Port- 
land Cement  Company.  April,  1901.  The  crest  gage  is  attached  to  a 
crib  50  feet  upstream  from  the  center  of  the  dam.  The  dam  contains 
a  fish  way  17  feet  in  length,  4  Taintor  flood  gates  of  20  feet  each,  a 
spillway  20  feet  in  length,  a  logway  21.5  feet  in  length,  and  a  main 
overflow  120  feet  in  length.  A  record  is  kept  of  the  depth  on  the 
crest  gage  and  on  a  tailrace  gage  having  its  datum  14  feet  lower,  and 
of  the  opening  and  closing  of  the  logway  and  flood  gates.  The  hours 
of  running  of  the  three  sets  of  35 -inch  horizontal  Samson  turbines  in 
the  adjacent  power  plant,  and  the  gate  opening  at  which  they  are 
operated,  are  also  recorded. 

A  survey  of  the  dam  was  made  and  tests  of  the  turbine  discharge 
were  taken  by  current  meter  August  29,  1902.  The  daily  discharge 
has  not  been  calculated  from  the  record.  The  gaging  station  is  main- 
tained through  the  cooperation  of  the  Newaygo  Portland  Cement 
Company,  and  the  record  is  kept  by  E.  N.  Hanlon,  C  E. 

RlFLii:   RIVER   I>RAIXAGE   BASIK. 

Rifle  River  rises  in  the  vicinity  of  Rose  City,  northern  Ogemaw 
County,  flows  southward  to  the  northwest  corner  of  T.  19  N.,  R.  4  W., 
turns  easterly,  and  then  gradualh^  to  the  southeast,  finally  entering 
Saginaw  Bay.  The  basin  is  heavily  overlain  with  glacial  deposits — 
sand,  overwash  gravel,  and  till — sand  predominating.  There  are  two 
old  lumber  dams  in  the  basin,  and  a  water-power  dam  at  Omer.  There 
are  numerous  small  glacial  lakes,  but  no  controlled  storage,  and  a 
very  small  percentage  of  natural  water  surface  in  the  drainage  basin. 
The  basin  is  narrow  and  elongated,  having  a  width  of  about  3  miles 
at  the  mouth.  Ramifying  tributaries  in  the  headwaters  give  the 
stream  a  relativeh-  large  volume  at  the  entrance  of  West  Branch,  in  T. 
21  N.,  R.  3  E.  Just  below  the  junction  of  the  branches,  at  the  south 
line  of  section  9  of  this  township,  the  stream  is  at  an  elevation  of 
771  feet,  or  176  feet  above  Lake  Huron.  The  distance  from  Omer, 
measured  along  the  winding  stream,  is  23  miles;  the  average  fall  7.7 
feet  per  mile.     At  this  place  the  stream  flows  over  sandstone  ledges. 
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All  abandoned  lumber  dam  gives  8  feet  fall.     It  is  stated  that  a  head 
of  15  feet  is  obtainable.     The  drainage  area  is  217  square  miles. 

Much  of  the  fall  from  this  point  to  Oraer  is  concentrated  in  rapids 
over  sandstone  shale.  The  fall  in  the  first  3  miles  is  51  feet,  the  lower 
portion  being  known  as  Isle  Rapids,  covering  a  length  of  three-fourths 
of  a  mile.  In  the  next  succeeding  2  miles  the  stream  falls  from  an 
elevation  of  720  feet  to  an  elevation  of  693  feet,  partly  over  arena- 
ceous limestone.  For  10  miles  below  this  point  the  fall  is  slight.  The 
stream  has  in  places  bold  clay  banks  40  feet  in  height.  At  the  foot  of 
this  stretch  an  old  lumber  dam  near  Melita  gives  a  head  of  15  feet. 
Rapids  occur  below  this  dam. 

RIFLE   RIVER   AT   OMER,  MICH. 

At  Omer  the  stream  falls  from  an  elevation  of  008  to  595  feet  over 
a  dam  affording  power  for  a  grist  and  saw  mill.  A  lumbermen''s  canal, 
long  since  abandoned,  was  constructed  from  the  northwest  comer  of 
sec.  25,  T.  19  N.,  R.  5  E.,  to  Wigwam  Bay,  a  distance  of  15  miles, 
giving  15  feet  fall,  by  cutting  oil  a  stretch  of  about  4  miles  of  the 
river  running  parallel  to  the  ba3\ 

The  drainage  area  at  Omer  is  3^)4  square  miles,  and  at  the  mouth  of 
the  stream  385  square  miles.  The  gaging  station  is  at  the  Detroit  and 
Mackinaw  Railroad  bridge,  one-half  mile  below  the  dam  in  Omer  vil- 
lage. A  weight  and  wire  gage  with  a  boxed  scale  graduated  to  feet 
and  ttmths  is  attached  to  the  downstream  guard  rail  of  the  bridge. 
The  datum  is  referred  to  the  right-hand  downstream  corner  of  the 
left-hand  bridge  abutment.  Tlie  elevation  of  the  bench  mark  is  100 
feet;  of  the  zero  of  the  gage,  84.i^5  feet. 

The  bridge  has  a  single  span  of  109  feet.  The  bed  is  of  sand  and 
fine  drift.  Bends  occur  a  short  distance  above  and  below  the  gaging 
bridge,  and  the  current  passes  underneath  the  bridge  at  a  slight  angle 
in  times  of  low  water.  The  gaging  station  was  established  September 
1,  190r^,  and  the  river  stage  is  observed  twice  each  day  by  M.  D.  Mur- 
chison.  The  following  table  contains  the  results  of  discharge  meas- 
urements which  were  made  during  1902: 

Dlschurge  measuremeuU  of  Rifle  River  at  OmeTj  Mich. 


Dat^. 


Hydrograph 


1902. 


Ilorton  and  Gregory' 
....do , 


August  15 

Do 

September  12 W.  M.  Gregory 

September  13 .do 

October  5 |  W.  V.  Savicki . 

Do do 


hei^^^t.      ;  Dlschai^e. 


Feet.  Sccond-feeL 

265 
213 
218 
284 
289 
260 


4.96 
4.87 
4.85 
5.28 
5.50 
5.46 


I 


NEWELL.] 


AU    SABLE    RIVER   DRAINAGE    BASIN. 


287 


Mean  daily  gage  height^  in  feet,  of  Rifle  Hirer  at  (hner,  Mich. 


Day. 


Sept.  Oct. 


1 

1902. 

4. 68  6. 63 

•> 

6.03 
5.10 
4.90 
4.63 

6  88 

3 

5.28 

4 

5.40 

5 

5.10 

6 

6.28  5.33 

7 

4.93 

4.88 

5.03 

8 

fi.TTi 

9 

4. 85  5. 15 

10 

4.98 

5.20 

n 

4.93 
5  20 

5.03 
4  98 

12 

13 

4.88 

5.90 

14 

4.88 

5.93 

15 

4.93 
4.98 

5.80 

16 

5.63 

Nov. !  Dec. 


5.65 
5.48 
5.75 
5.50 
5.68 
6.80 
6.80 
6.13 
6.10 
5.85 
6.05 
5.85 
6.25 
6.25 
6.30 
7.30 


6. 
5. 
5. 
6. 
6. 
5. 
5. 
5. 
6. 
5. 
6. 
6. 
6. 
6. 
6. 
6. 


25 
53 
95 
13 
28 
90 
63 
65 
10 
68 
33 
03 
80 
33 
05 
90 


Day. 


Sept.  Oct.  Nov.  I  Dec. 


1902. 
17. 

5.13 

18 

5.00 

19 

4.96 

20 

21 

5,08 
4.88 

22 

5.15 

23 

5.33 

21 

5.30 

25.        .  .. 

5.20 

26 

5.03 

27 

5.33 

28 

4.98 

29 

6.15 

30 

5.43 

31 

5.53  , 

5.25 

5.25 

5.65 

5.20 

5.20 

5.63 

5.60 

5.43 

5.65 

6.70 

6.63 

6.08 

5.93 

5.78 


6.90 
6.75 
6.38 
6.28 
6.05 
5.93 
6.a5 
5.90 
5.75 
5.70 
5.58 
5.65 
5.83 
5.88 


6.a8 

6.08 
6.00 
5.98 
6.00 
6.38 
7.08 
6.88 
6.08 
6.33 
6.13 
6.40 
6.78 
6.95 
6.93 


AU  SABIiE  IllVEK  I>RA1NAGE  BA8IK. 

Au  Sable  River  rises  in  southern  Otsego  County,  flows  south  to 
Grayling,  thence  east  to  the  west  line  of  Alcona  Count\',  from  which 
j)oint  it  follows  a  tortuous  course  in  a  general  southeasterly  direction 
to  its  outlet  in  Lake  Huron  at  Oscoda.  Its  drainage  basin  embraces  a 
region  at  one  time  noted  for  the  abundance  of  white  pine.  The  area  is 
now  almost  entirely  cleared  of  its  valuable  native  timber  and  contains  a 
large  extent  of  what  are  termed  "jack-pine  lands'"— sandy  plains  cov- 
ered with  scrub  conifers.  There  are  also  areas  of  diversified  soils, 
pink  clay,  loam,  and  gravel.  The  ba«in  is  underlain  by  Coldwater 
shales.  Rock  outcrops  are  very  I'are,  the  stream  bed  being  usually 
clav  or  sand. 

The  basin  contains  numerous  small  lakes,  wet  sand  areas,  and 
undrained  hollows,  the  topographic  features  being  mainly  the  work  of 
the  retreating  ice  of  the  glacial  epoch.  At  the  junction  of  the  north 
and  south  branches,  in  sec.  1,  T.  26  N.,  R.  1  W.,  the  stream  is  at  an 
elevation  of  about  1,100  feet  above  sea  level,  or  520  feet  above  Lake 
Huron.  This  point  is  about  90  miles  from  the  mouth  of  the  river, 
measured  along  the  stream  channel. 

At  Bamtield,  about  40  miles  from  the  outlet,  following  the  river,  the 
elevation  is  about  850  feet  above  sea  level.  From  this  point  to  the 
mouth  of  the  stream  numerous  excellent  sites  for  water-power  develop- 
ment occur.  These  water  powers  are  favored  by  a  stream  bed  of  firm 
clay,  the  river  being  flanked  in  many  places  with  high  terraced  clay 
bluffs,  rising  often  60  to  100  feet  above  the  river.  In  some  places  the 
upper  half  or  two-thirds  of  the  bluff  is  sand,  the  lowei  portion  being 
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clay.  At  the  clay  horizon  numerous  springs  appear.  The  precipita- 
tion over  the  drainage  area  varies  from  25  or  30  inche8  a  year  in  the 
vicinity  of  the  source  to  35  or  40  inches  at  the  mouth  of  the  stream. 
The  tributaries  are  not  important,  nearly  all  the  rainfall  being  dii"ectly 
absorbed  by  the  porous  sand  areas. 

It  is  stated  that  the  fall  between  Flat  Rock,  near  the  south  line  of 
sec.  33,  T.  26  N.,  R.  5  E.,  and  Bamfield  is  about  20  feet.  From 
BamlSeld  to  sec.  16,  T.  24  N.,  R.  16  W.,  occurs  a  drop  of  200  feet, 
50  or  55  feet  of  which  is  concentrated  within  a  series  of  rapids  lying 
in  Iosco  County,  covering  a  total  distance  of  4  miles. 

AU   SABLE   RIVER  AT  BAMFIELD,  MICH. 

A  gaging  station  was  established  at  the  highway  bridge  at  Bamfield 
August  27,  1902,  and  gage  readings  have  been  taken  since  that  date 
each  morning  and  evening  by  William  H.  Bamfield.  The  gage  is  a 
vertical  scale  graduated  to  feet  and  tenths,  attached  to  the  left-hand 
downstream  side  of  the  left  pier  supporting  the  main  bridge  span. 
The  stream  channel  is  straight  for  a  distance  of  800  feet  or  more  down- 
stream, and  in  this  distance  slight  rifts  occur.  A  bend  occui^s  about 
500  feet  upstream  from  the  gage.  The  bed  is  of  sand  and  gi-avel, 
with  a  relatively  smooth  deep  current.  The  banks  are  low  and  are 
skirted  on  the  right  by  a  florid*  plain,  which  is,  however,  seldom  over- 
flowed. Beyond  the  flood  plain  on  the  right,  and  close  to  the  river  on 
the  left,  are  high  gravel  banks.  The  bridge  has  a  main  Pratt  truss 
span  of  92  feet,  with  auxiliary  flood  channe  s  at  both  ends.  Wire 
spikes,  driven  into  the  upstream  end  of  the  left-hand  pier,  serve  as  a 
temporary  bench  mark.  The  elevation  of  the  bench  mark  is  IW 
feet;  of  the  zero  of  the  gage,  92  feet. 

The  stream  freezes  over  in  winter  and  special  discharge  measure- 
ments are  required  to  determine  the  flow  from  gage  readings  for  that 
season. 

During  1902  the  following  discharge  measurements  were  made  by 
Messrs.  Horton,  Gregory,  and  Savicki: 

August  14:  DiBcharge,  1,133  second-feet. 

August  26:  Gage  height,  0.82  foot;  discharge  1,026  second-feet. 
September  17:  Gage  height,  0.80  foot;  discharge,  998  second-feet. 
October  7:  Gage  height,  0.72  foot;  discharge,  981  second-feet. 

In  addition  to  the  above,  a  gaging  of  Bamfield  Creek,  a  small  stream 
entering  from  the  right  just  below  the  gaging  station,  was  made  by 
W.  V.  Savicki  October  7,  1902,  showing  a  discharge  of  8.3  second- 
feet.  The  drainage  area  above  the  junction  of  the  two  branches  of 
Au  Sable  River  is  1,005  square  miles;  above  the  gaging  station  at 
Bamfield,  1,425  square  miles,  and  abov^e  its  mouth  at  Oscoda,  1,932 
square  miles. 
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Mean  daily  gage  height,  in  feet j  of  An  Sable  River  at  Bamfieldf  Mich. 


1 

2 

3 

4 

b 

6. 

7. 

8. 

9. 

10. 

U. 

12. 

IS. 

14. 

15. 

16. 


Day. 


19(12. 


0.80 
.80 
.80 
.85 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 


1.00 

.do 

.80 
.80 
.80 
.80 
.80 
.75 
.80 
.80 
.80 
.80 
.95 
.90 
.90 
.80 


Nov 


1.00 
1.00 
.90 
.90 
1.10 
2.10 
2.00 
1.80 
1.55 
1.55 
1.50 
1.66 
1.70 
1.80 
1.80 
1.80 


Dec. 

1 

Day. 

Aug. 

1 
1.50 

17.. 

1902. 

1.50 

1 
18 

1.50  1 

19 

1.50 

20 

1.50  ' 

21 

1.50 

22 

1.70 

23... 

' 

1.70 

24... 

1.70 

25... 

1.70 

26... 

1 
1.50 

27... 

0.85 

1.50 

■» 

.80 

1.50 

29.. 

.80 

1.50 

30 

.80 

1.40 

31.., 

.80 

1.40  ! 

1 

1 

Sept. 

Oct. 

Nov. 

0.80 

0.90 

1.90 

.80 

.90 

1.70 

.80 

.80 

1.60 

.80 

.80 

1.60 

.80 

.80 

1.50 

.80 

.80 

1.50 

.80 

.90 

1.40 

.80 

1.00 

1.40 

.80 

1.00 

1.40 

.80 

1.05 

1.40 

.90 

1.70 

1.40 

.90 

1.30 

1.30 

.80 

1.25 

1.30 

1.05 
...... 

1.25 
1.10 

1.50 

Dec. 


1.40 
1.40 
1.40 
1.30 
1.80 
1.90 
1.80 
1.80 
1.30 
1.25 

i.ao 

1.20 
1.20 
1.20 
1.20 


THUNDER  BAY  RIVER  DRAINAGE   BASLN^. 

Thunder  Ba^'  River  is  joined  by  two  large  branches  8  and  10  miles 
above  its  mouth,  respectively.  These  branches,  as  well  as  the  main 
stream,  are  further  subdivided  at  short  distances  upstream,  so  that  the 
river  is  of  relatively  small  magnitude,  except  for  a  few  miles  near  its 
mouth.  The  Traverse  shales  outcrop  in  this  part  of  the  stream,  and  it 
is  in  passing  over  this  rock  ledge  that  the  most  rapid  fall  occurs.  The 
drainage  area  was  formerly  heavily  timbered  with  Michigan  pine. 
Most  of  the  pine  has  been  cut,  but  a  large  amount  of  small  conifers, 
hard  woods.»  white  birch,  and  cedar  remains,  so  that  the  basin  may  be 
considered  a  forested  rather  than  a  cleared  area. 

The  drainage  basin  contains  30  lakes,  with  an  average  area  of  about 
1  scjuare  mile.  In  addition  to  these  is  Hubbard  Lake,  which  has  a 
water  surface  of  13.4  square  miles.  A  timber  dam  at  the  foot  of  the 
latter  lake  produces  a  storage  depth  of  5  feet,  with  an  aggregate 
storage  capacity  of  1,867,500,000  cubic  feet,  equivalent  to  a  flow  of  68 
second-feet  for  thirtv  days.  A  similar  dam  at  the  foot  of  Beaver  Lake 
gives  a  storage  depth  of  6  feet.  The  water  from  Beaver  Lake  is  used 
chiefly  for  driving  logs. 

THtTJJDER  BAY   RIVEK  NEAR  ALPENA,  MICH. 

A  gaging  station  was  established  at  the  dam  of  the  Fletcher  Paper 
Company,  4  miles  above  Alpena,  April  4,  1901.  The  record  includes 
two  readings  each  day  of  the  depth  on  the  crest  gage,  located  75  feet 
upstream  from  the  headgates,  opposite  the  left-hand  end  of  the  dam. 

IBR  83—03 19 
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The  dam  is  of  timber,  pnicticall}'  water-tight,  and  is  usually  sur- 
mounted by  flashboards.  It  contains,  in  addition  to  three  spillway 
sections  of  lengths  90,  105,  and  181.5  feet,  respectively,  a  log  slide 
40  feet  in  width. 

The  crest  of  the  dam  was  originally  level,  but  settlement  of  the 
middle  section  has  made  it  necessary  to  subdivide  the  spillways  into 
several  short  sections,  each  assumed  level  at  its  average  elevation,  for 
purposes  of  calculation. 

The  discharge  over  the  main  dam  has  been  calculated  by  the  weir 
formula,  using  coefficients  derived  from  Cornell  University  Experi- 
ment No.  13  for  a  dam  of  similar  cross  section.  Discharge  over  flash- 
board  sections  has  been  calculated  by  means  of  the  Francis  formula. 

There  is  also  a  subsidiary  log  way  and  a  headrace  overflow,  the 
latter  3  feet  in  width,  the  flow  through  which  has  been  calculated  by 
suitable  formulas. 

The  adjoining  pulp  and  paper  mill  has  14  pairs  of  20-inch  Trump 
model  turbines,  arranged  in  three  groups,  each  containing  four  tur- 
bines on  horizontal  shafts,  with  one  double  horizontal  turbine.  The 
daily  run  of  the  turbines  and  the  working  head  on  the  wheels,  which 
is  determined  from  readings  of  the  crest  and  tail  race  gages,  is  also 
recorded. 

A  survey  of  the  dam  was  made  August  13,  1902.  The  accompany- 
ing tables  show  the  estimated  daily  discharge  and  monthly  run-off  of 
the  stream  at  this  station.  A  measurement  of  the  discharge  at  the 
highway  bridge,  2  miles  downstream,  August  13,  1902,  showed  the 
flow  to  be  1,537  second-feet,  with  water  wheels  running.  The  mean 
flow  for  the  day  was  much  less. 
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Mean  daily  discharge y  in  wcond-feet^  of  Thunder  Bay  River  near  Alpena^  Mich. 

[Drainage  area,  1.260  square  miles.] 


Day. 


Jan.  ,  Feb. 


Mar.     Apr.  i  May.  i  June 


1901. 


1. 
2. 
3. 
4. 
n. 

t . 

y. 

10. 

11. 

12. 
13. 
14. 

15. 
16. 
IT. 
IM. 
19. 
20. 
21. 
22. 
2:}. 
24- 
•25. 
•26. 


27 


•2^. 
•29. 

:». 

31. 


Mean 


1,908 
2.183 
2,366 
3,356 
3,332 
3.600 
3,350 
3,7(yS 
3,443 
3.550 
8,817 
3,571 
3, 545 
3,572 
3,219 
3,090 
2,685 
3,263 
3,200 
2,533 
3,350 
3,386 
2,988 
1,W0 
2,403 
2,766 
2,301 
3,408 
2,900 
147 


^     I 


2,072 

1,898 

2.072 

2.397 

•2,008 

2,013 

1,487 

1,380 

1,610 

1,616 

1,254 

1,447 

2,095 

1.532 

1,421 

968 

815 

701 

590 

750 

630 

582 

609 

730 

804 

560 

730 

967 

933 

837 

830 


July. 


1,237 

1,038 

1,587 

1,322 

1,267 

1,423 

1.296 

1,106 

509 

903 

973 

600 

531 

451 

522 

673 

757 

603 

618 

666 

603 

503 

20 

548 

461 

376 

401 

491 

429 

142 


I 


2,962     1,23<3         736 


993 
639 
774 
655 
MA  , 
910  ! 
481  I 
773 
902  j 
765  . 
718 
687 
.548 
20 
G:u 
559 
587 
483 
453 
483 
349 
455  : 
543  ! 
519  , 
433  ; 
483  ' 
426 
310  . 
1,025 
1, 576 
1.841 

673 


Aug.  Sept 


1,262 
1,159 
964 
444 
596 
596 
634 
610 
505 
603 
20 
561 
561 
607 
508 
526 
354 
325 
399 
853 
481 
511 
635 
519 
164 
596 
736 
790 
750 
1,005 
954 

611 


Dec. 


550 

702 

574! 

276  , 

879 

888  ' 

898 

613 

649 

689 

88 
612 
635  ' 
590  ' 
624 
5*23 
475 

38 
589 


6M 


604 

116 

97 

946 

1,670 

1,400 

1,365 

1,181 

1,662 

1,301 

1,246 

817 

819 

700 

729 

7W 

180 

798 

826 

806 

8ai 

788 


689  I 
704  ' 
80 
860 
770 
786 
864 
752 
641 
406 
806 
754 
891 
1,000 
796 
653 
479 
906 
918 
662 
930 
773 
574 
474 
760 
725 
550 
496 
629 
750 


809 
804 
564 
877 
895 
509 
565 
446 
624 
652 
591 
643 
670 
646 
947 
60S 
608 
595 
583 
506 
490 
324 
522 
481 
20 
54S 
544 
651 
856 
684 
675 


700 


556 
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Jfe«M  daily  discharge^  in  second-feetf  of  Thunder  Bay  River  near  Afpena,  Mich. — Cont'd. 


3. 
4. 
5. 

c. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Day 


1902. 


Jan. 


Feb. 


558 

634 

505 

488 

499 

528 

627 

519 

546 

549 

539 

528 

527 

527  I 

539 

553  ' 

665  ' 

439  I 

528 

527  ' 

521  * 

527  ! 

535 

490 

483 

496 

490 

480 

470 

468 

470 


393 

245 

410 

410 

402 

410 

410 

393  I 

251  I 

410  \ 

410  I 

410 

410 

369 

403 

251 

410 

410 

410 

410 

410 

393 

247 

410 

410 

406 

420 

500 


Mar. 


720 

627 

1,026 

1,070 

882 

8% 

835 

766 

454 

828 

1,126 

1,326 

1.270 

2,159 

3,798 

2,368 

2,237 

1,700 

1,668 

1,301 

954 

1,143 

590 

1,209 

1,386 

990 

944 

1,086 

i.av) 

602 
1,099 


Apr. 


1,126 

1,280 

1,127 

983 

1,082 

622 

1,125 

1,113 

1,127 

1,111 

1,127 

1,081 

&2:) 

1,103 

1,125 

1,047 

1,000 

'       884 

j      903 

,      621 

'  1,094 

'  1,021 

I  1,031 

1,017 

I  1.037 

]  1,041 

'      622 

,  1,664 

1,664 

1,665 


May. 


1,664 

1,451 

1,233 

l,ia5 

1,603 

1,081 

1,118 

1,149 

1,132 

892 

622 

1,125 

1,125 

1,066 

1,000 

1,014 

1,007 

120 

593 

?28 

719 

796 

814 

1.184 

1,112 

1,667 

1,838 

1,702 

1,459 

1,314 


June. 


July. 


Moan 514       386     1,229 


1,021 

1 

1 

759 

1,069  1,111 

810 

099 

857 

906 

931 

999 

1,869 

1,543 

1,536  ' 

1,186 

983 

979 

698 

672 

646 

1,014 

454, 
1,123 
1,194  ; 
830 
727  ! 
564  I 
562  I 

20' 

I 

617 
529  ; 
439  , 
617  ' 
583  : 
628 
20 
689 


839 
582 
517 
346 
546  ! 
559  I 
663  ; 
913 
813  ' 
815 
946 
448  I 

20  i 
721 
759  ' 
759 
759 
753 
740 
539 
813 
810 
823 
759 
759 
759 

20 
988 
813 
759 


Aug. 


721 
751 
231 
787 
610 
721 
751 
747 
772 
231 
932 
7K7 
696 
799 
792 
792 
231 
745 
812 
794 
806 
811 

sas 

-231 
870 
831 
579 
729 
709 
721 


a22 

20 

21 

20 

20 

20 

'20 

47 

'20 

21 

21 

22 

432 

432 

432 

155 

176 

177 

177 

438 

335 

178 

178 

176 

174 

171 

604 

362 

439 

815 


I 


689 


183 


347 

853 
338 
850 
150 
851 
952 
440 
661 
41 
21 
20 
395 
426 
615 
517 
562 
682 
288 
1,208 
766 
618 
G21 
665 
615 
530 
797 
957 
9(M 
945 
812 

559 


768 
513 
799 
676 
714 
892 
1.047 
1.159 
749 
l.IOO 
1,0N8 
1,098 
1.100  . 
1.145 
1.455  ' 

729 
1.102 
1,102  t 
1.100  ' 

MM  I 
1,006 
857 
605 

921   I 

906  { 
858 
757  I 
4i<5  ' 


925 


57J 

»i 
560 
550 
60f^ 
605 
733 
739 

20 
654 
hV* 
482 
482 
4« 
463 

2U 
473 
4hJ 
316 

71 
482 
463 

20 
4-'<2 
4S2 

•ia 

4«s3 


a  Mill  shut  down;  storage  ix)nd  retilling  September  1  to  12. 
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Estimated  monthly  discharge  of  Thunder  Bay  River  near  Alpena^  Mich, 

[Drainage  area,  1,260  square  miles.] 


Month. 


1901. 

April ,-. 

Mav 

Jane 

July 

August 

September 

October 

November 

December 

1902. 

January  

February 

Marcb 

April 

Mav 

June 

July 

August 

September 

October 

November 

December 

The  year  . . . 


Discharge  in  second-feet. 


Maximum. 


3,817 
2,397 
1,587 
1,841 
1,262 
3,265 
1,670 
1,000 
809 


Minimum. 


147 
582 
20 
20 
20 
38 
97 
30 
20 


565 

439 

500 

245 

3,798 

454 

1,665 

621 

1,838 

120 

1,869 

20 

988 

20 

932 

231 

504 

20 

1,208 

20 

1,455 

4a5 

837 

20 

Mean. 


1,882 
1,490 
798 
931 
641 
1,654 
884 
515 
414 


502 
372 
2,126 
1,143 
979 
944 
504 
582 
262 
614 
970 
428 


3,798 


20 


Rnn-off. 


Second- 
feet  per 
Hquare 
mile. 


.40 
.29 
1.31 
.91 
.78 
.74 
.40 
.46 
.21 
.48 
.  i  t 
.34 


Depth  In 
inches. 


1.49 

1.66 

1.18 

1.36 

.63 

.71 

.74 

.85 

.51 

.58 

1.31 

1.46 

.70 

.81 

.41 

.46 

.32 

.  36 

.46 
.30 
1.51 
1.02 
.90 
.82 
.46 
.52 
.24 
.56 
.86 
.39 


.59  ! 


8.03 
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liOW-WATER    MEASITREMEXT8    OF    STREAMS    XORTH     OF 

SAGINAW  BAY,  MICH. 

Following  roughly  the  coast  line  at  a  distance  of  40  to  50  miles 
northerly  from  Saginaw  Bay  to  Mackinaw  is  what  may  be  termed  a 
"fall  line,"  forming  the  border  of  the  central  plateau  of  the  State.  A 
descent  of  200  to  300  feet  occurs  here  within  a  short  distance.  The 
longer  streams,  rising  in  the  plateau  at  an  elevation  of  1,000  to  1,3<X) 
feet  above  sea  level,  make  a  rapid  descent  in  crossing  this  slope.  The 
principal  streams  of  the  region,  all  of  which  are  tributary  to  Lake 
Huron,  are  as  follows:^ 

stream  Drainage  area 

''^'^*^-  I     at  mouth. 


I  Square  tnileg. 


Rifle  River 

Au  Gres  River  . 

All  Sable  River 

Thunder  Bav  River 
Cheboygan  River  . . 


385 

478 

1,932 

1,267 

1,594 


The  rainfall  of  the  basins  increases  as  we  pass  downstream,  itinging 
from  25  or  30  inches  a  year  in  the  vicinity  of  the  sources  to  35  or  44) 
inches  at  the  mouths  of  the  streams.  The  region  is  largely  underlain 
by  Coldwater  shales,  some  of  which  are  nearly  pure  calcium  carbon- 
ate. There  is  a  cover  of  Pleistocene  deposits  of  varying  thickness, 
the  soil  being  largely  sand,  with  wet  plains,  morainal  hills,  and 
undrained  hollows.  All  these  features  are  conducive  to  the  direct 
retention  of  the  precipitation.  The  ground  waters,  passing  down  to 
the  alluvial  clay  depositis  of  the  lower  lake  extension,  travel  along  the 
clay  horizon,  entering  the  stream  valleys  as  springs  and  seepage.  At 
the  middle  of  the  last  century  this  region  bore  an  almost  incalculable 
wealth  of  white-pine  timber,  which  is  now  practically  destroyed,  leav- 
ing the  sand  plain  barren  or  covered  with  jack  pines,  with  occasional 
hard-wood  swamp  hollows.  During  the  dry  summer  season  of  1902 
a  series  of  discharge  measurements  were  made  on  the  streams  of  this 
locality.  In  order  that  the  drought  during  which  the  summer  flow 
was  measured  may  be  compared  in  intensity  with  those  of  other  years, 
the  following  table  is  given,  showing  the  meteorological  conditions 
which  prevailed  while  measurements  were  in  progress: 

oUorton,  Robert  £.,  Available  Water  Power  of  Michigan:  Michigan  Engineer,  1901,  pp.  73-92. 


NEWELL.] 


STREAMS    NORTH   OF   SAGINAW   BAY. 


295 


Rain/an^  northern  pari  of  Southern  Peninsula^  Michigan. 


Precipitation  in  inches  at — 


Days  on  which  rain 
fell. 


Cheboygan. 


Onaway.      Alpena 


1902. 

Augrust  10  . . . 
August  11  ... 
August  13  ... 

August  17 

August  18 

August  19  . . . 
August  20  . . . 
August  31  - , . 
September  1  . 
September  3  . 
September  4 . 
Sei>teml:)er  6 . 
September  7  . 
Septeml>er  9  . 
September  10 
September  13 


Trace. 


0.09 
Trace. 


0.57 
.01 


Mio. 


East 
Tawas. 


0.66 


Trace. 
.23 
.10 
.16 
.18 

Trace. 


.11 
.62 
.10 
.08 
.05 


.31 
.24 


.54 


.02 
1.30 
.02 
.06 
.09 
.14 
.12 
.01 
.12 
.01 
.35 
.02 
.01 


0.07 
.14 
.01 
.01 
.50 


0.13 


.89 


.  24     Trace. 
.38  .67 


Trace. 
.12 


.18i 


.02 


.05 


.32 


.62 


West 
Branch. 


Trace. 


0.05 


.10 


.:^ 


.05 


Omer. 


Trace. 


Trace. 


0.10 
.05 
.56 


The  followingr  notes  relative  to  the  several  streams  have  been  fur- 
ni.shed  by  W.  M.  Gregory/'  The  elevations  were  obtained  by  aneroid 
or  from  railroad  profile.* 

Au  Ores  River  rises  in  Stiles  Lake.  A  lumbering  dam  8  feet  hiph  controls  the  lake 
level.  The  greatest  available  fall  occurs  in  the  vicinity  of  the  Detroit  and  Mackinaw 
Railroad  near  Whittemore.     The  river  is  here  at  an  elevation  of  Goo  feet. 

The  East  Branch  of  Au  Ores  River  in  sec.  28,  T.  22  N.,  R.  6  E.,  has  high  hanks  and 
flows  over  a  rock  l)e<l.     The  fall  is  rapid. 

Tawas  River  in  losca  County  has  its  source  in  a  small  group  of  glacial  lakes  in  sec. 
31,  T.  23  N.,  R.  7  E.  It  flows  eastward  between  high  clay  banks,  and  has  an  eleva- 
tion at  the  southeast  corner  of  sec.  24  of  this  township  of  666  feet. 

I*ine  River  in  Arenac  County  has  a  fall  of  44  feet  l:)etween  Standish  and  Saginaw  Bay. 

Nearly  all  the  streams  have  one  or  more  small  lumber  dams  constructed  of  logs, 
many  of  which  are  abandone<l. 

The  streams  are  located  in  an  artesian  basin  which  has  recently  been 
extensively  utilized.  In  some  cases  the  flow  from  the  large  numbers 
of  wells  undoubtedly  increases  the  low-water  stream  discharge  to 
some  extent.  The  flowing  wells  waste  in  some  cases  directly  on  the 
sand^'  soil,  their  waters  being  absorl>ed  and  apj^aring  later  as  springs 
or  seepage.  In  regions  of  clay  soil  direct  drains  are  dug  to  the  water 
courses. 


a  Preliminary  Report  on  Geology  of  Arenac  County,  Mich.,  pp.  21-23. 

b  In  reference  to  the  elevations  given,  it  ^houKl  be  borne  in  mind  that  Lake  Huron  has  an  average 
water-aervice  elevation  of  5fel  feet. 
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In  the  limestone  region  north  of  Thunder  Ba}',  there  is  also  water- 
shed leakage,  occasioned  In*  fissures  in  the  lime  rock.  Through  the 
gradual  southwesterly  tilting  of  the  State  the  basins  of  the  streams 
are  undoubted!}'  increasing  northward  as  far  as  Cheboygan  River.  In 
the  Cheboygan  drainage  basin  are  a  series  of  coast  lakes,  probably 
left  as  l)avous  bv  the  recession  of  earlier  Great  Lake  extensions. 
These  have  been  encroached  upon  by  sand  and  silt,  forming  inland 
lagoons  lying  below  the  700-foot  contour  and  having  short  outlebiJ  with 
little  fall. 

The  following  table  gives  the  measured  discharge  and  the  drainage 
areas  of  the  several  streams.  The  measurements  were  mostlv  made 
by  W.  M.  Gregory. 

lAm'-ivati'V'  diitrhnrge  of  ittrcatns  north  of  Saghinir  Bntf. 


Date. 

1902. 
Aug.    15 
Sept.     2 


.•^trt*!!!!!. 


I>o<*titioii. 


Second- 
feet. 


Seoond- 
Drainof^e     feel  jut 
area.  sqanre 

I      Uiile. 


13 

1 

8 

Aug. 

19 

26 

Sept. 

17 

Oct. 

Aug. 

27 

Rifle  River !  Oiner  "  . 

' do?' 

do** 


do 
do 


244.8 

1  222.  9 

290.7 

Au(JresRiver AuGres'' \  98.3 

KsisV  Branch  A u  ( Ires     Near  Au  ( i  roF «' i  <)0.  2 

River. 

Ta\va.s  River Tawa.^  (  itv/ 53.  3 

Au  Sable  River Bamfieldr/ 1,026.0 

do do 8.39.0 

do do 981.  0 

Pine  River Indian  bridge '' 111.0 


364 
364 
364 
422 
170 


..   I 


Sept. 


27  ' <lo Near  Indian  bridge  *, 

28  Black  River Near  Black  River  J . . . 

4 


Aug.    13 
Sept.    14 


,  South  Branch  Tlum- 
der  Bav  River. 

I  North  Branch  Thun- 
'      der  Bav  River. 

Thunder  Bay  River  . 

Occpiecx'  River 


Below  King  Creek* 
Mouth' 


10().0 

30. 0 

117.0 

13.  6 


2  niilefalx)ve  Alpena"*   1, 537. 0 
Brader  bridge '' 8.  5 


125 
1,425 
1,425 
1,425 

231 

231 
t>5 

295 

20O 

1 ,  265 

58 


0.67 
.61 
.79 
.23 
.35 

.42 


70 


.59 
.69 
.48 
.46 
.46 
.39 

.06 

1.21 
.14 


rf\V.  S.  14. -I  Iwlow  top  left-hand  abuimeiit. 


n(Jage4.91.  fo Gage  1.85.  f(}ajfe  .').2H. 

*  Measured  near  mouth,  north  of  Au  (ires.  Mich. 
/  Water  surfaee  10.45  feet  below  top  of  left-hand  abutment. 
g  August  20,  gage  not  set.    September  17.  gage  0.80.    October  7,  gage  0.72. 
h  Water  surface  4.H5  feet  below  top  of  left-hand  bridge  abutment. 
i  Mea«?ured  150  feet  below  Indian  bridge;  tributary  to  Au  Sable  near  mouth. 

i  Stream  fed  by  springs  from  Alcona  morraine.    Considerable  fall  utilized.    Water  surface  8.1  feel 
lielow  top  of  Ixjwldcr  on  left-hand  bank. 

Jt Sec.  21,  T.  31  N..  R.  7  E.    Water  .surface  9.28  feet  Ik»1ow  top  of  left-hand  abutment. 
/  Sec.  as,  T.  32  N.,  R.  7  F...  month  of  river 
m  At  Red  bridge.  2  miles  below  Fletcher  dam. 
nSec.33,  T.  35  N..  R.  3  E. 
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Idnv-icaier  discharge  of  streams  north  of  Saginaw  Bay — Continued. 

CHEBOYGAN  RIVER  DRAINAGE. 


Date. 


1902. 
Sept.      8 

12 
13 
15 
15 


Stream. 


Black  River. 


Location. 


Second- 
feet. 


Drainage 
area. 


Rainy  River 

Black  Lake  Outlet... 
Cheboygan  River  ... 
Indian  River i  Indian  River <^ 


5  miles  above  Black 
Lake. 

Near  Onoway  « 

Near  Sova  & 

Countv  house'" 


f^l.  miles. 

175.0 

369 

7.8 

100 

175.0 

612 

522.4 

939 

4a3.8 

660 

Second- 
feet  per 
square 
mile. 


0.47 

.07 
.28 
.55 
.47 


a  Drinker  bridge,  sec.  24.  T.  36  N..  R.  2  E. 

b  At  covered  bridge,  sec.  18,  T.  34  N.,  R.  2  E,     Water  surface  9.35  feet  below  top  of  rightrhand 
abutment. 
^•See.  18,  T.  37  N.,  R.  1  W.    Water  surface  5.9  feet  below  top  of  left-band  abutment. 
d  Water  surface  9.9  feet  beloM'  top  of  left-band  abutment. 


FOX  RIVER   DRAINAGE   BASIK. 

Fox  River  connects  Lakes  Poygan,  Winnebago,  and  Butte  des 
Mortes  with  Lake  Michigan;  it  enters  the  latter  lake  in  Green  Bay, 
near  the  city  of  Green  Bay.  The  principal  tributary  in  this  basin 
is  Wolf  River,  which  rises  in  Forest  County,  Wis.,  and  flow\s  south 
into  Lake  Poj-gan. 

Lake  Winnebago  i.s  the  largest  inland  lake  in  Wisconsin,  being  26 
miles  long  and  having  a  maximum  width  of  10  miles.  Its  area  is  212 
square  miles.  The  United  States  Geological  Survey  is  maintaining, 
in  cooperation  with  the  Wisconsin  Geological  and  Natural  History 
Survey,  the  following  stations  in  this  drainage:  On  Fox  River  at 
Ouiro,  Oshkosh,  and  Wrightstown,  and  on  the  Wolf  River  at  Winne- 
conne.  The  Omro,  Oshkosh,  and  Winneconne  stations  measure  prac- 
tically all  the  water  flowing  into  Lake  Winnebago,  while  the  station 
on  the  lower  Fox  River  at  Wrightstown  measures  all  the  discharge 
from  this  lake.  It  is  hoped  that  a  careful  analysis  of  the  discharge 
measurements  .secured  at  these  stations  will  throw  some  light  on  the 
rate  of  evaporation  over  water  surfaces  in  this  latitude. 

■ 

FOX   RIVER   AT  OMRO,  WIS. 

This  station  was  established  November  22,  1902,  by  L.  R.  Stock- 
man. It  is  located  on  the  city  bridge  in  Omro,  Wis.  The  gage  is  a 
plain  staff,  graduated  to  feet  and  tenths.  It  is  fastened  to  a  pile  in  the 
center  guard  pier.  It  is  read  twice  daily  b}-  William  Herner.  The 
stream  is  straight  for  a  thousand  feet  both  above  and  below  the  sta- 
tion- the  right  bank  is  high,  the  left  bank  is  low;  neither  is  liable  to 
overflow.     The  bed  of  the  stream  is  black  loam.     The  initial  point  for 
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sounding  is  on  the  right  bank  at  a  nail  in  the  footboard  of  the  bridge. 
The  bench  mark  is  on  the  water  table  of  the  southwest  corner  of 
Robinson's  store;  elevation,  14.24  feet  above  zero  of  gage. 

Elevation  of  bench  mark  No.  2,  8.97  feet  above  zero  of  gage. 

The  following  discharge  measurements  were  made  during  1902: 

November  22:  Gage  height,  4.60  feet;  discharge,  680  second-feet. 
December  18:  Gage  height,  4.50  feet;  discharge,  600  second-feet 

Ikiilf/  gwje  height^  in  feet ^  of  Fox  Rivtr  at  OrnrOy  lf'«>. 


Day. 

i  Nov. 

Dec. 
4.65 

1 . .. 

1902. 

1 

' ■ 1 

2 

4.60 

3 

4.65 

4 

4.65 

5 

4.70 

6 

4.70 

7... 

4.50 

8 

9 

4.50 
4.50 

10 

4.50 

11 

i 
4.50 

1 

Day. 


1902. 


12 
13 
14 
15 
16 
17 
IS 
19 
20 
21 


Nov.  Dec.  I 


Day. 


Nov. '  Dec 


4.50 
4.50 
4.50 
4.50 
4.55 
4.50 
4.55 
4.55 
4.65 
4.70 


1902. 


23 
24 
25 
26 
27 
28 
'29 
30 
31 


4.70  I 
4.75 
4.60  , 
4.50  ' 
4.60  ' 
4,50  ! 


4.80 
4.^0 
4.80 
4.70 
4.70 
4.70 
4.75 
4.!50 
4.  SO 


•22 i  4.80  1 


FOX   ItlVER  AT   OSHKOSH,  WIS. 

This  .station  was  established  November  26, 1902,  by  L.  R.  Stockman. 
It  was  located  at  the  Wisconsin  avenue  highway  bridge  in  Oshkosh, 
Wis.  The  gage  was  a  plain  staff,  graduated  to  feet  and  tenth.s,  and 
fastened  to  the  guard  of  the  center  pier.  It  was  read  twice  daily  bv 
the  bridge  tender.  The  channel  is  straight,  both  above  and  below  the 
station.  The  right  bank  is  low,  and  the  left  bank  is  high;  neither  is 
very  liable  to  overflow.  The  bed  of  the  stream  is  loam  and  cla3^  The 
initial  point  for  sounding  is  a  nail  in  the  footboard  at  the  left  end  of 
the  bridge.  Two  bench  marks  are  located  on  the  piers  of  the  bridge. 
This  station  was  discontinued  soon  after  it  was  established,  becau.se  it 
was  found  that,  as  a  result  of  its  proximity  to  Lake  Winnebago,  the 
elevation  of  the  water  depended  as  much  upon  the  direction  of  the 
wind  as  upon  the  volume  of  the  discharge.  Besides,  lumber  rafts 
anchored  at  this  bridge  made  observations  for  discharge  both  difficult 
and  unreliable. 

» 

The  following  discharge  measurement  was  made  in  1902: 
November  26:  Gage  height,  4.15  feet;  discharge,  4,932  second-feet. 
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Daily  gage  height^  hi  feet,  of  Fox  River  at  Ofhkoshf  Wis. 


Day. 

Nov.  Dec. 

Day. 

Nov. 

Dec. 

Day. 

Nov. 

Dec. 

1  ... 

1902. 

4.05 

12  .. 

1902. 

4.05 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.05 

4.05 

4.05 

23.. 

1902. 

4.1 

-  - 

2 

'  4.15 

13 

24 

4.1 

3 

4.15 

14 

25 

4.05 

4 

1  4.10 

15 

m,^    .................. 

26 

4.15 

4.2 

4.1 

3.9 

3.95 

4.1 

5... 

4.10 

4.10 

4.10 

4.05 

16 

27.. 

4.1 

6... 

17 

28.. 
29.. 
30.. 
31  .. 

4.1 

7  .. . 

18 

4.r 

8  ... 

19 

• 

4.1 

9 

4.05 

20 

4.1 

10 

4.05 

21 

11  ... 

'   4.05 

t 

22 

FOX   RIV^ER  AT  WRIGHTSTOWN,  WIS. 

This  station  was  established  November  19, 1902,  by  L.  R.  Stockman. 
It  is  located  on  the  highway  bridge  in  Wrightstown,  Wis.  The  gage 
is  a  plain  staff,  graduated  to  feet  and  tenths,  and  fastened  to  the  pile 
in  the  guard  to  the  center  pier.  It  is  read  twice  daily  by  Peter  Van 
Licshout.  The  initial  point  of  sounding  is  a  nail  in  the  footboard  on 
the  left  end  of  the  bridge.  The  channel  is  straight  for  three-fourths 
of  a  mile  above  the  bridge,  and  for  a  short  distance  below.  The  right 
bank  is  low  and  the  left  bank  is  high;  neither  bank  is  liable  to  over- 
flow. The  bed  of  the  stream  is  gravelly  loam.  The  bench  mark  is  a 
projecting  stone  in  the  northwest  corner  of  the  foundation  of  the 
American  House,  2  feet  from  the  corner.  Elevation  above  zero  of 
gage  is  20.21  feet.     Elevation  above  bench  mark  No.  2  is  12.46  feet. 

The  following  discharge  measurements  were  made  during  1902: 

November  19:  Gage  height,  6.4  feet;  discharge,  3,284  gecond-feet. 
November  20:  Gage  height,  6.4  feet;  discharge,  3,238  second-feet. 
December  11:  Gage  height,  6.6  feet;  discharge,  3,563  second-feet. 

Daily  gage  height,  in  feet,  of  Fox  River  at  Wrightstown,  Wis. 


Dftv. 

Nov.  Dec. 

1 

i 

Day. 

Nov. 

1 

Dec, 

6.50 
6.50 
5.70 

23.. 

Day. 

Nov. 

Dec. 

1902. 
1            

6.45 

12  ... 

1902. 

1902. 

5.40 

6.35 

2       

" 

6.45 
6.50 

13 

i  24.. 

5.48 
6.45 
6.55 
6.50 
6.45 
6.50 
5.30 

6.80 

•        

•■•••• 

14  ... 

25 

5.60 

4            .... 

6.55 
6.50 
6.55 
5.50 
5.75 
6.40 
6.46 
6.60 

15  . . . 

5.50 

26 

5.50 

1 

5     

16... 

6.55 
6.45 
6.40 
6.40 
6.45 
5.70 

0.45 

1 

,27.. 

6.35 

A        • 

17  ... 

1 
28  . . 

5.60 

7      

18... 

29.. 

5.45 

8     

19... 

6.40 
6.45 
6.45 
6.45 

30.. 

6.25 

g 

20... 

31 

6.40 

10   

'21... 
22... 

11    

" 1 

300 


STREAM    MEASUREMENTS    IN   1902,  PART   II. 


[NO.  8S. 


WOLF  RIVER   AT   WINNECONNE,  WIS. 


This  station  was  established  November  24, 1902,  by  L.  R.  Stockman. 
It  is  on  the  town  highway  bridge  in  Winneconne,  Wis.  The  gage  i.s 
a  plain  staff,  graduated  to  feet  and  tenths,  and  fastened  to  one  of  the 
bridge  piles.  It  is  read  twice  daih'  b}'  C.  P.  O'Toole,  The  channel 
is  straight  both  above  and  below  the  bridge.  The  right  bank  is  high 
and  the  left  bank  is  low.  Thev  never  overflow.  The  bed  of  the  stream 
is  loam.  The  bench  mark  i.s  on  the  water  table  in  the  northeast  cor- 
ner of  the  Union  Bank;  elevation,  12.81  feet  above  zero  of  gage. 
The  initial  point  of  sounding  is  a  nail  in  the  footboard  on  the  left 
bank. 

The  following  measurements  were  made  during  1902: 

November  24:  Ga^  height,  5.6  feet;  discharge,  4,430  second  feet. 
December  15:  Gage  height,  5.4  feet;  discharge,  1,144  second  feet. 

Daily  gage  height ^  in  feet,  of  Wolf  River  at  Winneconne,  Win. 
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LETTER  OF  TRANSMITTAL. 


Deparment  of  the  Interior, 
ITnited  States  (tEOlogical  Survey, 

Division  of  IIydro(jraphy, 
Washingion,  D.  C,  June  29,  lOOS, 
Sir:  I  have  the  honor  to  transmit  herewith  Wuter-Supply  Paper 
No.  84,  which  is  Part  III  of  the  Report  of  Progress  of  Stream  Meas- 
urements for  1902.  This  paper  contains  the  data  which  has  been 
received  during  1002  from  that  portion  of  the  territory  west  of  the 
Mississipx)i  River  which  drains  either  into  the  Mississippi  River  or 
the  western  (Julf  of  Mexico.  This  paper  will  be  followed  by  Water- 
Supply  Paper  No.  85,  which  will  contain  the  data  from  the  remainder 
of  the  Western  States,  and  will  also  complete  the  Progress  Report  of 
Stream  Mejvsurements  for  1902. 

These  papers  contain,  for  the  various  gaging  stations,  the  original 
data  as  collected  and  the  results  obtained  from  the  discussion  of  these 
datA,  also  such  other  information  as  is  of  interest  in  hydrographic 
.studies. 

Very  respectf ull^^ 

F.  II.  Newell, 

Hijdro(j raphe r  in  Charge, 
lion.  Charles  D.  Walcott, 

Director  United  States  Gexdogical  Surrey. 
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PROGRESS  REPORT  OF  STREAM  MEASURE 
MENTS  FOR  THE  CALENDAR  YEAR  1902. 

PA.RT    III. 


By  F.  H.  Newell. 


INTRODUCTION. 

This  paper  contains  the  data  collected  in  the  territory  which  drains 
from  the  West  either  into  the  Gulf  of  Mexico  or  the  Mississippi  River, 
and  for  convenience  in  arrangement  the  material  has  iK^en  grouped 
under  these  two  headings.  This  paper  with  Water-Supply  Paper  No. 
85  make  up  the  Progress  Report  of  Stream  Measurements  for  the  ter- 
ritory west  of  the  Mississippi  River.  The  report  for  the  U»rritory  east 
of  the  Mississippi  River  is  contained  in  Water-Supply  Papera  Nos.  82 
and  8*5.  The  material  in  each  of  these  papers  consists  of  both  the 
original  data  as  collected  at  the  various  river  stations  and  the  results 
o))tained  from  the  discussion  of  these  data;  also  brief  descriptions 
and  fact**  regarding  such  other  subjects  as  are  allied  to  hydrographic 
studies. 

For  convenience  in  arrangement  the  data  under  the  two  main  parts 
of  this  paper  have  been  grouped  by  drainage  areas  and  these  have  been 
ari*anged  geographicall}'^  from  North  to  South. 

In  collecting  hydrographic  data  the  Geological  Survey  has  received 
the  hearty  cooperation  of  various  individuals,  corporations,  and  States, 
as  mentioned  hereafter.  This  cooperation  has  nmde  possible  the  pub- 
lication of  many  valuable  rec^ords  which  could  not  otherwise  have 
been  obtained. 

A  brief  historical  sketch  of  the  stream  measurements  made  by  the 
Geological  Survey  is  published  on  pages  11  to  15  of  Water-Supply 
Paper  No.  75. 

On  figs.  1  and  2  the  full  dots  show  the  relative  location  of  the  stations 
at  which  the  U.  S.  Geological  Survey  is  collecting  hydrographic  data. 
The  section  west  of  the  shaded  line  comprises  those  States  which  are 
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covered  by  the  national  irrigation  act  of  June  17,  1902  (Stat.  L.,  vol. 
32,  pp.  388-300),  and  the  cross-lined  areas  show  the  location  of  the 
irrigation  projects  which  are  now  under  investigation. 
The  results  of  the  stream  measurements  made  during  the  past  years 


Fio.  1.— L<xjatioii  of  river  Btationi)  and  principal  irrig?.tion  projects  in  we>ter:i  half  of  United 

States,  mx^. 


by  the  IT.  S.  Geological  Survey  can  bo  found  in  the  following  publi- 
cations, which  may  be  consulted  at  the  public  libraries  in  most  cities: 

1893.  BuUetinNo.  131. 

1894.  Bulletin  No.  131. 

1895.  Bulletin  No.  140. 


Nli:WKLL.l 


INTRODUCTION. 
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1896.  Water-Snpply  Paper  No.  11:  Part  IV  of  the  Eighteenth  Annual  Report. 

1897.  Water-Snpply  Papers  Noe.  15  and  16;  Part  TV  of  the  Nineteenth  Annual 
Report. 

1898.  Water-Supply  Papers  Nob.  27  and  28;  Part  IV  of  the  Twentieth  Annual 
Rt*X*<*rt. 


Fio.  2.— Location  of  rirer  stations  in  eastern  half  of  United  StateH,  1902-9. 


1899.  Water-Supply  Papers  Nos.  36  to  39,  inclusive;  Part  IV  of  the  Twenty-first 
^noal  Report. 

1900.  Water-Supply  Pai)er8  Nos.  47  to  52,  inclusive;  Part  IV  of  the  Twenty- 
a«»cond  Annual  Report. 

1901.  Water-Supply  Papers  Nos.  65,  66,  and  75. 

1902.  Water-Supply  Papers  Nos.  82  and  85,  inclusive. 
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Most  of  the  measurements  presented  in  this  paper  have  been  obtained 
through  local  hydrographers  and  engineers.  Acknowledgment  is 
due  to  each  of  these  persons,  and  thanks  are  extended  to  other  persons 
and  corporations  who  have  assisted  local  hydrographers  or  who  have 
cooperated  in  any  way,  either  by  furnishing  records  or  by  assisting  in 
transportation. 

The  following  list,  arranged  alphabetically  by  States,  gives  the 
names  of  the  resident  hydrographers  and  others  who  have  assisted  in 
furnishing  and  preparing  the  data  contained  in  this  report: 

Colorado. — Resident  hydrographer,  A.  L.  Fellows,  assisted  by  M.  C.  Hinder- 
lider.  Acknowledgments  are  also  due  to  the  following  individuals  and  corpora- 
tions for  assistance  rendered  and  data  famished:  Hon.  A.  J.  McCnne,  State  engi- 
neer of  Colorado;  Hon.  J.  J.  Armstrong.  E.  R.  Chew,  and  A.  F.  Reeves,  snper- 
inteudents  of  irrigation;  L.  H.  Dickson  and  T.  J.  Burrows,  water  commissioners: 
also  to  other  water  commissioners  who  have  given  assistance  from  time  to  time. 

Transportation  has  been  furnished  by  the  Denver  and  Rio  Grande,  Atchison. 
Topeka  and  Santa  Fe,  Colorado  and  Southern,  Union  Pacific,  and  Rio  Qrande 
Southern  railroads. 

Special  assistance  was  rendered  by  the  officers  of  the  Arkansas  Valley  Beet  and 
Irrigated  Land  Company,  at  Lamar,  and  C.  A.  Jones,  at  Forks  Creek. 

Kontfajt. — Resident  hydrographer,  W.  G.  Russell.  Acknowledgments  are  also 
due  to  the  Chicago,  Rock  Island  and  Pacific;  Missouri,  Kansas  and  Texas;  Atchi- 
son, Topeka  and  Santa  Fe,  and  Union  Pacific  railways  for  transi>ortation  fnmished 
resident  hydrographer  in  Kansas.  Oklahoma,  and  Indian  Territory. 

Montana. — Resident  hydrographer,  J.  S.  Baker,  assisted  by  H.  B.  Waters. 
Acknowledgments  are  also  due  to  Arthur  P.  Stover,  wh.)  furnished  the  results  of 
a  number  of  measurements  on  the  West  Gallatin  River,  near  Saleaville,  Mont., 
and  on  Middle  Creek,  near  Bozeman.  Mont. 

Nebraska. — Resident  hydrographer,  J.  C.  Stevens.  Acknowledgments  are  also 
due  to  the  following  individuals  and  corporations  for  assistance  rendered  and 
data  furnished: 

Adna  Dobson.  C.  E.,  State  engineer,  secretary  of  the  State  board  of  irrigation: 
B.  E.  Forbes,  assistant  secretary  State  board  of  irrigation;  H.  O.  Smith,  Lexing- 
ton, Nebr.,  under  secretary  Stat,  board  of  irrigation*,  Robert  H.  Willis,  C.  E., 
Bridgeport,  Nebr. .  under  assistant  State  board  of  irrigation.  The  Burlington  and 
Missouri  River,  and  Fremont,  Elkhom  and  Missouri  Valley  Railroaxl  Companies? 
have  also  rendered  valuable  assistance. 

iVVir  Me.vico. — Acknowledgments  are  due  to  W.  W.  FoUett,  consulting  engineer 
International  (Water)  Boundary  Commission,  for  the  data  at  stations  upon  the 
Rio  Grande  River  lK)tli  in  New  Mexi(;o  and  Texas. 

OktahotiKt. — Resident  liydrograi)her,  W.  G.  Russell. 

South  Dakota. — Resident  hydrographer.  J.  C.  Stevens,  assists  by  Prof.  A.  B. 
Crane.  Brookings,  8.  Dak. 

Tewas. — Resident  hydrographer,  Thomtis  U.  Taylor. 

Wiiomiiaj. — Resident  hydrographer.  A.  J.  Parshall.  Acknow^ledgments  are  also 
due  to  the  following  individuals  and  corjwrations  fr)r  assistance  rendered  and 
data  furnished: 

To  H.  G.  Burt,  president  of  Union  Pacific  Railroad  Company:  to  G.  W.  Hol- 
drege.  general  manager  Burlington  and  Missouri  River  Railroad  in  Nebraska;  to 
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Frank  Trnmbull,  president  of  the  Colorado  and  Southern  Railway  Company:  and 
to  Oeorge  F.  Bid  well,  general  manager  of  Fremont,  Elkhorn  and  Missouri  Valley 
Railroad  for  free  transportation  over  their  lines. 

Acknowledgments  are  also  due  Xo  John  C.  Iloyt,  (xeorge  L.  Warner, 
II.  G.  Stokes,  and  Frank  II.  Brnndage,  for  computations  on  and  the 
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WESTERN  MISSISSIPPI   RIVER  DRAINAGE. 

• 

For  convenience  in  arrangement,  the  stations  froui  which  tne  Geo- 
lo|JCical  Survey  has  obtained  data  during  1002,  and  which  are  located 
on  rivers  tributary  either  directly  or  indirectly  to  the  Mississippi 
River  from  the  West,  have  been  grouped  under  Missouri,  Platte,  Kan- 
sas, Arkansas,  and  Red  River  drainage  basins.  These  are  arranged 
in  the  report  in  this  order. 

>II8SOUIlI   RIVFR  DHAIIS^AGE   BASIN. 

The  Missouri  River  is  formed  by  the  junction  of  the  .]effei*soii, 
Madison,  and  Gallatin  rivers  at  Three  Forks,  Mont.  Of  its  tributa- 
ries, the  Marais  des  Cygnes  River  rises  in  the  eastern  part  of  Kansas, 
flows  east,  and,  as  Osage  River,  enters  the  Missouri  below  Jefferson 
Cii3',  Mo.  The  Big  Sioux  River  drains  the  extreme  eastern  part  of 
South  Dakota  and  flow^s  south  into  the  Missouri  at  Sioux  City,  Iowa. 
The  Niobrara  River  drains  the  extreme  northern  part  of  Nebraska 
and  flows  east  into  the  Missouri  at  Niobrara^  Nebr.  The  Yellowstone 
River  has  its  source  in  a  lake  of  the  same  name  in  Yellowstone 
National  Park,  from  which  it  takes  a  general  northeasterly  course  and 
flows  into  the  Missouri  near  the  Montana-North  Dakota  l>oundary. 
Its  principal  tributaries  are  the  Powder  River,  of  which  C'lear  Creek 
and  Piney  Creek  in  Wyoming  are  small  tributaries  near  its  head- 
waters, and  the  Big  Horn,  w^hich  drains  northeastern  Wyoming,  and 
of  which  the  Shoshone  is  a  tributary.  The  Milk  River  rises  cm  the 
divide  in  the  northwestern  part  of  Montana,  flows  northeast  into 
Canada  and  then,  with  a  general  easterly  course,  flows  back  into  Mon- 
tana, emptying  into  the  Missouri  in  the  northeastern  part  of  the  State. 
The  Musselshell  River  rises  in  Meagher  County,  in  south  central  Mon- 
tana, flows  east,  then  north  into  the  Missouri,  about  100  miles  above 
Ihe  mouth  of  Milk  River.  The  Marias  River  rises  on  the  divide  in  tli0 
northwestern  part  of  Montana  and  flows  east  into  the  Missouri.  Two 
Medicine  Creek  is  a  tributary  near  its  headwaters.  West  Gallatin 
River,  the  longest  fork  of  the  Gallatin,  rises  in  Yellowstone  Park  and 
flows  north  to  its  junction  at  Three  Forks,  Mont.,  with  the  Madison 
and  Jefferson  Rivers.  Middle  Creek  is  a  small  tributary  of  the  East 
Gallatin  River.  The  Madison  River  rises  in  Yellowstone  Park  and 
flows  north  parallel  to  the  West  Gallatin.     The  Jefferson  River  is 
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formed  by  the  Beaverhead  and  Big  Hole  rivers.  Its  tributaries  drain 
extreme  southwestern  Montana.  The  following  is  a  list  of  the  station.'^ 
in  the  Missouri  River  drainage  basin: 

Marais  des  Cygnes  River  at  Ottawa,  Kans. 

Big  Sioux  River  near  Watertown,  S.  Dak. 

Niobrara  River  at  Niobrara,  Nebr. 

Niobrara  River  at  Valentine,  Nebr. 

Clear  Creek  at  Buffalo,  Wyo. 

Piney  Creek  at  Kearney,  Wyo. 

Shoshone  River  at  Cody,  Wyo. 

Big  Horn  River  near  Thermopolis,  Wyo. 

Yellowstone  River  near  Livingston,  Mont. 

Milk  River  at  Malta,  Mont. 

Milk  River  at  Havre,  Mont. 

Musselshell  River  at  Shawmut,  Mont. 

Marias  River  near  Shelby,  Mont. 

Two  Medicine  Creek  at  Mid  vale,  Mont. 

Missouri  River  at  Cascade,  Mont. 

Missouri  River  at  Townsend,  Mont. 

Gallatin  River  at  Logan,  Mont. 

West  Gallatin  River  near  Salesville,  Mont. 

Middle  Creek  near  Bozeman,  Mont. 

Madison  River  near  Norris,  near  Redbluff,  Mont. 

Jefferson  River  at  Sappington,  Mont. 

MARAIS  DES  CYGNES  RIVER  AT  OTTAWA,  KANS. 

This  station  was  established  August  20, 1902,  by  W.  G.  Russell,  and 
is  located  on  the  highway  bridge  near  the  center  of  the  town  of 
Ottawa,  Kans.  The  gage  is  of  the  usual  wire  type,  with  the  scale  bar 
graduated  to  feet  and  tenths,  and  spiked  to  the  bridge  floor.  The 
initial  point  for  sounding  is  on  the  right  bank:  The  channel  l)oth 
above  and  below  the  station  is  straight  and  the  current  quite  swift. 
Both  the  right  and  left  banks  are  high  and  the  bed  of  the  stream  is 
rocky.     The  gage  is  read  daily  by  W.  H.  Blacksten. 

The  following  discharge  measurements  were  made  during  1902: 

Angnst  26:  Gage  height,  3.60  feet;  discharge.  2,080  second-feet. 
September  25:  Gage  height,  5.40  feet;  discharge,  8,390  second-feet. 
November  22:  Gage  height,  2.20  feet;  discharge,  417  second-feet. 
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Lktily  gage  height^  in  feet ,  of  Marais  dejt  Cygiies  RitJer  at  Ottawa.  Kaiiit. 

m 


1 

Day.        Angr.      Sept. 

o-t. 

Nov. 

Doc. 

1     Day. 
1902. 

Aug. 

1 

1 

t 

Sept. 

Oct. 

_ 

Nov. 

Dec. 

ll*tt.      1 

1 

1 

...  '     13.5I> 

4.00 

1.90 

2.50 

17 

1.80 

2.20 

2.70 

i       2.30 

*» 

9.15 

2.60 
2.40 

1.90 
1.90 

2.30 
2.50 

:i8 

19 

1.80 
1.70 

2.10 
2.10 

2.40 
2.40 

2.20 

:i      

....       3.20 

2.10 

4 

....       2.40 

13.70 

2.00 

4.70 

20 

1.80 

2.00 

2.30 

4.80 

5 

.-.-        2.20 

22.25 

2.40 

3.00 

21 

1.80 

2.a) 

2.20 

11.90 

«. 

....       6.30 

22.30 

2.40 

2.40 

22 

2.90 

2.00 

2.20 

7.60 

1 

15.90 

16.20 
3.30 

2.20 
2.10 

2.30 
2.20 

23 

'  24 

7.00 
12.75 

2.00 
2.00 

2.20 
2.20 

3.50 

8 

9.60 

2.90 

9 

2.90 

2.80 

2.00 

2.20 

25 

7.20 

2.00 

2.40 

2.50 

10... 

2.30 

2.60 

2.00 

2.20 

26 

3.60 

3.50 

2.00 

2.40 

2.40 

11 

....       2.10 

2.50 

2.00 

2.10 

27 

2.80 

2.70 

l.CO 

2.30 

2.40 

12 

2.10 

2.40 

1.90 

2.30 

28 

2.60 

2.40 

1.90 

2.20 

2.30 

13 

....       2.00 

2.40 

2.00 

2.30 

29 

2.30 

2.20 

1.90 

2.10 

2.30 

U 

....       2.00 

2.30 

2.00 

2.30 

30 

2.20 

4.60 

1.90 

2.10 

2.20 

15 

....       1.90 
1.90 

2.21 

'      2.20 

1 

3.70 

3.40 

1 

2.20 
2.20 

31 

1 

7.46 

1.90 

2.20 

16 ... 

BIG   SIOUX   RIVER  NEAR  WATERTOWN,  S.  DAK. 

Big  Sioux  River  rises  in  Grant  County,  S.  Dak.,  about  30  miles 
north  of  Watertown.  Its  principal  headwaters  drain  lands  consti- 
tuting part  of  the  Sisseton  and  Wahpeton  Indian  Reservation.  Its 
«:eneral  course  is  southeast,  and  it  empties  into  Missouri  River  near 
Sioux  City,  Iowa.  The  river  is  of  interest  on  account  of  its  water 
powers,  a  number  of  which  have  been  developed,  principally  at  Flan- 
dreaa,  Dell  Rapids,  and  Sioux  Falls,  S.  Dak.,  and  at  Akron,  Iowa. 

Lake  Poinsett,  which  lies  almost  wholly  in  Ilamlin  County,  S.  Dak., 
has  its  outlet  in  Big  Sioux  River  near  Dempster,  a  short  distance 
above  Estellino.  Immediately  below  the  outlet  of  the  lake  a  dam  has 
been  constructed  on  the  Big  Sioux  to  maintain  the  level  of  the  lake 
within  certain  limits. 

The  gaging  station  was  established  by  O.  V.  P.  Stout,  the  gage 
being:  put  in  September  15,  1000,  by  George  W.  Carpenter,  county 
surveyor  for  Codington  County.  It  is  located  on  the  farm  of  L.  E. 
Spicer,  about  4  miles  above  Watertown.  The  gage  consists  of  an 
inclined  rod  securely  fastened  on  the  right  bank  of  the  stream.  The 
observer  is  L.  E.  Spicer.  During  1902  the  following  discharge  meas- 
urements were  made  by  A.  B.  Crane. 

May  24:  Gage  height,  1.42  feet;  discharge,  22  second-feet. 
July  15:  Gage  height,  0.76  foot;  discharge  2.3  second-feet. 
November  15:  Gage  height  0.82  foot;  discharge,  2.7  second-feet. 
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{N*».  ^. 


2. 
3. 

•i. 


r>. 


6. 

< . 

8. 

9. 
10. 
11. 
12. 
13. 
14 
15. 
16. 
17 
18. 
19. 
20 
21 
22 
2:^ 
24 
25 
26 

28 
29 
HO 
31 


IMtily  ijagv  height,  infect,  of  Big  Sioux  River  at  Watertown^  S.  Jhtk. 


Day. 
1902. 


May. 


Jane. 

1.15 
1.16 


0.88 


1.15 


.88 
.88 


Aug. 

0.70 
.70 


Sept. 


.90 


<><.-t. 


N<»r. 


0.  ^«• 


0.70    . 

I 

'.'tu' 


.'V 


so 


I 


.»» 


1.15 


A5 


1.13 


.70 

.«ro 


7J  '. 


,w 


70 


1.00 


90 
.85 


.83 
.80 
.75 


70 


72 


70 
70 

70 


.  <5 


,80 
.80 


.08 


.70  ;         fO 

.7.)  '  .S) 

.«0  j    

♦« 

.09     


.8;i  1 

.7:^ 

— 

.G8  i 

.70  1 

1 

1 

• 

..'"4 

.8.-}  1 

.73 

.83  • 

1 

H 

1 

1 

.70 

.80 

1.30    . 

sr> 

"V 

.80 

.72  ' 

-!- 

1.25 

1.00  ' 

.70 

— 

.73  1 
.72  ; 

1 

85 

.96 

.70 

.a) 

I'M 

1.15    . 

.80  1. 

"  <  )li«<«rvati<>na  diwrontinued  NovemlKT  28  on  account  of  ic«i, 
NIOBRARA   RIVER  AT   NIOBRARA,  NEBR. 

This  slation  whh  established  May  11,  1902,  by  J.  C.  St-eveim.  It 
is  located  at  the  wooden  highway  bridge  1  mile  southwest  of  the 
city  of  Niobrara.  I'he  gage  is  of  the  usual  w4re  type,  graduat/ed  to 
feet  and  lialf-tenths.  It  is  read  daily  by  Miner  Thompson,  who  lives 
near  b}'.  The  measurements  are  taken  from  the  bridge.  The  initial 
point  of  soundings  i.s  on  the  east  end  of  the  bridge  on  the  upstream 
side.  The  channel  is  straight  for  a  considerable  distance  both  above 
and  below  the  station.  The  banks  are  low,  but  not  liable  to  overflow. 
The  bed  of  the  stream  is  sandy  and  shifting.  The  main  channel 
seems  to  be  changing  from  the  right  to  the  left  bank.  The  zero-mark 
of  the  gage  is  6.8  feet  east  of  the  face  of  the  fourth  floor  beam  from 
the  west  end  of  the  bridge.  From  the  index  on  the  wire  to  the  lK)ttom 
of  the  sash  weight  is  10  feet.     When  the  gage  reads  zero  the  ivater  is 
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12.41)  feet  below  the  top  of  the  face  plate  on  the  south  pier  at  the  west 
eiitl  of  the  bridge. 

Discharge  jneasuremetits  of  Niobrara  River  at  Niobrara^  Nebr. 


Date. 


Hydrographer. 


1902. 

May  11- I  J.C.Stevens. 

July  6 do 

July  25 ! do 

August  21 -do 


September  28 


_do 


hei^l     Discharge. 


Feet. 
2. 55 
2.85 
2.00 
2.10 
1.90 


Sec. -feet. 
1,637 
2,021 
1,401 
1,106 
2,201 


Daily  gage  height^  infe4>t,  of  Niobrara  River  at  Niobrara,  Nebr, 


i>a.: 


May.     June.  ,  July.     Aug. 


Sept. 


1 

i9oe. 

•■• 

3                

'^ ■            1 

4        

Tf                                    .. ...-_.... .... . . . 

6             

»w 

fi               

9 

10           1 

11        

2.5') 

12         

2,67 

13         

2.57 

14           .,  

2.70 

15       

2.70 

16      

2.75 

17      

2.57 

18      

2.67 

19       

2.80 

20        

2.90 

a      

3.00 

22      

2.90 

23      

2.57 

24       

2.45 

25 

2.40 

26      

2.60 

27       - 

2.50 

98        

2.60 

29     

2.55 

¥)       

2.5f) 

31 

2.45 

I 


2.60 
2.50 
2.50 
2.55 
2.70 
2.60 
2.60 
2.55 
2.70 
2.60 
2.60 
2.75 
2.60 
2.60 
2.60 
2.65 
2.75 
2.70 
2.65 
2.65 
2.75 
2.80 
2.80 
2.60 
2.60 
2.70 
2.85 
2.70 
2.80 
2.75 


2.70 
2.90 
2.95 
2.90 
2.£0 
2.80 
2.70 
2.70 
2.75 
2.67 
2.60 
2.60 
2.60 
2.65 
2.60 
2.60 
2.60 
2.60 
2.65 
2.60 
2.60 
2.60 
2.55 
2.60 
2.65 
2.75 
2.70 
2.70 
2.70 
2.70 
2.70 


2.70 
2.65 
2.65 
2.60 
2.60 
2.55 
2.55 
2.55 
2.60 
2.60 
2.70 
2.60 
2.55 
2.50 
2.70 
2.70 
2.75 
2.80 
2.a5 
2.75 
2.70 
2.80 
2.70 
2.60 
2.75 
2.90 
2.75 
2.65 
2.60 
2.55 
2.60 


2.60 
2.50 
2.60 
2.50 
2.45 
2.45 
2.60 
2.45 
2.40 
2.45 
2.40 
2.35 
2.40 
2.35 
2.30 
2.20 
2.83 
2.20 
2.20 
2.50 
2.90 
2.80 
2.80 
2.60 
2.60 
2.60 
2.50 
2.60 
2.45 
2.40 


Oct. 


2.40 
2.40 
2.40 
2.80 
2.30 
2.30 
2.25 
2.20 
2.20 
2.20 
2.10 
2.10 
2.10 
2.10 
2.05 
2.00 
2.10 
1.90 
1.90 
2.U0 
2.00 
1.90 
1.90 
1.90 
1.90 


a  Observations  discon tinned  October  25,  on  account  of  ice. 
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NIOBRARA  RIVER  AT  VALENTINE,  NEBR. 

A  gaging  station  was  established  July  22,  1897,  by  O.  V.  P.  Stout, 
aud  was  known  as  the  Fort  Niobrara  station.  It  was  about  three- 
puarters  of  a  mile  southwest  from  Fort  Niobrara  and  about  3  miles 
east  of  Valentine,  Nebr.  The  original  gage  was  an  oak  rod  2  by  4 
inches,  graduated  to  tenths  of  a  foot,  and  fastened  in  a  vertical  posi- 
tion by  lag  screws  to  a  plumb  post  in  the  trestle  bent  which  serves  as 
the  west  pier  of  the  military  bridge  near  Fort  Niobrara.  The  zero  of 
the  gage  was  9.08  feet  below  the  top  of  the  short  cap,  at  the  shoe  of  the 
north  truss  at  the  west  end  of  the  bridge;  it  was  also  8.09/eet  below  the 
top  of  the  north  end  of  the  long  pile  cap,  below  the  cap  above  noted; 
and  also  9.17  feet  lower  than  the  top  of  the  west  side  of  the  iron  cap 
of  the  north  cylinder  of  the  center  pier  of  the  bridge.  This  station 
was  afterwards  discontinued,  but  was  resumed  on  April  20, 1801),  when 
a  rod  was  located  195  feet  downstream  from  the  wagon  bridge  near 
Fort  Niobrara.  The  rod  was  solidlj^  bedded  on  cross- ties  and  well 
fastened  with  bridge  spikes.  It  was  a  new  3  by  4  incli  oak  rod  10  feet 
long,  and  was  placed  on  the  left  bank  of  the  stream.  Bench  mark  N  o.  1 
was  the  top  of  a  large  spike  driven  in  the  top  of  a  2  by  4  inch  timber 
which  was  set  4  feet  in  the  ground  and  12  feet  west  of  the  rod,  and  was 
5.63  feet  above  gage  datum.  Bench  mark  No.  2  was  the  top  of  the 
short  cap  at  shoe  of  truss  at  west  end  of  the  bridge,  downstream  side, 
and  was  9.98  feet  above  the  zero  of  the  gage.  Bench  mark  No.  .*}  wjts 
the  top  of  the  plate  of  the  center  pier  of  the  bridge,  downstream  side, 
and  was  10.03  feet  above  gage  datum.  Thomas  Dillon,  mail  e^irrier 
between  Valentine  and  Fort  Niobrara,  was  the  observer.  On  June  20, 
1901,  it  was  reestablished  at  the  Borman  bridge,  wliich  is  about  3 
miles  upstream  from  the  military  bridge.  The  gage  is  of  the  wire 
and  weight  type,  gage  heights  being  marked  by  staples  on  the  bridge 
rail.     The  zero  of  the  gage  is  12  feet  ])elow  the  top  of  the  bridge  floor. 

Discharge  measurements  of  Niobrara  River  at  Valentine,  Nebr. 


Date. 


Hydrographer. 


1902.  ; 

March  22 J.C.Stevens 

April  12 do 

June  15 do    .  

July  4 do 

July  20 do 

August  20 do 

September  26 do 

November  IJJ _  _do  


Oanre 
height. 

1 

Disc-harKe. 

1 

Feet. 

Sec. 

-fr^t. 

1.66 

971 

1.50 

7^ 

1.30 

1 

58.> 

1.60 

800 

1.40 

727 

1.40 

681 

1.55 

733 

1.60 

7U 
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Daily  gage  height,  in  feet,  of  Niobrara  River  at  Valentine,  Nebr, 


Day. 

Mar. 

Apr. 

May. 

iwe. 

1- 

1.68 
1.61 
1.64 
1.70 
1.68 
1.75 
1.50 
1.68 
1  54 
1.55 
1.44 
1.54 
1.58 
1.60 
1.54 
1.64 
1.72 
1.66 
1.58 
1.66 
1.47 
1.74 
1.60 
1.52 
1.80 
1.75 
1.54 
1.72 
1.58 
1.65 

1.63 

... .... 

2 ' 

1.65 

3 1 

1.60 

4 

1.68 

5. 1 

1.66 

6 

1.63 

7. _.. 

1.47 

8 

1.66 

9 

C) 
1.78 

1.80 
1.75 
1.79 

i.er 

1.66 
1.40 
1.33 
1.60 
1.95 
1.85 
2.06 
1.66 
1.76 
1.98 
1.90 
1.96 
1.93 
1.89 
1.83 
1.97 
1.86 

1.60 

10 

1.54 

11 

1.52 

12 

1.64 

13 

1  67 

14 

1.56 

15 

1.63 

16. 

1.47 

17 

18 

1.52 
1.49 

19_ 

80 

21 

22 

1.83 
1.78 
1.51 
1.46 

23 

1.51 

24 - 

25 

26 - 

27 - 

28 

1.46 
1.44 
1.42 
1.48 
1.37 

29 

1.40 

30 

1.33 

31 

1.42 

June.  I  July. 


1.50 
1.42 
1.44 
1.45 
1.54 
1.56 
1.44 
1.58 
1.42 
1.40 
1.42 
1.60 
1.48 
1.40 
1.28 
1.42 
1.47 
1.34 
1.52 
1.47 
1.36 
1.80 
1.32 
1.86 
1.33 
1.34 
1.37 
1.46 
1.95 
2.10 


8.10 
1.95 
1.73 
1.56 
1.58 
1.38 
1.25 
1.90 
1.88 
1.32 
1.32 
1.86 
1.27 
1.82 
1.26 
1.25 
1.26 
1.40 
1.42 
1.40 
1.31 
1.32 
1.37 
1.41 
1.32 
1.38 
1.85 
1.32 
1.34 
1.45 
1.36 


Aug. 


1.31 
1.32 
1.88 
1.31 
1.42 
1.88 
1.31 
1.43 
1.48 
1.40 
1.24 
1.20 
1.36 
1.38 
1.39 
1.88 
1.44 
1.37 
1.88 
1.34 
1.45 
1.43 
1.34 
1.43 
1.62 
1.45 
1.31 
1.38 
1.40 
1.43 
1.52 


Sept. 


1.40 
1.38 
1.30 
1.27 
1.28 
1.30 
1.27 
1.41 
1.28 
1.26 
1.33 
1,32 
1.29 
1.87 
1.33 
1.85 
1.34 
1.45 
1.40 
1.48 
1.45 
1.47 
1.33 
1.87 
1.48 
1.50 
1.58 
1.45 
1.57 
1.42 


Oct. 


1.43 
1.47 
1.42 
1.44 
1.47 
1.45 
1.44 
1.45 
1.46 
1.51 
1.53 
1.55 
1.52 
1.49 
1.48 
1.66 
L52 
1.48 
1.60 
1.49 
1.48 
1.61 
1.55 
1  60 
1.61 
1.66 
1.53 
1.52 
1.51 
1.54 
1.50 


Nov.    I   Dec. 


1.68 
1.64 
1.58 
1.60 
1.57 
1.65 
1.54 
1.68 
1.54 
1.62 
1.50 
1.56 
1.60 
1.68 
1.66 
1.62 
1.66 
1.61 
1.54 
1.57 
1.60 
1.66 
1.62 
1.53 
1.60 
1.61 
1.66 
1.68 
1.46 
1.48 


1.66 
1.46 
1.16 
1.40 
1.48 
1.65 


a  Ice  interfered  with  observations  from  January  1  to  March  9  and  from  December  6  to  31. 
Rating  table  for  Niobrara  River  at  Valentine,  Nebr, ,  for  1902, 


Oage 
hei^t. 

Discharge. 
Secondrfeet. 

475 
490 
525 

Gage 
height. 

Discharge. 

Second-feet. 
580 

655 

750 

1 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 
1.0 

1.1 

1.2 

!     Feet. 
1.3 

1.4 

;     1.5 

Feel. 
1.6 

1-7 
1.8 

Second-feet. 
865 
1,000 
1,155 

Feet. 
1.9 

2.0 

Second-feet. 
1,330 
1,525 
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[no.  84. 


Estimated  viunthly  discharge  of  the  Niobrara  River  at  Valentine,,  Nehr. 

[Drainage  area,  6sU70  square  miles.] 


Discharge  in  second-feet. 


Month. 


Maximum. 


Minimnm. 


190?.. 

March,  23  days 

April 

May ' 

June -.1 

Jnly j 

August j 

September ' 

October 

November 


1,155 

700 

1,240 

615 

1,740 

580 

4,260 

580 

865 

525 

865 

550 

805 

655 

930 

700 

Mean. 


1,169 
896 
802 
740 
805 
653 
649 
745 
807 


Total  in 
acre-feet. 


51,011 
53, 310 
49, 305 
44,030 
49,490 
40,145 
38,614 
45,805 
48, 015 


Ran-off. 


Second-feet 

per  square 

mile. 


0.19 
.15 
.13 
.12 
.13 
.11 
.11 
.12 
.13 


Depth  in 
inches. 


0.16 
17 
15 
13 
15 
13 
12 
14 
15 


CLEAR  CREEK   AT  BUFFALO,    WYO. 

This  station  was  established  October  24,  1902,  l)y  Jeremiah  Ahern. 
It  is  located  at  the  highway  bridge  in  the  town  of  Buffalo,  Johnson 
County,  Wyo.  The  gage  is  a  plain  staff  graduated  to  feet  and  tenths, 
spiked  to  the  pier  at  the  northwest  end  of  the  bridge.  The  initial 
point  for  sounding  is  on  the  left  bank.  Measureinent.s  are  made  from 
the  bridge.  The  channel  is  straight  both  abov^o  and  below  the  sta- 
tion. Both  banks  are  high  and  rocky.  The  bed  of  the  stream  is  also 
rocky.  The  gage  is  read  daily  by  P.  A.  Gatchell.  The  bench  mark 
is  U.  S.  G.  S.  B.  M.  at  the  court-house,  marked  '*SHER  4635."  Ele- 
vation 4,635.033  feet.  The  elevation  of  the  gage  as  determined  from 
this  bench  mark  is  4,605.766  feet. 


Daily  gage  height,  in  feet,  of  Clear  Creek  at  Buffalo^  Wyo. 


1 
2 
3 

4 
5 
« 

i 

8 


Day. 


1902. 


Nov. I  Dec. 


I 


0.90 
.90 
.80 
.80 
.80 
.80 
.90 
.90 


Day. 


1902. 


9. 
10. 
Il- 
ia. 
13. 
14. 
15. 
16. 


Nov.  Dec. 


Day. 


1902. 


1.00  I  17. 

.80  i|  18. 

80  I  19. 

90  120. 

90  I  21. 

90  '22. 

1.10  I  23. 

0.65  1.60  24. 


Nov. 


0.70 
.68 
.70 
.80 
.70 
.70 
.70 
.80 


X^GOa 


1.00 
1.00 
.90 
.85 
.90 
.85 
.85 
.85 


Day. 

Nov. 

1902. 

1 

25 

..    CIS 

a* 

.1     .90 

27 

..    1.00 

28 

..    1.00 

2:? 

...  1.20 

3' 

'  1.00 

31 

Doc. 


0.80 
.80 
.73 
.90 

i.ao 

1.50 


XKWKLL.] 
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PINEY  CREEK   AT  KEARNEY,  WYO. 

This  station  was  established  September  6,  1902,  by  Jeremiah  Ahem. 
It  is  located  at  the  highway  bridge  at  Kearney,  Johnson  County,  Wyo., 
which  is  on  the  stage  route  between  Sheridan  and  Buffalo,  24  miles 
from  Sheridan.  The  gage  is  a  vertical  staff  graduated  to  feet  and 
ti^nths  and  spiked  to  the  abutment  of  the  bridge.  It  is  read  daily  by 
R.  D.  Noyce.  The  initial  point  for  sounding  is  on  the  right  bank. 
Discharge  measurements  are  taken  from  the  bridge.  The  channel  is 
straight  for  600  feet  above  and  200  feet  below  the  station.  The  left 
bank  is  high,  and  liable  to  overflow  at  extreme  high  water.  The  right 
bank  is  high  and  does  not  overflow.  The  bed  of  the  stream  is  gravel. 
The  bench  mark  is  the  U.  S.  G.  S.  bench  mark  at  Geier's  Ranch, 
about  600  feet  from  the  gage.  It  is  marked  "  SHER  4662."  Eleva- 
tion. 4,661.767  feet.  The  elevation  of  the  zero  of  the  gage  as  referred 
to  tliis  bench  mark  is  4,645.963  feet. 

The  following  discharge  measurement  was  made  in  1902,  by  J. 
Ahern. 

September  6:  Gage  height,  1.41  feet;  discharge,  21  second-feet. 
Daily  gage  height,  in  feet,  of  Piney  Creek  at  Kearney,  Wyo. 


Day. 


1902. 


1 
2 

3 

4 
5 
6 

8 


Oct. 


1.47 
1.4S 
1.43 
1.42 
1.41 
1.41 
1.40 
1.42 


Day.        Sept. 


Ifi02. 

9 

10 

11 

12 

13 

14 

15 

16 


1.43 
1.43 
1.43 
1.43 
1.43 
1.43 
1.43 
1.48 


1.41 
1.40 
1.41 
1.40 


18(12. 


17. 
18. 
19. 
20. 


1.40 
1.40 
1.40 


1.89      21 


22- 
24. 


1.48 
1.49 
1.48 
1.47 
1.48 
1.46 
1.45 
1.43 


Oct. 


1.39 
1.39 
1.38 
1.C9 
1.%) 
1.40 

1.46 


Day. 

Sept. 

Oct. 

'       1902. 

'   25 

1.42  1    1.44 

23 

1.47 

!  27... 

1.60 

28 

1.43 

21 

1.50 

30 

1.40 

SHOSHONE   RIVER  AT  CODY,  WYO. 


This  station  was  established  April  2G,  1902,  by  A.  J.  Parshall.  It 
is  located  at  the  wagon  bridge  1  mile  northwest  of  Cody,  Wyo.  The 
gSLge  is  a  plain  staff  graduated  to  one- half  tenths  and  is  fastened  to 
the  bridge,  from  which  discharge  measurements  are  made.  The  ini- 
tial point  for  sounding  is  on  the  left  bank.  The  channel  is  straight 
both  above  and  below  the  station.  The  current  is  swift.  The  right 
bank:  is  low  and  subject  to  overflow.  The  left  bank  is  high  and  does 
not  overflow.  The  bed  of  the  stream  is  gravel  and  rock.  The  bench 
mark  is  a  bolt  in  the  bridge  sleeper  1.15  feet  above  the  12-foot  mark 
on  the  gage.  It  is  indicated  by  a  cross.  The  observer  is  W.  J.  Kis- 
sick,  who  reads  the  gage  twice  daily. 
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During  1902  the  following  discharge  measurements  were  made  by 
A.  J.  Parshall: 

April  26:  Gage  height,  2.40  feet;  discharge,  538  second-feet. 
Jnne  7:  Gage  height,  4.80  feet;  discharge,  4,352  second-feet. 
July  17:  QtLge  height,  4.10  feet;  discharge,  2,812  second-feet. 
Jnly  31:  Gage  height,  8.65  feet;  discharge,  2,039  second-feet. 
December  8:  Gage  height,  2.00  feet;  discharge,  270  second-feet. 

Daily  gage  lieight,  in  feet,  of  Shoftlwfie  River  at  Cody,  H'yo. 


Day. 


ig08. 


2 

3 

4 

5 

6 

7 

8 

0 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 

28 

24 

25 

26 

27 

28 

29 

80 

31 


May. 

June. 

July. 

1  Augr. 

'  Sept. 

cVt. 

2.75 

5.50 

4.15 

1 

4.00 

1 

2.SO 

2..W 

3.00 

5.00 

4.45 

1      4.00 

2.50 

2.60 

2.65 

4.60 

4.66 

4.00 

2.60 

2.50 

2.60 

4.60 

4.45 

3.45 

2.50 

2..% 

2.50 

5.00 

4.00 

3.40 

2.i» 

2.J0 

2.60 

5.a) 

4.05 

3.60 

2.50 

2.50 

3.00 

4.80 

4.00 

3.45 

2.50 

2.50 

3.65 

5.00 

4.00 

3.60 

2.50 

2.50 

4.00 

6.  a) 

4.00 

3.60 

2.60 

2.50 

4.20 

6.00 

4.05 

3.15 

2.50 

2.60 

4.40 

6.60 

4.20 

8.00 

2.50 

2.50 

4.15 

6.80 

4.50 

3.00 

2  50 

2..«50 

4.80 

6.80 

4.60 

.3.  (JO 

2.50  ' 

2.50 

4.50 

6.00 

4.45 

3.00 

2.50  ' 

2.  a) 

4.90 

5.40 

4.45 

3.00 

2.dQ 

2,a) 

4.60 

5.00 

4.25 

3.00 

2.60 

2.  SO 

4.35 

5.00 

4.25 

3.00 

2.60 

2.50 

4.40 

5.00 

4.25 

8.00 

2.60 

2.50 

4.10 

4.70 

4.35 

8.00 

2.60 

2.50 

3.65 

4.50 

4.00 

8.00 

2.60 

2.50 

3.60 

5.00 

4.00 

8.00 

2.60 

2.60 

3.50 

4.90 

4.10 

8.00 

2.60 

2.60 

3.50 

5.26 

4.10 

8.00 

2.50 

2.50 

3.60 

5.25 

4.00 

8.00 

2.50 

2.50 

3.50 

5.25 

4.00 

3.00 

2.50 

2.50 

3.90 

5.25 

4.00 

3.00 

2.50 

2.51) 

4.75 

5.00 

4.00 

8.00 

2.60 

2.50 

5.25 

4.85 

4.10 

8.00 

2.50 

2.9) 

6.25 

4.50 

4.20 

8.00 

2.60 

2.50 

6.50 

4.60 

4.00 

3.00 

2..^ 

2.50 

5.75 

4.00 

2.50 

2.50 

N'KWBLL..] 
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Rating  table  for  Shoshone.  River  at  Cody,  Wyo,,for  1902, 


heigrht. 


FVet. 
1.5 

1.6 

1.7 

1.8 

1.9 

2.0 

2.1 
o  o 

o  4 

*>         ^ 


2.6 


o  7 


Diflrhar^e. 
]  Serond-feet . 

1         ^ 

70 
110 
160 
210 
270 
335 
400 
470 
540 
615 
690 
770 


Gage 

Diachargre. 

Feet. 

Secfmd-feet. 

2.8 

860 

2.9 

960  i 

3.0 

1,070 

3.1 

1,190 

8.2 

1,320 

3.3 

1.460 

3.4 

1,610 

Gaffe 
heiffht. 


3. 5 
3.6 
3.7 
3.8 
3.9 
4.0 


1,770 
1,940 
2,120 
2,310 
2,510 
2,715 


Feet. 
4.1 

4.2 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 
4.9 
5.0 
5.1 
5.2 
5. 3 


Disnharffe. 

I 

I  Second-feet. 
2,920 

3, 125 

3,330 

3, 535 

3, 740 

3, 945 

4,150 

4, 355 

4,560 

4, 765 

4,970 

5, 175 

5, 380 


Gage 
heiffht. 


1 


Discharge. 


Feet. 
5.4 

5. 5 

5.6 


5.7 


5.8 
5.9 
6.0 
6.1 
6.2 
6.3 
6.4 
6.5 


Second-feet. 
5, 585 

5, 790 

5,995 

6,200 

6, 405 

6,610 

6,815 

7,020 

7, 225 

7, 430 

7, 635 

7,840 


Estimated  monthly  discharge  of  Shoshone  River  at  Cody,  Wyo. 


Month. 


Discharge  in  second -feet. 

Mlnimmn.      Mean. 


1902. 
May  -_ 

Jnne 

Jnly -  -  - 

August  .  - -    - 

Septeinl)er _ 

October - . 


Maximum. 

6,300 
8,045 
4,045 
2,715 
615 
615 


Total  in  acre- 
feet. 


615 
3,740 
2, 715 
615 
615 
615 


2, 752 
5,246 
2, 755 
1,346 
615 
615 


168, 904 

311,632 

169,112 

82, 762 

37, 749 

37, 749 


BIGHORN  RIVER  NEAR  THERMOPOLIS,    WYO. 

This  station,  which  was  established  by  A.  J.  Parshall  on  May  28, 
1900,  was  located  about  a  half  mile  northeast  of  Thermopolis,  at  the 
ferry  crossing  the  river.  The  gage,  which  consists  of  a  horizontal  rod 
extending  out  over  the  water,  is  fastened  to  a  post  set  firmly  in  the 
bank.  On  the  horizontal  stick  is  attached  the  wire  gage  by  means  of 
which  the  heights  of  the  river  are  recorded.  The  bench  mark  w^as  the 
head  of  a  nail  in  a  stick  driven  in  the  ground  1  foot  south  of  the  post 
to  which  the  gage  rod  is  fastened  and  2.58  feet  below  the  top  of  the 
i^H^o  frame.  The  bench  mark  has  been  destroyed.  A  new  gage,  wiiose 
relative  heights  are  the  same  as  those  of  the  gage  of  1901,  was  painted 
on  a  pier  on  the  right  bank  in  1903.     This  gage  is  reached  only  by  the 
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[no.  ftL 


water  when  it  is  at  a  height  of  3  feet  above  datum.  It  will  eunble 
the  observer  to  read  heights  of  high  water  more  accurately  than  caD 
be  done  upon  the  gage  rod  which  is  in  the  (tenter  of  the  stream  and  is 
exposed  to  the  force  of  the  current,  causing  a  rise  and  fall  of  several 
inches  on  the  rod.  Discharge  measurements  were  first  made  from 
a  ferryboat,  but,  beginning  with  1902,  they  have  been  made  from  the 
bridge  which  was  recentl}'^  erected.  The  channel  is  straight  above  and 
below  the  station.  Both  banks  are  high  and  not  subject  to  overflow. 
The  bed  of  the  stream  is  of  gravel  and  shifts  during  extreme  high 
water.  In  1901  a  gage  was  painted  upon  one  of  the  lower  piers  of  the 
new  State  bridge  over  the  river,  400  or  500  feet  upstream  from  the 
former  station.  The  relative  heights  on  the  rod  remained  as  before, 
the  same  bench  mark  being  used.  During  1902  the  following  discharge 
measurements  were  made  by  A.  J.  Parshall: 

June  11:  Gage  height.  4.70  feet;  discharge,  9,080  second-feet. 
June  14:  Gage  height,  4.40  feet;  discharge,  8,391  second-feet. 
June  16:  Gage  height,  3.60  feet;  discharge,  6,334  second-feet. 

Daily  gage  height,  infect,  of  Bighorn  River  near  Thermopolis,  Wyo. 


Day. 

June. 

July. 

Aujf. 

Sept. 

1 

Day. 
1902. 

1 

'  June. 

I 

1 
1 

July. 

Aug. 

1 

Sept. 

lflU2. 

1 

2.40 

2.80 

2.70 

0.90 

17 

.!      3,40 

1.50 

2.10 

0.™ 

2 

2.00 

2.80 

2.60 

.80  i 

18 

.'      3.40 

1.50 

2.10 

.ao 

3 

2.70 

2.70 

2.60 

.80 

19 

.!      3.30 

1.50 

2.00 

.60 

4 

2.70 

2.60 

2.60 

.80  1 

20 

2.90 

1.40 

1.90 

.60 

6 

2.60 

2.60 

2.50 

.70  1 

21 

.       2.40 

1.40 

1.80 

.Si 

6 

2.40 
3.40 
3.70 

2.30 
2.10 
2.00 

2.50 
2.40 
2.30 

.70  1 
.00 

.60  1 

28 

.;      2.50 
.       2.40 
.       2.30 

1.40 
1.90 
1.30 

1-7T0 
1.00  1 
1.60 

.r^ 

7 

23 

24 

50 

8.' 

I.tXi 

9 - 

4.20 

2.00 

2.30 

.90  1 

25 

2.20 

1.40 

1..%  < 

1.00 

10 

4.20 
4.70 
5.00 
4.60 

1.90 
1.80 
1.80 
1.70 

2.20 
2.20 
2.30 
2.30 

1.00  1 
1.20  1 
1.00  1 

.90  ] 

26 

27 

28.. 

29 

2.30 

2.20 

.1      2.10 

.!      2.30 

2.50 
3.00  , 
3.00  1 
3.00  ' 

1.40 
1.20  \ 
1.10 
1.00  > 

ftl 

n 

90 

12 

HD 

13 :. 

.60 

14 

4.40 

1.70 

2.20 

.80  1 

30 

.1      2.40 

2.90 

■  90  1 

Hi 

15 

4.a) 

3.60 

1.60 
1.50 

2.10 
2.10 

.80 
.70 

31 

2.80 

.90 

1 

16 

YELLOWSTONE   RIVER  NEAR  LIVINGSTON,    MONT. 

The  gaging  station  is  located  at  the  hipfhway  bridge  over  the  Yel- 
lowstone River,  5  miles  south  of  Livingston,  Mont.,  at  the  mouth  of 
the  canyon.  It  was  established  May  2,  1897,  a  vertical  rod  fastened 
to  the  face  of  the  pier  being  first  .used.  A  wire  gage  was  afterwards 
established.  Length  of  cable  18.30  feet;  pulley  distance,  0.58  foot. 
The  bench  mark  is  the  head  of  the  2- inch  nut  on  the  center  pin  at  the 
foot  of  the  end  diagonal  of  the  truss,  east  pier,  upper  side,  and  is 
13.44  feet  above  datum. 
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A  new  bench  mark  was  determined  in  1890.  It  was  tlie  top  of  the 
end  plate  of  the  bridge  at  the  upper  side  of  the  east  end,  at  an  eleva- 
tion of  14.20  feet  above  zero  of  gage.  On  January  1,  1903,  the  gage 
(and  the  datum)  were  lowered  3.00  feet,  making  all  subsequent  readings 
3  feet  ^^reater.  The  elevation  of  bench  mark  also  reads  17.20  feet, 
instead  of  14.20  feet.  The  slope  of  the  water  surface  at  the  gaging 
station  was  found  to  be  0.146  feet  in  200  feet  on  August  29, 1899.  The 
left  bank  is  high  and  will  not  overflow.  The  right  bank  is  low,  and 
during  floods  a  part  of  the  water  escapes  through  a  slough  on  that 
side,  and  has  to  be  measured  separately.  The  observer  is  Thomas  S. 
Carter,  rancher. 

During  1902  the  following  discharge  measurements  were  made  by 

H.  B.  Waters: 

May  1:  Gage  height,  —0.83  foot;  discharge,  1,604  second-feet. 
July  16:  Gage  height,  2.90  feet;  discharge,  8,859  second-feet. 
August  23:  Gage  height.  0.23  foot;  discharge,  3,081  second-feet. 

JOfiily  gage  lieight^  in  feet,  of  Yelloicstmie  River  near  Livingston y  Mont, 


Day. 

1 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

De<'. 

1902. 

1 

1 

-1.80 

c^) 

-1.20 

-1.20 

-0.75 

6.15 

3.50 

1.62 

-0.05 

-0.65 

-1.05 

1.30 

2 

-1.30 

(") 

-1.16 

-1.15 

-  .80 

4.20 

3.50 

1.42 

-  .10 

-   .70 

1.05 

-1.30 

3 

-1.00 

-i.eo 

-1.20 

-1.16 

-  .80 

3.70 

3.77 

1.32 

-   .10 

-  .70 

-1.10 

1.40 

4 

-  .90 

-l.oO 

-1.20 

-1,15 

-  .HO 

3.80 

3.57 

1.20 

-   .16 

.70 

-1.10 

-1.40 

5 

-!.(» 

-1.40 

-1.25 

-1.16 

-  .75 

3.90 

3.50 

1. 15 

-  .20 

-   .75 

-1.25 

-1.30 

6          

-1.10 
-1.00 
-1.00 

-1.40 

-1.40 

-1.40 

-1.20 

-1.20 

-1.20 

-1.10 

-1.10 

- 1. 10 

-  .76 

-  .45 
-  .16 

3.90 
3.90 
4.25 

3.30 
3.20 
3.05 

1.05 

1.00 

.95 

-  .20 
-  .25 

-  .25 

-  .75 

-  .75 
-  .80 

-1.30 
-1.20 
-1.05 

-1.40 

1                    .. 

(") 

8- 

-1.60 

9 

-l.W 

(") 

-1.2i 

-1. 15 

.75 

6.20 

•2.93 

.90 

-  .30 

-  .80 

1.05 

-i.;« 

10 

-l.(X) 
1.10 

-1.20 
-1.10 

-1.20 
1.20 

-1.15 
-1.12 

1.38 
1.73 

5.90 
6.05 

2.90 
2.90 

.85 
.80 

-  .;io 

-  .811 

-  .80 

1.05 
-1.00 

-1.:*) 

11 

1.40 

12- 

C) 

-1.10 

1.20 

1.12 

1.98 

6.80 

2.97 

.80 

-    .40 

.80 

1.00 

-1.40 

13 

-1.30 

-1.10 

-1.20 

-1.15 

2.70 

6.50 

3.00 

.80 

-   .46 

-  .a-i 

1.00 

-1.30 

14        

-i.a) 

-1.20 

-i.a) 

-1.20 

1.20 

-1.00 

-i.3r) 

1.25 
-1.20 

1.15 
-1.15 
-  1. 10 

3.03 
3.28 

5.86 
4.65 

4.:« 

3.00 
2.90 

2.8t> 

.75 
.75 
.70 

-  .45 

-  .50 
.50 

-  .8"» 

-  .85 

-  .90 

1.00 
-1.05 
-1.10 

(") 

15        

1.60 

16 

-1.70 

17... 

-1.30 

-  .90 

-1.20 

-1.06 

3.J{5 

4.07 

2.77 

.70 

-    .50 

—  .90 

1.10 

1.60 

18 

-1.10 

-l.(X) 

-1.20 

-   .95 

2.88 

4.00 

2.62 

.70 

.5<» 

.iW 

-1.10 

-  1.60 

19      

-1.15 
-1.20 

-1.00 
-1.20 

-1.20 
-1.20 

-  .80 
.35 

2.43 
1.93 

3.67 

2,45 
2.35 

.65 

.60 

-     ..'iO 
.56 

-  .95 

-  .95 

-1.15 
-1.15 

-1.50 

20 

-1.40 

21 

-1.30 

-1.20 

-1.2t) 

-  .00 

1.78 

3.77 

2.30 

.50 

-    56 

-  .95 

-1.25 

-1.40 

22 

-1.20 
-1.30 

-1.20 
-1.20 

-1.20 
-1.20 

-  .90 
-  .00 

1.50 
1.43 

3.90 
4.05 

2.28 
2.20 

.40 
.35 

-  .60 

-  .60 

-   .95 
-1.00 

-1.36 
-1.30 

-1.40 

28 

-1.30 

24 

(«) 
(«) 
(«) 
(«) 

-1.20 
-1.20 
-1.20 
-1.20 
-1.20 

-1.20 
-1.20 
-1.15 
-1.16 
-1.20 
-1.36 

-  .70 

-  .«0 

-  .90 

-  .90 

-  .90 

-  .85 

1.56 
2.13 
2.68 
8.58 
'    4.25 
4.. 55 

4.13 
4.00 
4.03 
3.85 
3.90 
3.56 

2.15 
2.10 
2.(tt 
1.U2 
1.80 
1.75 

.30 

.20 
.15 
.10 

.(r> 

-  .60 

-  .60 

-  .65 
.66 
.65 

-  .65 

-1.00 
-1.00 
-LOO 
-1.00 
1.00 
1.00 

-1.25 
-1.20 
-1.30 

-l.:« 

1.35 

-1.40 

j86          

-1.2() 

as       

-1.10 

27      

~\.m 

28      

(«) 

29 

-  1.50 

30      

11-1.00 

1 

-  • . .  •  • « 

-1.35 
-l.JJJ 

-  .80 

6. 10 
.'..40 

3.60 

1.70 
1.62 

.00 

.00 

1 

.66 

-1.00 

-Lift 

1 

1.45 

-l.-W 

31 

-  1.50 

<(  River  freshen  at  gage. 
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f  NO.  Rt 


Ratiiig  table  for  Yellowittone  River  near  Livingston^  Mont. ^  for  llKtS. 


Gage 
height. 

Veet. 

Discharge. 
Second-feet. 

1 

Oasre 
height. 

1 
Diacharge. 

Second-feet. < 

Gasre 
height. 

II 

Discharge. 

! 

1 
Second-feet.. 

Gage 
height. 

1 
DiHcharge. 

:          1 

Feet. 

Feet. 

Feet. 

^^  Sect»Hd-/eet.' 

-1.6 

1,000 

0.4 

3,445  i 

2.4 

7,375   1 

4.4 

11,350      ' 

-1.4 

1,185 

1           .6 

3,840 

2.6 

7,765   ; 

4.6 

.     11,750 

-1.2 

1,280 

.8 

!    1.0 

4,225 

2.8 

8, 155 

4.8 

,     12, 15<>     ' 

1.0 

1,440 

4,620 

3.0 

8, 545 

5.0 

12,  .5.->0 

1 

-  .8 

1,640 

1.2 

5.010 

3.2 

8,950   , 

5.2 

12,  aio 

-  .6 

1,825 

1.4 

5, 395 

3.4 

9,350 

5.4 

13,  :«o    ■ 

1                                  1 

.4 

2,070 

1.6 

5,790 

3.6 

9,750  ,' 

5.6 

13,750     . 

-  .2 

2, 350 

'        1.8 

6, 195 

3.8 

10,150  . 

5.8 

,     14, 150     . 

.0 

2,680 

1        2.0 

6.590 

4.0 

10.550    1 

6.0 

14,550 

.2 

1 

3, 050 

2.2 

6,985 

1 

4.  0 

10,9,50   1 

1 

6.2 

14,  a'k)     j 

1 

Estimated  monthly  discharge  of  Yellowstone  Riv*er  near  Livingston,  3/6 1?/. 

[Drainage  area,  3,580  square  miles.] 


Month. 


Discharge  in  second-feet. 


Rnn-oflT. 


1902. 

January 

February 

March - . . 

April 

May 

June 

July 

Angnst 

September 

October 

November. 

December 

The  year . 


Maximum.  I  Minimum. 


1. 

1, 

1, 

2, 

13, 

14, 

10, 

5, 

2, 

1, 

1, 

1, 


550 
550 
317 
137 
350 
650 
050 
590 
592 
770 
440 
355 


14.650 


Mean 


1,000 

1,242 

1,000 

1,254 

1,170 

1,268 

1,280 

1,479 

1,640 

6, 392 

9, 650 

11,230 

5,790 

7,899 

2,680 

3, 974 

1,770 

2,053 

1,397 

1,564 

1,135 

1,309 

960 

1,129 

Total  in 
a<'re-feet. 


76, 368 

69,644 

77,966 

88, 007 

393. 029 

668, 231 

485, 691 

244, 352 

122, 162 

96, 167 

77,891 

69, 420 


960       3, 402  ,  2, 468, 928 


Second-feet, 
per  square 
mile. 


Depth  in 
incheeii- 


0.35 
.35 


.41 
1.79 
3.14 
2.21 
1.11 


.'it 


.44 
.37 
.32 


.95 


0.40 

.3t» 

.40 

.46 

2.06 

3. 50 

2.  ,V) 

1.28 

.64 

.51 

.41 

.37 


12.94 


MILK   RIVER  AT  MALTA,  MONT. 

This  station  was  established  July  31,  1902,  by  V.  T.  Prall.  It  is 
located  at  the  highway  bridge  on  the  main  road  one-fonrtli  mile 
east  of  Malta,  Mont.  The  gage  is  of  the  usual  wire  type,  with 
the  scaleboard  graduated  to  feet  and  tentlis  and  nailed  to  the  lower 
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side  of  the  bridge.  The  length  of  the  gage  wire  from  the  pointer 
to  the  end  of  the  weight  is  28.7  feet.  The  distance  from  the  zero 
on  the  rod  to  the  outside  edge  of  the  pulley  is  0.5  of  a  foot.  The 
gage  is  read  twice  daily  by  H.  Caselberg.  The  initial  point  for 
sounding  is  on  the  right  bank.  The  channel  is  straight  for  700  feet 
above  the  station  and  250  feet  below  the  station.  The  banks  are  not 
liable  to  overflow.  The  bed  of  the  stream  is  rocky  and  sandy.  The 
bench  mark  is  a  20-penny  wire  nail  driven  just  below  the  gage  rod 
at  a  gage  reading  of  5  feet. 

Discharge  measurements  of  Milk  River  at  Malta,  Mont. 


Date. 


1902. 

Jxily  31   

Ang^nst  21 

September  10 

September  25. . . . 

October6 

Octoberll 

October  17 

Ck;tober24 

October  31  

November  7 


Hydrographer. 


Oaffe 
beight. 


Discharge. 


C.T.Prall 

do 

do 

F.E.Weymouth.. - 
John  T.  Whistler  . . 
F.  E.  Weymouth.  _ . 

Cyrus  C.  Babb 

John  T.  Whistler  . . 
George  Drummond 
John  T.  Whistler  . . 


Feet. 

2.50 
1.80 
1.40 
1.50 

\,m 

1.65 
1.67 
1.60 
1.70 
1.70 


Second-feet. 
525 
259 
166 
165 
271 
198 
174 
171 
257 
210 


Daily  gage  height,  in  feet,  of  Milk  River  at  Malta,  Mont, 


4. 
5 

6. 


». 
10. 
11. 
12. 
13. 
14. 
15. 
16. 


Day. 


\«&. 


Aug. 


2.30 
2.40 

2.ao 

2.20 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
1.95 

i.go 

1.90 
1.90 
1.90 
1.70 


Sept. 

Oct. 

Nov. 

Day. 

Aug. 

Sept. 

Oct. 

Nov. 

1.80 

1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.80 
1.80 
1.00 
l.flO 
l.flO 
l.flO 
1.60 

i.eo 

1.60 

1.60 

1.60 

1.60 

1.60  , 

1.60 

1.70 

1 



1902. 
17 

1.70 
1.80 
1.80 
1.70 
1.70 
1.80 
1.70 
1.80 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 

1.30 
1.30 
1.30 
1.30 
1.30 
1.30 

1.:*) 

1.30 
1.30 
1.40 
1.40 
1.30 
1.30 
1.40 

1.60 

1.70 

18 

1.60   

1.70 

19 

1 
1.60   

1.70 

20 

1.60 

1.-70 

21 

1.60 
1.60 
1.60 
1.60 

1.70 

22 

1.70 

23 

1.80 

24 

l.ijO 

26 

1.60 

l.fiO 
1.50 

26 

27 

1.60 
1.60 

1.40 

28 

1.60 

1.90 

29 

1.60   

1.30 
1.30 

30 

31 

1.60   

1.60   

1.30 
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[n<k»*4. 


Rating  tid>le  for  Milk  Rix^er  at  Malta,  Mont,  ^  for  VM}2, 


Gago 
height. 

Di«charge. 

1 

Sentiul-feet.^ 

Gage 
hoight. 

Feet. 

1  Diac^hargo. 
Seco7ttl-feet. 

Gage 
height. 

Feet. 

'  Dim^harge. 
Si'diud-feet. 

Ga«e 
height. 

1 

Diwharge. ' 

t 

Feet. 

Feet. 

,  Sfifitui-fert 

0.6 

32 

2.4 

485  , 

4.3 

!        1,187  i 

1         6.0 

1.8S9 

0.8 

47  1 

2.6 

563 

1                                      1 

4.4 

1,265 

'         6.2 

1 

1.967 

1.0 

68 

2.8 

641  • 

4.6 

1,343 

,         6.4 

2.045 

1.2 

98  [ 

3.0 

,            719 

4.8 

1,421 

6.6 

2,123 

1.4 

127  ' 

3.2 

797 

5.0 

1,499 

6.8 

2,  201 

l.G 

173  ; 

3.4 

875 

5.2 

1,577 

7.0 

2. 279 

1.8 

251 

3.6 

953 

5.4 

1,655  [ 

2.0 

329  1 

3.8 

1,031 

5.6 

1,733  1 

1 

2.2 

407 

1 

4.0 

1.109 

5.8 

1,811 

Estimated  monthly  discharge  of  Milk  River  at  Malta,  Mont. 

[Drainage  aroa,  (1,744  Rquare  milos.] 


Diwharge  in  Rwond-feet.         ] 

1 

'              Run-off. 

1 

Month. 

Maximum. 

1 

Minimum,  i 

t 

1 

1 
Mean.    | 

Total  in 
arre-fe«*t. 

Second-feet  rv^^-.*,  j„ 
per  aquar«    H^tL 

1 

1902. 

1 

1 

1 

! 

' 

August 

485 

212 

294 

18, 056 

0. 04            0. 05 

September  .    ...   . . 

251 

109 

143 

8, 509 

.  02              .  02 

October _ . 

251 

173  , 

189 

11,620 

.  03              .  (« 

November  1  to  8   .   . 

. 1 

178 

2,822 

.  03              .  01 

1 

■ 

MILK   RIVER  AT  HAVRE,  MONT. 

The  present  station  is  located  at  Havre,  Mont.,  and  was  established 
by  Cyrus  C  Babb,  May  15,  1808.  Measurements  of  discharge  are 
nifule  from  a  car  and  cable  of  200-foot  span  swung  across  the  river  a 
short  distance  above  the  gaj^e.  The  river  is  subject  to  violent  floods 
of  short  duration,  and  the  bed  of  the  river  being  composed  of  gravels 
and  clay  is  liable  to  change  after  each  freshet. 
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Discharge  Jtiewf urenients  of  Milk  River  at  Havre,  Mont. 


Date. 


Hy  drographer . 


J.  S.  Baker 
L.  H.  Ling. 

...do 

...do  

....do  

....do  

...do  

....do 


1902. 

April  11 

April  19 

Mav  19.    _.   

May  22 ...    

May  23. 

Mav  24 

Mav  27 _--    .   . 

July  10.. 

Jnlv31 -.! do  . 

August  8_ do  - 

August  26 do  . 

August  30 - -.    -do. 

September  11.^ . .  . .  . do  . 

September  1 7. . do  . 

September  23_    do  . 

September  30.    ' do. 

October  0 ' do  . 

October  16 .' do  . 


October  29.- 
November  4 


do  -... 

L.  V.  Branch  .  _ . 


hoX.     Di8c-harg«. 


Feet. 

3.50 
3.10 
4.00 
4.90 
7.35 
8.88 
6.60 
7.00 

4.  ro 

4.10 
4.20 
3.90 
3.60 
3.80 
3.90 
4.00 
3.90 
3.90 
3.90 

.  i  < 


Second-feet. 

249 

214 

362 

1,013 

3, 363 

5,179 

2,503 

2, 341 

573 

387 

427 

269 

193 

240 

226 

229 

206 

208 

206 

205 
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STREAM   MEASUREMENTS   IN    1902,   PART   III. 
Daily  gage  height^  in  feet,  of  Milk  River  at  Havre,  Mont. 


[no.  m. 


Day. 


Jan. 


Feb. 


1908. 
1 

2 

> 

3 

4 

(«) 

5 

'' 

6 i i 

7 

8 '...._;..... 

9 

a8.00 

10 

11 

1 
12 1 

18 ' , 

14 1 J 

15 

(«) 

16 

17    

18 

19 

a3.00 

3.80 

20 

3.00 

21 1 

3.30 

22 1 

3.80 

23 ' 

3.10 

24 

3.10 

» 

28 

a3.0f> 

3.10 
3.10 

27 ' 

3.40 

28 

3.40 

29         ' 

Hi 

08.00 

31 

Mar. 


4.20 
4.20 
4.20 
4.00 
3.90 
3.40 
3.20 
3.20 
3.20 
3.00 
4.30 
4.00 
3.40 
3.20 
3.20 
3.20 

s.m 

3.20 
3.20 
3.20 
3.20 
3.2[) 
3.20 
3.40 
3.  .50 

3.ao 

3.  Of) 
3.50 
3.20 
2.90 
2.90 


Apr. 


2.80 
2.80 
2.80 
3.60 
3.60 
3.40 
8.10 
8.10 
3.10 
8.10 
3.60 
8.70 
8.70 
3.00 
8.60 
3.50 
3.30 
3.20 
a  10 
3.00 
2.90 
2.90 
3.00 
3.00 
3.00 
3.00 
2.90 
2.90 
2.90 
3.00 


May. 


3.10 
8.20 
8.20 
8.10 
3.10 
3.00 
8.00 
3.00 
3.10 
3.10 
8.20 
3.20 
8.20 
3.20 
3.20 
3.30 
3.40 
4.00 
4.00 
4.10 
4.10 
6.10 
7.80 
10.60 
11.00 
7.30 
6.00 
5.00 
6.00 
4.50 
4.50 


June. 


July. 


4.30 
4.30 
6.40 
7.40 
8.40 
8.00 
8.00 
6.00 
5.50 
5.40 
5.20 
5.00 
5.00 
4.90 
4.80 
5.20 
5.20 
5.20 
5.20 
5.20 
5.20 
5.20 
5.10 
5.10 
5.00 
4.90 
4.80 
4.80 
4.60 
4.00 


4.00 
4.00 
5.00 
6.50 
7.50 
8.00 
12.10 
10.50 
8.00 
7.00 
6.40 
6.00 
6.20 
6.20 
6.00 
6.00 
5.50 
5.20 
5.00 
6.20 
5.20 
5.00 
5.20 
5.20 
5.20  I 
5.00  I 
4.90  I 
4.90  \ 

4.80 ; 

4.70  I 
4.70  I 


Aug.    Sept 


4.70 
4.00 
4.30 
4.20 
4.20 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
3.90 
.3.90 
4.00 
4.20 
4.10 
4.00 
4.00 
8.90 
3.90 


3.90 
3.90 
3.90 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.60 
3.00 
3.00 
3.00 
3,00 
3.00 
3.80 
3.80 
8.70 
3.00 
3.60 
3.00 
8.80 
3.90 
3.90 
4.00 
4.00 
8.90 
3,90 
3.90 
4.00 


Oct.   ,  Nov.     Dw 


4.  a) 
3.90 
3.90 
3.90 
3.90 
3.90 
&90 
3.90 
3.W 
3.80 
3.80 
3.90 
8.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
a90 
3.90 
3.90 
3.90 
3.90 
3.00 
3.00 

3.flr) 

3.90 
3.90 
3,90 
3.9(» 


3.90 
4.0f> 
4.00 
3.80 
3.W 
3.80 
3.  Hi) 


irt 


,.»i 


(«) 


i'J, 


(a) 


(<f  I 


(«» 


,rr 


t«» 


a  Frozen  at  gage. 

Rating  table  for  Milk  River  at  Havre,  Mont.,  for  J!hjj, 
FROM  JANUARY  1  TO  MAY  22. 


Gage 
height. 

1 

Discharge.  , 

1 

Second-feet., 

Gage 
height. 

Discharge. 
Second-feet. 

1 

1     Gage 
,  height. 

Feet. 

1 
Discharge,  ' 

Gage 
height. 

Feet. 

Diachari^^. 

,     Feet. 

Feet. 

Second-feet. 

Scctrnfi-ftft 

i          2.6 

145;; 

5.0 

989 

;    7.4 

3,442 

9.8 

6, 259 

'        2.8 

161  il 

5.2 

1,178 

7.6 

3,677   1 

10.0 

6,4U4 

3.0 

180 ; 

5.4 

1,368 

7.8 

3,912 

10.2 

6,729 

3.2 

200 

5.6 

1,557 

8.0 

4, 147 

10.4 

6,964     ^ 

3.4 

222  , 

5.8 

1,746 

8.2 

4,381 

10.6 

7,199     , 

3.6 

250  ', 

6.0 

1,935 

8.4 

4,616 

10.8 

7,433     , 

1        3.8 

288,; 

6.2 

2,124 

8.6 

4.851  |i 

11.0 

7,668     ' 

4.0 

335  'i 

6.4 

2,314 

8.8 

5,086 

11.5 

8,255 

4.2 

412   ' 

1 

6.6 

2, 503 

9.0 

5,320 

12.0 

8.»42 

4.4 

519  'i 

6.8 

2,738 

9.2 

5,555   , 

12.5 

9,429     ' 

4.6 

630   ' 

7.0 

2, 973 

9.4 

5,790 

1 

4.8 

800 

1. 

7.2 

3,207 

9.6 

6,025  ' 

ii 
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Hatiiig  table  for  Milk  River  at  Havre,  Mont.,  for  1903 — Continued. 

FROM  MAY  JB  TO  DECEMBER  31. « 


Gaee 


h^*;.  i>««>»-K« '  h?.^t 


2.6 
2.8 


Second-feet. ,       Fee  t . 
100  3.0 

109  3.2 


Discharge.  |l   ^^,    ,  Di«charge.      ^^P^, 


Seeond-feei.       Feet. 
122   '  3.4 

138  I         3.6 


Discharge. 


Second'feei .       Feet.      ,  Second-feet. 
157  ,;         8.8  212 


180 


4.0 


300 


»  Abuve  4  feet  the  table  ia  the  same  as  for  the  fore  part  of  the  year. 

Estimated  vionthly  discharge  of  Milk  River  at  Havre,  Mont. 

[Drainage  area  7,300  8qaai*e  miles.] 


Discharge  in  second-feet. 


Run-off. 


Month. 


Maximom.     Minimum. 


Mean. 


Total  in 
acre-feet. 


Second-feet 


""mUr™'  '^°?^«° 


The  year  . . 


11,068 
11,552 
15, 310 
11,663 
66,714 
88,007 
125, 742 
23, 181 
17. 673 
18,999 
17,851 
18, 466 

426, 226 


0.02 
.03 
.03 
.03 
.15 
.20 
.28 
.05 
.04 
.04 
.04 
.04 


.08 


0.02 
.03 
.03 
.03 
.17 
.22 
.32 
.06 
.04 
.04 
.04 
.04 

1.04 


"Frozen;  estimated. 
MUSSELSHELL  RIVER  AT   SHAWMUT,  MONT. 

This  station  was  established  Aujj^ust  12,  1902,  by  S.  B.  Dobbins.  It 
is  located  about  200  yards  west  of  Shawmut  post-office,  which  is  at 
the  home  ranch  of  the  Blooming  Land  and  Cattle  Company.  The 
gage  is  a  vertical  pole,  graduated  to  feet  and  tenths,  and  nailed  to  a 
stump  wliich  overhangs  the  river.  The  observer  is  Dwight  Crawford, 
who  reads  the  gage  daily.  No  l>ench  marks  have  been  established. 
The  barometric  elevation  at  this  station  is  3,900  feet. 
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STREAM   MEASUREMENTS    IN    1902,   PART   III. 


[no.  hL 


Daily  gage  height,  in  feet,  of  Musselshell  River  at  Shatcmut,  Mont. 


Day. 

Aug. 

1 

Sept.  1 

• 

1 

Oct. 

Nov. 

1 
1 

UvC*     1 

Day. 

Ang. 

Sept. 

1 
Oct.    1 

_.  1 

1 
Nov.    j 

1 

Dec. 

1902. 

1902. 

1    

0.60  ! 

1.00 

1.10  1 

1.10  1  17 

0.70 

0.70 

1.10  1 

1.0) 

1.2U 

3 

.80  1 

1.00 

1.10  1 

1.10  '  18 

.70 

.70 

1.10 

1.30 

i.a» 

3 

.60' 

1.00 

1.10  : 

1.10  ' 

19 

.70 

.70 

1.10 

1.10  : 

i.a) 

4 

.60' 

1.00 

1.20  1 

1.10  ' 

20 

.70 

.80 

1.10  ' 

1.10 

1.9) 

6 

.60' 

1.00 

1.00  1 

1.20  ■  21 

.70 

.70 

1.10 

1.00 

1.30 

6 

.50 

1.00 

1.80  1 

1.20     22 

.70 

.70 

1.10 

1.00 

l.Sf) 

7 

.50 

1.00 

1. 10 

1.30     23 

.70 

.70 

1.10 

1.10 

1.2ti 

8. 

.50 

1.00 

1.20  1 

1.20     24 

.70 

.70 

1.10 

i.ao 

i.a) 

9 

.50 

1.00 

1.20  ' 

1.20     25 

.60 

.70 

1.10  1 

i.a) 

1.30 

10 

.70 
.70 
.70  J 

1.00 
1.10 
1.10 

1.20 
1.30  ' 
1.20  ' 

^•«»> 

1.20  i'  27 

1.20  1  28 

1.20     29 

r 

.60 
.80 
.70 

.70 
.70 
.80 

1.10  , 

I.IO 

1.10 

i.ai) 

1.2« 

i.ao 

1.31 

11 

1.3) 

12 

0.00 

1.40 

13. 

.60 

.70 

1.10 

1.20 

.00 

.90 

1.10 

1.30  1 

1.4<J 

U    

.50 

.70 

1.10 

1.20  , 

1.20     30 

.60 

.90 

1.30 

1.10 

l.«) 

15 

.50 

.70  [ 

1.10 

1.20  1 

1.20     31 

.60 

1.30    - 

1.10 

16 

.60 

.70  1 

1.10 

1.20  , 

1.20 

1 

I 

1 

MARIAS   RIVER  NEAR  SHELBY,  MONT. 

This  station  was  established  April  4,  1902,  by  J.  S.  Baker.  It  is 
located  on  the  highway  bridge  7  miles  south  of  Shelby,  Mont.  The 
gage  is  of  the  usual  wire  type.  The  scaleboard  is  spiked  to  the  down- 
stream face  of  the  bridge  and  is  graduated  to  feet  and  tenths.  It  is 
read  daily  by  William  Mead,  who  lives  about  one-half  mile  southwest 
of  the  gage.  The  right  bank  is  low  and  liable  to  overflow.  The  left 
bank  is  high  and  confined  by  a  row  of  piles  and  a  plank  wall.  The 
bed  of  the  stream  is  composed  of  sand  and  gravel.  Above  the  station 
the  channel  is  curved.  Below  tlie  station  it  is  straight.  The  initial 
point  for  sounding  is  on  the  left  ])ank  at  the  east  edge  of  the  east  pier 
on  the  lower  side  of  the  bridge.  Bench  mark  No.  1  is  a  rivet  head  in 
the  footplate  at  the  foot  of  the  batter  post  on  the  top  of  the  sovith- 
east  pier  of  the  bridge.  It  is  marked  with  black  paint,  B.  M.  17.54. 
Its  elevation  above  the  zero  of  the  gage  is  17.54  feet.  B.  M.  No.  2  is 
a  spike  in  the  southwest  side  of  a  cotton  wood  stump  25  feet  southeast 
of  the  southeast  pier.  It  is  marked  B.  M.  11.27.  Its  elevation  aboTe 
the  zero  of  the  gage  is  11.27  feet. 
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DUcharge  nieixsurements  of  Marias  River  near  Shelby ,  Mont. 


Date. 


1902. 
April  4  .  _ 

April  4 

Jnly  8 

Jnly  23 

July  29 

Aa^nst  15 

September  19 


Hydrographer. 


J.  S.  Baker. - 

do 

L.  V.  Branch 

do 

C.  T.  Prall... 
C.  C.  Babb.. 
C.  T.  Prall.. 


November  3 L.  V.  Branch 


Feet. 
2.05 

2.05 

5.95 

3.68 

8.40 

2.80 

2.40 

2.16 


Discharge. 

Second-feet. 
358 

357 

5,664 

1,658 

1,295 

780 

547 

299 


Daily  gage  height,  in  feet,  of  Marias  River  near  Shelby,  Mont. 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

3.10 
3.10 
8.00 
3.00 
3.00 
2.90 
2.80 
2.70 
2.80 
3.00 
2.80 
2.70 
2.50 
2.50 
2.50 
2.40 
2.40 
2.50 
2.20 
2.10 
2.10 
2.30 
2.00 
2.40 
2.00 
2.70 
2.50 
2.50 
2.30 
2.20 
2.10 

Sept. 

Oct. 

Nov. 

Dec. 

1902. 
1           

2.70 
2.70 
2.90 
2.70 
2.00 
2.50 
2.00 
2.90 
3.00 
8.30 
3.30 
3.90 
3.90  ' 
3.90 
4.40 
6.70 
5.40 
6.10 
6.10 
4.90 
9.90 
14.50 
9.20 
9.40 
9.00 
6.40 
6.00 
6.50 
6.60 
7.00 
6.00 

6.50 
6.40 
6.20 
5.50 
6.20 
5.00 
4.90 
4.80 
4.60 
4.80 
6.10 
5.10 
4.90 
4.00 
4.50 
4.40 
4.50 
4.40 
4.20 
4.20 
4.10 
4.00 
4.10 
3.90 
4.10 
4.10 
4.40 
4.30 
4.20 
4.30 

4.10 
6.00 
6.40 
11.50 
11.00 
8.60 
6.80 
6.10 
6.00 
5.30 
5.10 
4.90 
4.50 
4.50 
4.50 
4.40 
4.40 
4.10 
4.10 
4.00 
4.00 
3.90 
3.80 
3.00 
3.60 
3.00 
3.00 
3.70 
3.60 
3.30 
8.30 

2.40 
2.30 
2.20 
2.30 
2.40 
2.40 
2.40 
2.30 
2.20 
2.10 
2.20 
2.20 
2.20 
2.20 
2.20 
2.30 
2.20 
2.20 
2.30 
2.20 
2.20 
2.50 
2.40 
2.20 
2.30 
2.20 
2.20 
2.20 
2.80 
2.80 

2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 

2.20 
2.20 
2.20 
2.20 
2.20 
2.10 
2.20 
2.20 
2.10 
2.20 
2.20 
2.30 
•     2.70 
2.00 
2.00 
2.50 
2.00 
2.60 
2.50 
2.50 
2.40 
2.50 
2.50 
2.50 
2.40 
2.40 
2.30 
2.30 
2.80 
2.30 

2.80 

2      

2.30 

3                      

2.30 

4     

2.50 
2.00 
2.40 
2.10 
2.10 
2.00 
2.10 
2.10 
2.10 
2.10 
2.10 
2.20 
1.90 
2.00 
2.00 
2.00 
2.00 
2.50 
2.70 
2.60 
2.50 
2.40 
2.30 
•      2.40 
2.40 
2.40 
2.00 

2.30 

5     

2.30 

6  .            

2.30 

2.80 

8 - 

2.80 

9 

2.80 

10 

2.80 

11               

2.80 

12 

13         

2.50 
2.00 

14             

2.00 

16 

16 

2.50 
2.00 

17 

2.50 

18 

2.50 

19 

20 

21 

22            

2.50 
2.00 
2.00 
2.50 

23 

24 

25            

2.50 
2.60 
2.60 

28 

27 

28          

2.00 
2.00 
2.00 

29          

2.40 

a> 

31           

2.80 
2.80 

1 

— 3 
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STREAM    MEASUREMENTS   IN    1902,  PART    III, 


[NO.  i*L 


Gaee 
height. 


Rating  table  for  Marias  River  near  Shelby,  Mont., 

'   "  '  '       "   "  V 

Diflcharge.  n  jj^^    ,  Discharge,  i 


Di«.harKe.      j^^^ 


._i 


Feet. ' 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 

o  .0 

2.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3.6 


I 


Sectmd-ffet. 

144  , 
168 
192 
227 
273  , 
333 
425 
540 
660 
780  I 
935 
1,105 
1,285 
1,520 


heigi 

Feet. 
3.8 
4.0 
4.2  ! 
4.4 
4.6 
4.8 
5.0 
5.2 
5.4 
5.6 
5.8 
6.0 
6.2 
6.4 


for  19<)2, 


Sect  md -feet. 
1,871 
2,223 
2, 575 
2,927 
3,279 
3,631 
3,983 
4,355 
4,707 
5,059 
5, 401 
5.753 
6,105 
6,457 


Feet. 
6.6 
6.8 
7.0 
7.2 
7.4 
7.6 
7.8 
8.0 
8.2 
8.4 
8.6 
8.8 
9.0 
9.2 


Second-feet.^ 
6,809    ' 
7,161  ,1 
7,513  ' 
7,865   ! 
8,217  ii 
8,569  || 
8,921 
9,273 
9,625 

9,977   ' 

I 

10,329 

I 

10,681    I 
11,033   I 

11,385  ''\ 


Feet. 

9.4 
9.6 

9.8 
10.0 
10.2 
10.4 
10.6 
10.8 
11.0 
11.2 
11.4 
11.6 
11.8 
13.0 


Seeond-feet . 
11,737 
12.089 
13,441 
12,793 
13, 145 
13, 497 
13,849 
14,301 
14, 553 

15,  357 
15,609 
15.961 
16,313 


Eativiated  monthly  discharge  of  Marian  Rii'^er  near  Shelby,  Mont, 

[Drainage  area,  2,610  square  miles.] 


Month. 


1902. 
April  4  to  30- 

May 

June 

July  -    

August  _ . 
September    . 

Octol>er 

Novein})er  . 
December . . . 


Discharge  in  aecond-feet. 


Maximum.    Minimum. 


5, 235 

6,633 

16,313 

1,402 

600 

480 

720 

660 


600 
2,047 
1,190 
333 
373 
425 
373 
480 


Mean. 


Rnn-off. 


Total  in 
acre-feet. 


lsecond-feet;j^   .j^j 
per  square  ;  ^ir  Ir 


468 

4,764 

3,469 

3,980 

654 

463 

425 

518 

563 


25,063 

292, 927 

206,430 

244,721 

40, 213 

27,550 

26, 132 

30. 823 

34,617 


0.18 

1.83 

1.33 

1.52 

.25 

.18 

.16 

.20 


0.18 

2.11 

1.4« 

1. 75 

.29 

.20 

.18 

.22 

.25 


TWO   MEDICINE   CREEK   AT  MIDVALE,   MONT. 

This  station  was  established  September  17,  1902,  by  C.  C.  Babb. 
1%,  is  located  2()0  yards  above  the  Great  Northern  Railroad  bridge  1 
mile  from  the  railroad  station  at  Midvale,  Mont.  The  gage  is  inclined 
and  graduated  so  as  to  give  readings  of  vertical  feet  and  tenths.  It 
is  fastened  to  a  tree  and  stake.  The  initial  point  for  soundings  is  on 
the  left  bank.     The  channel  is  straight  for  700  feet  above  and  300  feet 
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below  the  station.  The  banks  are  high  and  rocky.  Bench  mark  No. 
1  is  a  nail  in  a  rock  13.5  feet  below  the  rod.  Its  elevation  is  2.03  feet 
above  the  zero  of  the  gage.  Bench  mark  No.  2  is  a  nail  driven  in  a 
spruce  tree  40  yards  north  of  the  rod.  Its  elevation  is  32  feet  above 
the  zero  of  the  gage. 

The  following  discharge  measurements  were  made  during  1902: 

October  15:  Gage  height,  0.45  foot;  discharge,  34  second-feet. 
October  15:  Gage  height,  0.54  foot;  discharge,  47  second-feet. 


Daily  gage  he 

ight,  in 
Oct. 

0.50 
.50 
.50  1 
.50 
.50 
.45  1 
.45 
.45' 
.45 
.45 
.50 
.50 
.45 
.45 
.45 
.46 

feet,  ( 
Nov. 

of  Tloo  Medicine  Creek  at  Midvale^ 

Mont, 

1 
Day.              Sept. 

Dec. 

0.70 
.flO 
.00 
.00 
.00 
.00 
.00 
.00 
.70 
.70 
.80 
.80 
.80 
.80 
.80 
.80 

Day. 

Sept. 

Oct. 

Nov. 

Dec. 

1.. 

1902. 

0.35  ' 
.36 
.85 
.30 

.:« 
.:« 

.30 
.30 
.30 

.40 
.55 
.70 
.90 
1.20 
1.50 

1902. 
17 

0.45 
.45 
.45 
.45 
.40 
.40 
.40 
.35 
.35 
.85 
.35 
.35 
.36 
.35 
.36 

1.50 

1.20 

1.00 

1.00 

.90 

.90 

.80 

.80 

.80 

.70 

.70 

.70 

.70 

.70 

0.80 

2 

18 

0.45 
.50 
.45 
.45 
.45 
.40 
.40 
.40 
.45 
.50 
.50 
.50 
.30 

.80 

3 

19 

.80 

4 1 

20 

.80 

1 

5 

21 

.80 

6 ' 

23 

.80 

7         '^_.. 

23 

.80 

8 

24 

.80 

9.- 

26 

.90 

10 

28 

1.00 

11 ; 

27 

1.00 

A* 1.- 

12 

28 

1.20 

1.3...    

29 

i.ao 

U. 

1 

30 

1.20 

15.. 

31 

1.20 

16 > 

1 

MISSOURI  RIVER  AT   CASCADE,  MONT. 

This  station  was  established  July  1,  1902,  by  W.  W.  Schlecht.  It 
is  located  at  the  highway  bridge  in  the  town  of  Cascade,  Mont.,  about 
one-fourth  of  a  mile  from  the  railroad.  The  gage  is  of  the  usual 
wire  type,  and  the  sealeboard  is  graduated  to  feet  and  tenths  and  is 
fastened  to  one  of  the  eyebars  of  the  bridge.  It  is  read  daily  by 
H.  W.  Ludwig.  The  initial  point  for  sounding  is  on  the  abutment 
of  the  right  approach  to  the  bridge.  The  channel  is  straight  for  about 
60C)  feet  above  the  station  and  300  feet  below.  About  300  feet  below 
the  station  there  is  an  island,  on  either  side  of  which  the  river  is  rapid. 
There  is  alx)ut  1  foot  fall  at  this  point.  The  right  bank  is  low  and 
liable  to  overflow.  The  left  bank  is  high  and  not  liable  to  overflow. 
The  bed  of  the  stream  is  rocky  near  the  piers  and  muddy  along  the 
banks.  The  bridge  has  two  spans.  The  central  pier  is  protected  by 
an  ice  and  drift  breaker,  which  extends  about  125  feet  upstream.  No 
bench  marks  have  been  established. 

The  following  measurements  were  made  during  1902  by  W.  W. 
Schlecht  and  L.  V.  Branch : 

Jnly  21:  Gage  height,  5.06  feet;  discharge,  5,537  second-feet. 
September  9:  Qage  height,  3.67  feet;  discharge,  1,891  second-feet. 
NoTember  6:  Gage  height,  4.18  feet;  discharge,  3,131  second-feet. 
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Daily  gage  height,  %n  feet,  of  Missouri  River  at  Cascade,  Mont, 

Day. 

July. 

Ang. 

^pt. 

Oct 

Nov. 

Dec 

1902. 
1 

4.20 
4.15 
4.06 

3.67 

a  90 

4.20 

4.20 

4.20 

4.20  1 

4.20  1 

4.18  , 

4.17 

4.20' 

4.20  ' 

4.30 

4.25 

4.32 

4.45 

4.50 

4.50 

4.55 

4.55  ' 

4.00 

4.57 

4.55 

4.50 

4.45 

4.20 

^.50 

4.00 

4.00 

4.00 

4.00 

4.00 

a96 

2 

a65  ;      3.95 
3.77  1      4.00 

4.00 

3 

4.20 

4 

3.90  j      3.87  1      4.06 
3.87        3.85  1      4.07 
8.75        3.73        4.06 
3.62        3.70*        4.00 

4.30 

5                 - 

4.50 

6 

4.50 

7 

8 

3.60  1      3.66 

4.00 

9 

3.60        3.70i      4.00 

10    

3.00 
3.60 
3.60 
3.60 
8.60 
3.60 
8.65 
3.60 

3.67        4.06 
3.62        4.05 
3.60        4.10 

11    1 

12       

13 

3.60 
3.60 
8.60 
6.60 
3  (16 

4.10 
4.U 
4.10 
4.10 
4.10 
4.10 
4. 10 
4.15 
4.15 
4.15 
4.10 
4.10 
4.10 
4.10 
4.10 
4.18 
4.20 

14 

15 

16            

17        

5.35 
5.30 
5.22 
5.12 
5.00 
5.00 
4.90 
4.80 
4.70 
4.65 
4.60 
4.60 
4.40 
4.30 
4.30 

3.45  i      3.66 
3.55-1      3.70 
3.50        3.70 
3.72        3.70 
3.92        3.70 
3.90  '      3.70 
3.90        3.70 
3.87        3.70 

3.85  3.66 

8.86  3.62 
3.85        3.60 
3.82  ,      3.65 
3.75        3.72 

19 

» 

21 

22 

28        

24 - 

25    

26 - - 

27 - 

28 

29        

4.20  1      4.00 

31     

3.70 

4.20 

1 

MISSOURI  RIVER  AT  TOWNSEND,   MONT. 

The  K^ging  station  was  established  in  1891  by  the  Missouri  River 
Commission,  and  readings  have  been  made  continuously  since  that 
time  by  an  observer  employed  by  the  Commission.  The  locality  is 
2,504  miles  above  the  mouth  of  the  river.  The  following  description 
of  the  gage,  its  location,  and  bench  marks  is  from  Lieut.  J.  C.  San- 
ford,  secretary  of  the  Missouri  River  Commission: 

A  standard  wire  cable  gage  was  erected  by  the  Missouri  River  Cominisedon 
October  1,  1891,  on  a  county  road  bridge,  located  about  300  feet  below  the  North- 
ern Pacific  Railroad  bridge  across  the  Missouri  River  near  Townsend,  Mont.  Its 
zero  is  set  at  an  approximate  elevation  of  3,700  feet  above  sea  level  as  determined 
from  a  primary  line  of  levels,  run  under  the  direction  of  the  Commission  in  1890, 
from  Three  Forks  to  Fort  Benton,  Mont. ,  and  starting  from  a  bench  mark  of  the 
Northern  Pacific  Railroad  at  Gallatin,  Mont.  (See  Annual  Report  of  Chief  of 
Engineers,  1891.) 

Reference  bench  mark  is  B.  M.  10  (Townsend),  described  as  '^located  on  the 
right  bank  of  the  Missouri  River,  about  one-half  mile  north  of  Townsend  Railroad 
station,  about  one-half  mile  from  river,  measured  in  a  perpendicular  direction  to 
track,  and  about  three- fourths  mile  south  of  railroad  bridge  over  the  Missoari 
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It  is  about  CO  feet  west  of  a  point  on  the  track,  30  feet  north  of  railroad 
No,  392,  and  about  7  feet  west  of  railroad  fence.    Compass  reading  to  mile- 
^^^    1121  is  318^     Marked  by  stone  and  pipe;  elevation,  3,795.991  feet.    This 
^"fcion  is  erroneous,  but  is  the  elevation  from  which  the  gage  is  set. 

tabulated  records  of  the  Townsend  gage  are  reductions  to  the  St.  Louis 
datum  obtained  by  subtracting  400.063  feet  from  the  daily  means  of  the 
^«^ading8.     The  gage  readn  from  3,785  to  3,799  feet. 

I  -"i^utenant  Sanford  states  that  since  the  establishment  of  the  gage 
^1  lines  have  been  completed  connecting  all  of  the  upper  river 
?^^^^^  with  the  datum  of  tlie  Missouri  River  Commission.  Precise 
-.^^  ^''^Is*  have  been  run  up  to  Sioux  City,  Iowa,  and  above  that  checked 
^^  l*^^es  have  been,  run  under  the  direction  of  Capt.  H.  F.  Hodges, 
■•"Ofj  of  Engineers,  United  States  Anny,  and  of  the  Missouri  River 
iiciission.  The  elevations  of  the  zeros  of  the  other  Montana  gages 
<luring  1890  are  as  follows: 


EletKitions  of  river  gages  in  Montana. 


Above 
month. 


Mile». 
2,888.8 
2,415.7 
2,468.8 


Elevation 

of  fi^age 

zero. 


Feet. 
2.8Q7.165 
3,028.575 
8,207.874 


Locality. 


ToBton 

Gallabers  Ferry. 
Gallatin  Ferry  . 


Above 
month. 


Milen. 
2,519.8 
2.546.4 
2,546.7 


Elevation 

of  gage 

aero. 


Feet. 
8,477.280 
8,618.060 
8,614.788 


1"H^ 


,.  f^*  drained  at  this  point  is  approximately  15,000  square  miles, 

^^<1   t^i^e^j^'  ^  above  stated,  the  inflow  from  the  Gallatin,  the  Madison, 

••ies  of  t     ^'^^^  ^*ivers.     This  gage  at  Townsend  is  the  highest  of  a 

ui-i   jiiy,  ^^J^y^^nxore  gages  maintained  permanently  by  the  Mis- 


sou 


tlio  anxmoi  ^^^^^ion.  Descriptions  of  these  gages  are  given  in 
-^i^iiaj  Renn  \^^ ^^  the  Missouri  River  Commission,  contained  in  the 
^of  ISOi.  nn^Vi^^  ^he  Cliief  of  Engineers,  United  States  Army;  that 


^31 G. 


a^>ove  Fort  Be  t  ^^^  of  this  point  above  Sioux  City  is  1,703  miles,  and 

^'^S^ineera,  219     -^^   tli^  next  gage  below  maintained  by  the  Corps  of 

States  Artny^  fo^^^^^         I^  ^^^®  report  of  the  Chief  of  Engineers,  United 

^^    ^'^^Awiuatio  ?i*3     r>^S^  2320,  it  is  stated  that  there  is  under  way 

l*erry,  Mont,    ^^v^  ^J^'  jMiBSO uri  River  from  Three  Forks  to  Canyon 

^^8^ht  be  made    f        ^.  xri^"^  ^^  determining  at  what  points,  if  any,  use 

^ithout  unreaso      ^^     t^r  r>o^er  for  manufacturing  and  other  purposes 

^iver  was  surveJ^^^lx;'  imp^*^^^^  ^^®  navigability.     This  part  of  the 

-Missonrf  liive^p   ^  d    rxi^P^^  ^^  ^^^  under  the  direction  of  the 

©xamfne  the  man  ^"^  ^  *    aio^-     ^^^  ^^®  present  work  it  is  proposed  to 

*We  to  personal!       ^^   "  vi  "^s  ^  urvey  and  select  such  points  as  seem  suit- 

^orkfcogefc  th«  i^       ^       \-«e     the  localities,  and   by  additional  field 

e,^«^«^n/s4^.-^^;:^'  a»ta  for  a  report." 

^^a»K,  Inferred  tri^^^  t,t^^  upper  Missouri  River  i 

^^''J&to  the  exr.^    i:^  ^^  -^lOiis  reports,  was  abandoned  in  June,  1892, 


in  the  vicinity  of 


River 


^omm 


^saioj 


v^i 


^. 


p'^^  ^      ^ I  jitenance  and  the  fact  that  the  Missouri 
^^  of     ^      .  *<e  at  Townsend,  Mont. 
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The  I'esults  are  furnished  to  the  Geological  Survey  by  the  Corps  of 
Engineers,  United  States  Army. 

Discharge  measurements  of  Missouri  River  at  Toitmsend^  Mont. 


Date. 

1902. 
April  14 

July  14 


Hydrogrrapher. 


H.  B.  Waters 


Gaife 
heigrht. 


Discharge. 


88.75  '  2.840 


...do ._ '     89.82  ,  6,547 

AngU8t28 I do  _ i     88.52  i  2,-350 


GALLATIN  RIVER  AT  LOGAN,  MONT. 

This  station  was  established  on  August  24,  1893,  b}'  F.  11.  Xewell, 
at  the  railroad  pump  house  immediately  Ik^Iow  the  Northern  Pacific 
main  line  bridge  crossing  Gallatin  River  at  Logan,  Mont.  The  gage 
was  a  vertical  rod  fastened  to  the  cribwork  box  sunk  in  the  river  for 
the  protection  of  the  inlet  pipe  of  the  pump.  The  bench  marks  con- 
sist of  nails  driven  into  the  angle  of  the  pier  of  the  bridge  facing  the 
gage,  these  being  placed  at  the  elevation  of  tlie  7,  8,  9,  and  10  foot 
marks,  and  designated  by  corresponding  figures.  At  the  bridge  itself 
measurements  of  volume  can  not  well  be  made,  as  the  stream  is 
divided  into  four  channels,  being  very  swift  in  two  of  these,  and 
obstructed  by  piles,  snags,  and  sand  in  the  others.  Above  the  bridge, 
however,  is  a  broad,  straight  course,  where  measurements  can  be 
made  by  means  of  a  l)oat  and  cable. 

On  March  10,  1894,  the  gage  rod  was  washed  out,  together  with  the 
crib  to  which  it  was  attached,  no  discharge  measurements  having 
been  made  while  it  was  in  place. 

On  November  16,  1894,  a  new  gage  was  established  by  Arthur  P. 
Davis  under  the  northeajit  corner  of  the  Northern  Pacific  bridge  above 
mentioned.  This  gage  consisted  of  timbers  partly  inclined  and  partly 
vertical,  the  lower  inclined  portion  being  graduated  from  0.60  foot  up 
to  7.10  feet,  and  the  vertical  portion  from  7  feet  up  to  12.10  feet. 
Bench  mark  No.  1  is  on  the  head  of  a  bridge  spike,  in  the  top  of  the 
pile  stump  to  which  the  lower  end  of  the  inclined  gage  is  fastened. 
Elevation  1.62  feet  above  zero  of  gage.  Bench  mark  No.  2  is  the  head 
of  a  bridge  spike  driven  horizontally  into  the  first  pier  east  of  the  river. 
It  is  driven  into  the  north  end,  and  is  marked  "B,  M."  Its  elevation 
is  9.32  feet  above  the  zero  of  the  gage.  The  measurements  were  made 
by  means  of  a  cable  across  the  river  ICX)  yards  above  the  bridge. 

On  September  16,  1896,  a  wire  gage  was  placed  in  the  east  span  of 
the  railroad  bridge  and  fastened  to  the  guard  rail  on  the  upper  side. 
The  distance  from  the  outside  edge  of  the  pulley  to  the  end  of  the 
rod  is  1  foot;  from  the  end  of  the  weight  to  the  index  marker  18.40 
feet.  Bench  mark  1  is  the  top  of  the  northeast  corner  of  the  iron 
plate  at  foot  of  diagonal  end  member  of  truss,  east  end,  upper  side. 
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and  is  13. 70  feet  above  datum.  Bench  mark  2  is  a  spike  in  pile  stump, 
described  and  called  "Bench  mark  No.  1,"  in  the  description  of  the 
1894  gage.  Discharge  measurements  are  made  from  the  cable  across 
the  river  300  feet  above  the  railroad  bridge.  The  section  is  a  good 
one,  the  channel  being  straight  for  some  distance  above  and  below 
the  cable.  The  bed  is  gravelly.  The  observer  is  James  Martin.  The 
following  measurements  were  made  in  11)02: 

Discharge  nieasturemeiits  of  Gallatin  River  at  Logan,  Mont, 


Date. 


H  ydro^rapher . 


Ga^e 
I  liei^it. 


Di84*har{^. 


1902. 

April  15 H.  B.  Waters 

May  .3_.- do 

Do _- do 

May  28 i do 

July  14_- do -. 

AuKost  29 do 


Feet. 

Second-feet. 

0.91 

486 

1.80 

715 

1 .  80 

720 

4.28 

4,018 

1.66 

986 

.56 

894 

Day. 


Daily  gage  heights  in  feet,  of  Oallatin  River  at  Logan,  Mont. 

July.    Auk. 


Jan.  ,  Feb. 


I 


mie. 


1 

••» 
•* 

6 

S 

i> 


(") 


].0() 
1.00 
1.00 
1.00 
l.(M) 

i.a) 
II «1.00 


(") 


hi 

U. 

15- 

10. 

17. 

18 

19. 

a). 

21. 

as. 
>a. 

24. 

25. 
26. 
27. 
28. 
29. 
30. 
31  . 


l.«) 
1.00 
1.00 
1.00 
1.00 
1.00 
1. 00 


(«) 


(») 

1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.05 
1.06 
1.06 
1.06 
1.05 
1.05 


Mar. 


al.05 
1.06 
1.05 
1.05 
1.05 
1.05 
1.05 
1.04 
1.40 
1.40 
1.40 
1.30 

i.ao 

1.30 

1.30 

1.30 

1.30  < 

1.30  ' 

1.30 

1.30 

1.30  ' 

1.30 

1.30 

1.30  ' 

1.30 

1.30 

1.30 

1.30 

1.30 

1.30 

1.30 


Apr.    May.  i  June. 


Sept.     ()rt.      Nov. 


I.a) 
1.30 
1.30 
1.30 

1.30 
1.30 
l.SO 
1.30 
1.30 

].:«) 

1.31) 


1.30 
1.20 
1.20 
1.30 
1.40 

i.eo 

l.flO 
1.80 
2.40 
2.55 
2.60 
3.35 
3.46 
3.50 
3.60 
3.40 
3.40 
3.35 
3.3f) 
3.86 
3.30 
3.10 
3. 10 
3.45 
3.  HO 
3.90 
4.Cr) 
4.r5 


4.40 
4.30 
3. 75 
3.55 
3.25 
3.35 
3.35 
4. 15 
4.10 
4.31) 
4.40 
4.15 
4.35 
4.40 
2.05 
2.55 
2.50 
2.45 
2.60 
2.30 
2.10 
2.30 
2.40 
2.40 
2.30 
2.44 
2.10 
2.20 


1.70 

1.50 

1.40 

1.30 

1.30 

1.30 

1.20 

1.10 

1.10 

1.00 

.90 

.80 

.80 

.80 

.90 

.80 

.80 

.70 


0.80 
.70 
.60 
.60 
.00 
.50 
.50 
.50 
.60 
.60 
.60 
.60 
.00 
.60 
.TO 
.70 
.70 
.80 
.80 
.70 
.70 
.70 
.70 
.70 
.60 
.70 
.60 
.60 
.60 
.60 
.60 


0.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.00 
.50 
.:*) 

.20 
.30 

.:«) 

.2.) 

.20 

.20 

.30 

.20 

.10 

.10 

.10 

1.10 

1.10 

1.10 


1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
I  10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
l.in 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 


1.10 
1.10 
1.10 
1.10 
1.10 
1.30 
1.10 
1.20 
1.20 
1.20 
1.30 
1.40 
1.30 
1.20 
1.20 
1.20 
1.21) 
1.20 
1.30 
1.20 
1.10 
1.20 
1.30 
1.40 
1.40 
1.40 
1.40 
1.40 

1.4r) 

1.40 


De<-. 


1.40 
1.20 
1.20 
1.30 
1.40 

i.;« 
1.:*) 
i.:«) 

1.20 
1.20 

I.ao 

1.10 
1.00 
1.20 
1.40 
1.00 
2.50 
2.45 
2.86 
2.90 
3.10 
3.40 
8.60 
a35 
3.30 
3.30 
2.40 
2.10 
2.10 
2.60 
2.80 


a  Frozen  at  gage. 
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Rating  table  for  Gallatin  River  at  Logan^  Mont.,  for  1902, 


Gage 
height. 

Discharge. 

i 
height. 

Discharge. 

1 

Qage 
height. 

Discharge. 

Oage 
height. 

1  Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet  J 

Feet. 

Sec<md-feet . 

Feet. 

1 

\  Second'fert. 

0.2 

356 

1       1.4 

780     1 

2.6 

1,965 

3.8 

8, 520 

.4 

370 

1.6 

1 

940 

2.8 

2,200 

4.0 

8,aso 

.6 

400 

1.8 

1,120 

3.0 

2,440 

4.2 

1       4, 125 

.8 

450 

2.0 

1,315 

3.2 

2,700 

4.4 

'       4. 430 

1.0 

530 

2.2 

1,520 

3.4 

2,960 

1 

1.2 

650 

2.4 

1 

1,735 

■ 

3.6 

3, 240 

1 
1 

Estiinated  monthly  discharge  of  Gallatin  River  at  Logan,  Mont, 

[Drainage  area,  1,805  flquare  mileH.] 


Discharge  in  second-feet. 


Month. 


I 


Maxixnnm.  i  Minimum.      Mean. 


780 


560 


I 


1902. 

I 

January  5  to  18 

February  16  to  28 

March 

April  1  to  12 

May4to31 _.J 2, 

Junelto28. ' 2, 

July  14  to  31 

August 

September 

October 

November . 

I 

December 


450 
590 
590 
780 
3, 240 


382  j 
356  ' 
590  , 

590  ' 

I 

530  I  1, 


530 
576 
678 
710 
828 
775 
599 
410 
899 
590 
679 
465 


Run-off. 


Total  in 
acre-feet.    '  Second-feet 


Depth  in 


^^^r^^      «-•»'- 


14,717 
14, 856 
41,693 
16,899 
129, 291 
154, 186 
21,398 
25, 206 
23, 742 
36, 278 
40,383 
90, 079 


1 


0.29  : 
.32  ' 
.38  \ 
.39 
1.29 
1.54 
.88 
.28 
.  «.^< 
,38 
.38 
.81 


0.15 

.15 

.44 

.18 

1.84 

1.60 


27 


^*3 


as 

42 
9:^ 


WEST  GALLATIN  RIVER  NEAR  SALESVILLE,   MONT. 

The  Salesville  station,  which  has  been  maintained  for  a  number  of 
years,  was  established  near  Williams's  ranch,  about  16  miles  south- 
west of  Bozeman  and  near  a  highway  bridge  crossing  the  stream 
about  5  miles  south  of  Salesville.  A  gage  rod  was  erected  in  July, 
1895,  and  observations  were  begun  on  August  1  by  Ira  T.  Williams, 
a  ranchman  living  about  600  feet  away.  The  gage  is  spiked  to  a 
tree  and  is  not  liable  to  be  washed  out.  The  bench  mark  consists  of 
a  6-inch  spike  driven  in  the  top  of  a  stump  5  feet  north  of  the  gage 
post.     It  is  n.71  f(»et  al)ove  the  zero  of  the  gage,  as  lowered  5  feet 


NEWELL..] 


MISSOURI    RIVER    DRAINAGE    BASIN. 


41 


from  the  original  position.  A  second  bench  mark  consists  of  a  6-inch 
spike  driven  into  the  east  bridge  abutment.  This  is  9.26  feet  above 
the  zero  of  the  gage.  The  initial  point  for  soundings  is  on  the  right 
bank.  In  flood  the  water  flows  behind  the  bridge  abutments  on  the 
right  bank,  but  at  other  times  is  confined  within  the  channel.  The 
bed  of  the  stream  is  composed  of  bowlders  and  is  not  liable  to  change. 
The  velocity  is  great,  rendering  discharge  measurements  somewhat 
difficult.  The  channel  is  nearly  straight,  with  slight  curves  both 
above  and  below.  Two  canals  are  taken  out  above  this  station,  the 
West  Gallatin  Company  carrying  about  125  second-feet  between  July 
1  and  September  15,  and  the  Kleinschmidt  carrying  about  50  second- 
feet  between  July  1  and  August  15.  In  September,  1896,  a  wire  gage 
was  placed  on  the  bridge,  the  pulley  being  fastened  to  the  end  of  the 
rod  opposite  the  0. 15-foot  mark.  The  distance  of  the  end  of  the 
weight  to  the  index  marker  is  15.50  feet.  The  two  gages  were  made 
to  read  the  same. 

The  bench  mark  for  the  wire  gage  is  the  head  of  the  southwest 
bolt  in  the  nm  of  the  southeast  cylindrical  pier.  Its  elevation  is 
13.70  feet  above  datum.  The  observer  is  Ira  T.  Williams,  Salesville, 
Mont. 

IHscIiarge  nieamirements  of  Went  Gallatin  River  near  Sulemnlle,  Mont. 


Date. 


Hydrographer. 


1902. 
ADril28 _ - 

Jnne  3  .  _ 

Do 

June  9 do 

Jnne  14 - .do 

June  24 ..- 

Do    ._ 

July  10. 

July  17-. - 

August  13 


H.  B.  Waters 
A.  P.  Stover 
..do 


Septemher  4 


...-do  

.._do 

....do 

H.  B.  Waters 
A.  P.  Stover  . 


H.  B.  Waters 


Oage 
height. 


Feet. 
2.83 
5. 30 
5.30 
6.12 
6.  30 


Diwharge. 

Secmd-feet. 
373 

2,629 

2,606 

4, 361 

4,768 


1   5. 05 

1 

2,778 

5. 05 

2,779 

4.25 

1,074 

4.14 

1,348 

'   3. 30 

627 

!   2. 80 

433 
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Ddily  goge  height^  in  feet,  of  Went  Gallatin  River  near  Salettville,  Mont. 


—    —         —    — 

-  — 

— 

—  — 

- 

— 

-_       — ,  — 

_ _- 

' 

Day. 

Jan. 

Feb. 

Mar. 

. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Ifttt. 

1 

2.80 

2.80 

2.70 

2.70 

3.00 

6.40 

4.50 

3.  CO 

3.00 

2.90 

2.«0 

3.  ail 

2 

2.80 

2.80 

2.70 

2.70 

3.00 

5.55 

4.00 

3.50 

2.95 

2.90 

2.90 

3.») 

8 

2.80 

2.90 

2.70 

2.70 

2.90 

5.30 

4.65 

3.40 

2.90 

2.90 

2.90 

3.  Sit 

4 

2.80 

3.00 

2.70 

2.70 

2.90* 

5.30 

4.50 

3.40 

2.90 

2.90 

3.90 

2.*ii 

5 

2.80 

3.25 

2.70 

2.70 

2.90 

5.20 

4.40 

8.40 

2.80 

2.90 

3.90 

2.Si) 

6 

2.80 

3.30 

2.70 

2.70 

3.00 

5.20 

4.40 

3.80 

2.80 

2.90 

3.90 

2.  a) 

7 

2.80 

3.30 

2.70 

2.70 

3.20 

5.50 

4.30 

3.30 

2.80 

2.90 

3.90 

2.90 

8 

2.80 

3.20 

2.70 

2.70 

3.30 

6.35 

4.25 

3.30 

2.70 

2.90 

2.«t 

2  91) 

9 

2.80 

3.20 

2.70 

2.70 

3.00 

6.50 

4.20 

3.30 

2.70 

2.90 

3.fl0 

2.nj 

10 

2.80 

3.20 

2.70 

2.70 

3.87 

6.40 

4.20 

3.30 

2.70 

2.90 

2.90 

2.7U 

11 

2.80 

3.(K) 

2.70 

2.70 

4.00 

6.40 

4.20 

3.30 

2.70 

2.90- 

3.90 

2.70 

12 

2.80 

3.(N) 

2.70 

2.70 

4.15 

6. 10 

4.30 

3.10 

2.70 

2.90 

3.90 

2.711 

13 

2.80 

3.00 

2.70 

2.80 

4.45 

6.10 

4.25 

3.20 

2.70 

2.90 

3.90 

3.70 

14 

2.80 

2.90 

2.70 

2.  HO 

4.75 

6.05 

4.25 

3.30 

2.70 

2.90 

2.90 

2.71) 

15 

2.80 

2.80 

2.70 

3.70 

5.25 

5.75 

4.30 

3.20 

2.t:o 

2.90 

3.90 

3.711 

16 

2.80 

2.80 

2.70 

2.70 

4.90 

5.20 

4.30 

3.20 

2.80 

2.90 

3.9fl 

2-70 

17 

2.80 

2.80 

2.70 

2.70 

4.75 

5. 10 

4.30 

3.30 

2.80 

2.90 

2.90 

2.0) 

18 

2.80 
2.70 

2.70 
2.70 

2.70 
2.70 

2.70 
2.70 

4.55 
4.40 

5. 10 
5.00 

3.80 
4.10 

3. 10 
3.10 

2.90 
2.90 

2.90 
2.90 

3.90 
2.90 

2-55 

19 

2.«) 

20 

2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.80 
2.80 
2.80 
2.80 

2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2,70 
2.70 

2.70 
2.70 
2.70 
2.70 
2.78 
2.75 
2.78 
2.73 
2.75 
2.75 
2.70 
2.70 

3.00 
.  3.00 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 

4.15 
3.95 

4.  a) 

4.30 
4.45 
4.45 
4.80 
5. 15 
5.95 
6.25 
6.55 
6.65 

4.80 
4.80 
4.&5 
5.00 
5.05 
5.00 
5.10 
4.90 
4.80 
4.60 
4.50 

4.10 

3.90. 

3.90 

3.90 

3.90 

3.90 

3.90 

3.90 

3.90 

3.70 

3.70 

3.70 

3.10 
3.10 
3.10 
3.10 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 

2.90 
2.90 
2.80 
2.90 
2.90 
2.90 
2.90 
2.90 
2.9t) 
2.90 
2.90 

2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 

3.90 
2.90 
2.90 
3.90 
3.90 
2.80 
2.  TO 

2.er> 

3.70 
3.90 
2.90 

2.80 

21 

3.  A) 

22 

3  9(1 

23 

3.9rj 

24 

3  9U 

25 

2.90 

26 

3  90 

27 

2.90 

28 

3  90 

29 

2  90 

30 

2.  TO 

31 

3.7« 

Rating  table  for  Went  Gallatin  Rii^er  near  Salesville,  Mont.  ^  far  190'J. 


Qage 
height. 

Feet. 

M 

Discharge,  i 

Qage 
height. 

Feet. 

1 

Difficharge. 

1 

Gage 
height. 

Feet. 

Discharge. 
Second-feet. 

height. 

1 

1  Difieharire. ' 

Second-feet. 

Second-feet. 

Feet. 

J  Second-feet. 

3.6 

300 

3.8 

930 

5.0 

2,285 

6.2 

1        4, 550 

2.8 

400 

4.0 

1,060 

5.2 

2.605 

6.4 

'       5, 000 

1 

3.0 

500 

4.2 

1,215 

5.4 

2, 950 

6.6 

1       5, 450 

3.2 

600 

4.4 

1,415 

5.6 

3. 310 

1 

3.4 

700 

4.6 

1,665 

5.8 

3,690 

1 

1      3.6 

810 

1 

4.8 

1,960 

1 

6.0 

4,100  ; 

1 

1 
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Estimated  monthly  discharge  of  Went  Gallatin  River  near  Salesville,  Mont. 

[Drainage  area,  MOO aqnare  miles.] 


Month. 


1902. 

January  

February 

March 

April 

May 

Jnne       

Jnlv 

August 

September 

October 

November 

December 

The  year 


Discharfpe  in  second-feet. 


Maximum.  <  Minimum .      Mean. 


Run-off. 


Total  in 
a<Te-f©et. 


Second-feet  r*--.**.  w. 
per  square   P^P*** « 


400 
650 
400 
500 


I 


5, 
1, 


565  ; 

225 

735 

810 

500 

450 

450 

450 


360  , 
360 
360 
360 
450 
1,5:^0 
870 
500 
360. 
450 
300 
270 


I 


388 

449    ; 

365 

399 

1,697 

3, 025 

1,192 

591 

422 

450 

437 

407 


5, 565 


270 


818 


23,881 
24,962 
22.413 
23, 742 
104, 370 
180, 030 
73, 269 
36,327 
25,081  , 
27,669 
26, 023 
25,031 

592, 798 


0. 45 


.52 


.42 

.46 

1.97 

3. 52 

1.39 

.69 

.49 


.52 


.51 
.47 

.95 


0.52 

.54 

.48 

.51 

9.27 

3.93 

1.60 

.80 

.55 

.60 

.57 

.54 


12.91 


MIDDLE   CREEK  NEAR  BOZEMAN,    MONT. 

The  station,  established  on  August  3,  1895,  is  located  9  miles  south 
of  Bozeman  and  one-eighth  of  a  mile  above  the  old  sawmill  dam  in 
the  creek  canyon.  Discharge  measurements  are  made  from  a  wire 
cable  placed  across  the  stream  in  1898.  The  gage  is  about  200  feet 
below  the  cable,  and  consists  of  a  horizontal  frame  supporting  a  wire 
gage.  Bench  mark  No.  1  consists  of  a  spike  driven  horizontally 
into  a  stump  5  feet  high  about  80  feet  east  of  the  gage  rod.  The 
middle  of  this  spike  is  at  an  elevation  of  7.03  feet  above  gage  datum. 
Bench  mark  No.  2  consists  of  an  8-inch  bridge  spike  driven  horizon- 
tally into  a  charred  stump  about  25  feet  northeast  of  the  gage,  with 
an  elevation  of  3.58  feet.  Bench  mark  No.  3  consists  of  a  large  rock 
93  feet  east  of  the  gage,  marked  **  B.  M."  in  black  paint,  and  is  4.84 
feet  above  gage  datum.  The  initial  point  for  sounding  is  on  the  left 
bank.  The  water  moves  swiftly  on  one  side;  the  left  bank  is  low  and 
liable  to  overflow.  The  bed  of  the  stream  is  of  gravel  and  is  liable  to 
change.  Gage  heights  were  not  taken  in  1897  and  1901,  owing  to  the 
impossibility  of  securing  an  observer  at  moderate  expense. 

A  new  gage  and  three  new  bench  marks  were  established  at  this 
station  on  May  8,  1902.  Bench  mark  No.  1  is  the  top  of  a  bowlder  5G 
feet  southeast  of  the  deadman  of  the  east  end  of  the  cable.  It  is 
marked  in  red  paint  B.  M.,  U.  S.  G.  S.,  8.41;  elevation  8.41  feet  above 
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the  zero  of  the  gage.  Bench  mark  No.  2  is  the  top  of  a  bowlder  r»s 
feet  southeast  of  the  deadman,  marked  in  red  paint  B.  M.,  U.  S.  G.  S., 
9.26;  elevation  9.26  feet  above  zero  of  the  gage.  Bench  mark  No.  3 
is  &  large  bowlder  on  the  hiUside  150  feet  northeast  of  the  dead.inan, 
marked  B.  M.,  U.  S.  G.  S.,  20.43;  elevation  20.43  above  the  zero  of 
tlie  gage.     The  relation  of  the  gage  zeros  has  not  been  determine*!. 

DiHcharge  meaHurementH  of  Middle  Creek  near  Bozeinan,  Mont. 


Date. 


1902. 


Hydrogfrapher. 


May? I  J.  S.  Baker... 

Do - do 

Do  - , do 

June  4 .  _ I  A.  P.  Stover. . 

Do do 

Jnne  19 __do 

July  9 - do 

July  17 \  H.  B.  Waters 

August  12 '  A.  P.  Stover- 

Septeinl)er  11.. \  H.  B.  Waters 


Gasfe 
height. 

Dutoharjpe. 

Feet. 

Sfr€>n^-/rrt. 

1.02 

1                    55 

1.08 

62 

1.13 

67 

1.45 

156 

1.45 

IV* 

1.40 

1^ 

1.25 

96 

1.30 

125 

1.00 

59 

.81 

« 

Daily  g(ige  height^  in  feet,  of  Middle  Creek  near  Bozetnan^  Mont, 


Day.        'May.  June.  July.' Ang.  Sept.  Oct. 


Day.       I  May.'June.  July.;  Auk-  ,  Sept.  Oct 


ism. 


1. 
2. 
3. 
4. 
5. 


6. 

7. 

8. 

9. 
10. 
11. 
12- 
13. 
14- 
lo. 
16- 


1.60 
l.fiO 
1.40 
1.40 
1.40 
1.60 


1.50 
1.50 
1.50 
1.45 
1.45 

1.40 

i.a5 

l.a5  j 

i.;«  I 

1.35  1 

i.a5 


1,60 

I  1.80 

'  1.90 

1.80 

1.70    

("I      1.80     1.30 

1.60    1  1.30 

1.50     1.70  '  l.a5 


1.10 
1.10  , 

1.10  , 
1.50  i 
1.50  ' 
1.50 
1.50 
1.00 

l.U) 
1.00 
1.00 
l.Of) 
1.00  J 
1.00  ' 


0.90 
.90 

.85 
.85 
.85 
.80 


0.85 
.85 
.85 


190(3. 


.80 
.80 
.80 
.80 
.80 
.80 

.80 
.80 


17 
18 
19 
20 
21 

23 
24 
25 
26 

I  27 
28 
29 
30 
31 


1.50 
1.40 
1.30 
1.30 
1.30 
1.30 

i.:«) 

1.40 
1.40 
1.50 
1.60 
1.70 
1.70 
1.70 
1.80 


1.60 

1.50 

I  1.50 

I  1.45 

1.50 


i.eo 

1.60 
1.65 
1.60 
1.60 
1.50 

1.50 


1.35 
1.30 
1.25 

1.25 
1.25 
1.25 
1.25 
1.25 
1.20 

1.16 
1.10 
1.10 
1.10 


i.ori 

1.00 
.90 
.90 
.90 
.90 
.90 

.90 
.90 
.90 
.90 
.90 
.90 


0.80 

.«r 

.80 

,m 

.8U 

.m 

.80 

.85 

.85 

.85 

85  1 
85  I 


u  Obuerver  did  not  read  gage  on  Sundays. 
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Rating  table  for  Middle  Creek  near  Bozeman,  Mont.,  for  19{K\ 


Oaire 


Gage 


h'S^t.    I  Discharge.      ^«^,.    I  DtechaPKe.      ^O^^^ .     Discharge.      ^f^^     DtacharKe 


Gase 


Fev#.  '  Second-feet. 

0. 8  I  49 

.9  ,  53 

1.0  !  60 


Feet.       Second-feet.       Feet.       Second-feet. 
1.1     I  72  1.4     ,  136 


;r 


1.2 
1.3 


88 
107 


1  5 
1.6 


181 
226 


Feet. 
1.7 
1.8 
1.9 


Second-feet. 

271 
316 
361 


Estimated  monthly  dischurge  of  Middle  Creek  near  Bozeman,  Mont,^ 

[Drainage  area,  K  nqiiare  inileH.] 


1898. 
April  18  to  30 
May 
Jtine 
July 
Ang^st 
September 
October  1  to  21 


Total  in 
I    acre-feet. 


1899. 
May  7  to  31 
Jnne 
July 
August 
September 
October 

1902. 
May  15  to  31 
June 
July 
August 
September 


5, 018 

16,610 

25, 521 

10,586 

3,989 

3,178 

2, 255 

8, 150 
29. 982 
20, 559 
6, 383 
3,414 
2,987 

6,069 
13, 150 
7,133 
4, 564 
2,975  ! 


Run-off. 


Second-feet 

per  square 

mile. 


Depth  in 
inches. 


3. 55 
4.91 
7.80 

3.13 

I 

1.18 
.96 
.95 

2.98 
9.16 
6.07 
1.89 
1.04 
.89 

3.27 
4.02 
2.11 
1.35 
.91 


1.72 
5.66 
8.70 
3.61 
1.36 
1.07 
.78 

2.77 
10.22 
7.00 
2. 18 
1.16 
1.03 

2.07 
4.49 
2.43 
1.56 
1.02 


a  The  results  for  1896  and  1899,  as  previously  published,  were  in  error. 
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>IADISON  RIVER  NEAR  REDBLUFP,  MONT. 

This  station  is  located  at  the  ranch  of  the  observer,  Mrs.  S.  A.  Black, 
4  miles  below  the  Redbluff  iron  county  bridge  over  the  Madison,  and 
about  1^  miles  below  the  mouth  of  Cherry  Creek.  It  is  also  about  3 
miles  below  the  location  of  the  old  Redbluff  station,  described  in 
Bulletin  No.  131,  on  page  18.  It  was  established  May  2, 1897,  at  which 
time  the  one  at  Threeforks  was  discontinued.  The  vertical  ^age  is 
fastened  to  a  post  set  firmly  into  the  bed  of  the  river,  and  braced  with 
cross-pieces  from  the  bank.  Discharge  measurements  are  made  from 
the  iron  bridge  above.  Cherry  Creek  is  measured  at  the  same  time, 
as  it  enters  between  the  gage  and  the  bridge.  The  initial  i>oint  for 
soundings  is  at  the  left  abutment  of  the  bridge.  The  banks  are  high 
and  do  not  overflow.  The  bed  of  the  stream  is  rocky  and  the  current 
is  quite  swift.  The  following  are  the  discharge  measurements  made 
during  1902  by  II.  B.  Waters: 

April  39:  Gage  height,  1.40  feet;  discharge,  1,485  second-feet. 
July  18:  Gage  height,  1.74  feet;  discharge,  2,403  second-feet. 
Jnly  18:  Gage  height,  1.74  feet;  discharge,  3.426  second-feet. 
September  4:  Gage  height,  1.31  feet;  discharge,  1,424  second- feet. 

Daily  gage  Jieight,  in  feet,  of  Madi^ton  River  near  Redbluff,  Mont, 


1 

Day. 
1902. 

Mar. 

1  (a\ 

2 t 

8 

1 
(a\ 

4 

5 

6 

7 

8 

9 

10 

11 

.....'   ra) 

12 ! 

13 

14 ' 

15 

16 ' 

17 

'   («) 

1 

18 

-------------------  •---  — ,   — . 

19 

20 

21 

22 

(a) 

28 

1.00 

24 

1.00 

21 

1.00 

26 

1.00 

27 

1.00 

28 

1.00 

2B 

1.00 

30 

1.00 

81 

-  ...   1.00 

Apr. 

May. 

1.00 

1.40 

1.00 

1.40 

1.20 

1.4G 

1.20 

1.40 

1.20 

1.40 

1.30 

1.43 

1.30 

1.45 

Jane.     July. 


1.30 

1.30 

1.30 

1.30 

1.30 

1.30 

1.30 

1.30 

1.80 

1.80 

1.85 

1.86 

1.40  , 

1.40  I 

1.40  I 

1.40 

1.40 

1.50 

1.50 

1.50 

1.50 

1.50 

1.40 


1.50 
1.50 
1.50 
1.60 
1.70 
1.80 
1.90 
S.05 
2.20 
2.20 
2.20 
2.17 
2.10 
2.01 
1.90 
1.90 
1.90 
2.00 
2.15 
2.40 
2.00 
2.70 
2.85 
3.00 


8.00 

8.00 

2.75  , 

2.51 

2.60 

2.46 

2.35 

2.86 

2.55 

2.85  , 

2.96  , 

2.96  I 

2.90  I 

2.90  I 

2.80  [ 

2.60  ' 

2.85 

2.25 

2.10 

2.20 

1.90 

1.90 

1.95 

2.00 

2.00 

2.10 

2.00 

1.90 

1.90 

1.90 


1.96 

2.00 

2.00 

2.10 

2.00 

2.00 

1.96 

1.90 

l.HO 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 

1.75 

1.70 

1.70 

1.70 

1.70 

1.60 

1.56 

1.50 

1.50  , 

1.50  i 

1.50 

1.50 

1.45 

1.40 

1.40 


Ati«.      Sept.  I    Oct.    I    N 


1.70 

1 

i.a) 

1.70 

i.ao 

1.70 

1.3D 

1.60 

1.80 

1.56 

1.80 

1.50 

1.20 

1.40 
1.40 
1.40 
1.86 
1.80 
1.80 
1.80 
1.30 

i.ao 

1.30 
1.30 
1.80 
1.80 
1.30 
1.80 
1.80 
1.80 
1.30 

i.a) 

1.80 
1.3D 
1.80 
1.80 
1.20 
1.20 
1.20 
1.80 
1.80 
1.80 
1.20 

I.ao 


1.80 

I.ao 

1.3D 
1.30 
1.80 
1.30 

I.ao 

1.80 
1.80 
1.80 
1.30 
1.80 
1.80 
1.80 
1.80 

I.ao 

1.80 
1.30 

I.ao 
I.ao 
I.ao 
I.ao 

1.30 

I.ao 

1.30 
1.30 
1.80 
L80 
1.80 
1.80 


1.30 

i.an 

1.90 
1.90 
1.30 

I.ao 
I.ao 
I.ao 
I.ao 
I.ao 

1.30 

i..3n 

1.30 
1.30 
1.30 

i.a> 

1.30 
1.30 
1.30 
1.30 
1.30 

I.ao 
I.ao 

1.30 
1.90 

i.ao 

1.30 

I.ao 
I.ao 

1-30 


.1 


OT. 


I.ao 
i.ai 
I.ao 
Lao 

1.3* 
1.30 
1.30 
1.33 


a  Biver  frozen  at  gage  January  1  to  March  23,  and  November  9  to  December  31. 
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Hating  table  for  Madison  Rwer  near  JRedbluff,  Mont.,  for  19()J. 


h^/^t.     ^^r^.      h«SS 


Fret. 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 


>««     I 


Srr<md-fett. 

010 
1,025 
1.1  Vo 
1 ,  360 
1,570 
1,815 


1.6 
1.7 
1.8 
1.9 
3.0 
2.1 


Discharge.      ^^^    '  Discharge.  ||   j^«^«       DiBcharge 


Qage 


Secitnd-feei . 
2, 075 
2, 335 
2,600 
3,880 
3.160 
3,450 


Feet. 
2.2 
2.3 
3.4 
2.5 
3.6 


A.   I 


Second-feet. 
3,745 
4, 035 
4,345 
4. 655 
4,935 
5, 230 


Feet. 
2.8 
3.9 
3.0 
3.1 


,  Sevond-feet . 
j      5.540 
I       5,840 
6,140 
6,440 


Estivutted  vumthly  discharge  of  Madison  River  near  Redbluff,  Mont, 

[Drainage  area,  2,0K5  square  mile».] 


Discharge  In  second-feet. 


Month. 


Maximnm. 


\ 


1902. 
March  23  to  31  . 

April     

May 

Jnne 

July 

August 

SeiiteinlH^r 

October  _ 

November  1  to  8 


2, 075 
6,140 
6,440 
3,450 
1 ,  570 
1.360 
1,360 


Minimum. 


910 
1,570 
3,880 
1,570 
1,175 
1,360 
1,360 


Mean.    ' 


Total  in 
acre-feet. 


910 
1,436 
3,001 
4,336 
3,4a5 
1,361 
1,360 
1,360 
1,360 


16,345 

85,448 

184, 524 

358,010 

149, 733 

88,685 

80, 936 

83, 638 

31,580 


Run-off. 


Second-feet 

per  square 

mile. 


Depth  in 
inches. 


0.44 

.69 
1.44 
3.08 
1.17 

.65 

.65  . 

.65 

.65 


0.15 

.77 

1.66 

3.32 

1.35 

.75 

.73 

.75 

.19 


JEFFERSON   RIVER  AT  SAPPINGTON,  MONT. 

Tlie  station  on  this  river  is  located  at  Sappington,  7  miles  above 
Willow  Cret^k,  and  was  established  by  Arthur  P.  Davis  November  13, 
18I»4.  The  wire  gage  is  fastened  to  the  guard  rail  on  the  upper  side 
of  the  Northern  Pacific  Railway  bridge,  1  mile  north  of  the  railroad 
station.  Bench  mark  No.  1  consists  of  a  6-inch  wire  nail  driven 
horizontall}'  in  the  east  side  of  the  blocking  which  forms  the  south 
abutment  of  the  railroad  bridge  and  is  0.90  feet  above  gage  datum. 
Bench  mark  No.  2  is  a  6-inch  wire  nail  in  a  telegraph  pole,  about  30 
feet  south  and  ea«t  of  the  south  abutment  of  the  bridge,  and  is  at  an 
elevation  of  7  feet  on  the  gage.  Bench  mark  No.  3  is  the  head  of  the 
northwest  bolt  fastening  the  switch  standard  to  the  cross-tie,  30  feet 
east  of  the  bridge.  Its  elevation  is  15.67  feet.  On  November  3,  1897, 
the  rod  was  lowered  eight-tenths  of  a  foot,  the  subsequent  years 
being  adjusted  to  the  new  datum,  but  the  balance  of  1897  was  cor- 
rected to  agree  with  old  datum.     Discharge  measurements  are  made 
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from  a  cable  and  ear  installed  a  short  distance  above  the  bridge.     The 
following  measurements  were  made  during  1902  by  H.  B.  Waters: 

April  16:  Gage  height,  2.10  feet;  discharge,  1,181  second-feet. 
May  27:  Gage  height,  4.90  feet;  discharge,  5,940  second-feet. 
July  15:  Gage  height,  2.99  feet;  discharge,  2,534  second-feet. 
August  1 :  Gage  height,  2.03  feet;  discharge,  1 ,137  second-feet. 
August  29:  Gage  height,  1.67  feet;  discharge,  663  second-feet. 

Daily  gage  height,  in  feet,  of  Jefferson  River  at  Sappington,  Mont. 


Day. 


190^. 


Jan. 


(a) 


1 

t \ 

3. i 

4 

5 jfta.fio 


Fob.  ,  Mar. 


3.30  1 


6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
Zi 
24 
25 
26 
27 
28 
29 
30 
31 


Apr. 

May. 

1.80 

3.20 

1.85 

3.20 

2.00 

3.20 

2.  a) 

3.20 

2.10 

3.10 

2.20 

3.  a) 

2.10 

2.90 

3.90  ; I    2.20 

' I    2.10 

' 2.80 

b3.20  L. ' '    2.25 

2.10 
2.00 
2.20 
1.95 
2.00 
2.10 
2.10 
2.20 
2.40 
3.20 
3.65 
3.00 
3.60 
3.60 
3.a5 
3.30 
3.30 
3.30 
3.20 


!             1 

1        "  1        ■'  1 

..         _     _                     .«_ -----I         _--. 

' :    3.40  ! 

' 1 

1                      1 

1                                   1 

' 

'       '       i 

1           ! 

! 

■ \    3.40  ' 

1         ;         1 

3.40 


2.00 
l.iJO 


2.90 
3.25 
3.55 
3.85 
4.05 
4.10 
4.30 
4.65 
5.20 
5.50 
5.40 
5.10 
5.00 
5.00 
4.80 
4.60 
4.75 
4.80 
4.8»» 
4.85 
5. 15 
5.  (JO 
6.25 
6.80 


June. 


6.50 
6.60 
6.30 
5.90 

5.:« 

5.10 
4.70 
4.65 
4.60 
4.60 
4.70 
6.10 
5.10 
5.10 
5.10 
4.96 
4.70 
4.10 
3.80 
3.65 
3.45 
8.30 
3.20 
3.20 
3^20 
3.15 
3.10 
3.10 
3.10 
3.20 


July. 


3.20 
3.20 
3.20 
8.56 
3.90 
4.20 
4.10 
3.85 
3.00 
3.55 
3.30 
3.20 
3.16 
3.00 
2.95 
2.75 
2.70 
2.66 
2.65 
2.80 


Aug. 


2.15 
2.00 
2.00 
1.90 
1.80 
1.80 
1.45 
1.35 
1.45 
1.60 
1.50 
1.50 
1.65 
1.70 
l.Tt) 
1.70 
1.70 
1.80 
1.80 
1.90 


Sept, 


2.70 

1.85 

2.65 

1.80 

2.50 

1.70  ' 

2.50 

1.70  ! 

2.40 

1.70  ' 

2.35 

1.70 

2.30 

1.70 

2.20 

1.70 

2.20 

1.70 

2.10 

1.60 

2.10 

1.00 

i.0r) 

1.00 

1.40 
1.55 

1.00 

1.00 
1.65 
1.70 
1.70 
1.70 
l.ft5 
1.60 
1.00 
1.00 
1.00 
1.60 
1.60 
1.65 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.76 
1.80 
1.80 
1.80 


1.80 
1.80 
1.80  ' 
1.80  I 
1.86  j 
1.90  I 
1.90 
1.90  ' 
1.90 
1.90  I 
1.90  . 
1.90 
2.00  ' 
2.00  I 
2.00 
2.  GO 
2.00  j 
2.00 
2.00 
2.00  ! 
2.00  , 
2.00  I 
2.00  ^ 
2.00 
2.10  I 
2.10  1 
2.10 
2.10 
2.10 
2.10 
2.10 


2.10 
«.10 
2.10 
2.15 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.25 
2.30 
2.90 
2.35 
2.40 
2.40 
2.40 
2.40 
2.50 
2.50 
2.45 
2.40 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 


n  Weekly  observations  daring  January,  February,  and  March. 


<>  Ice  at  gage. 


Rating  table  for  Jefferson  River  at  Sappington,  Mont.,  for  190.* 


r>e<\ 


2.40 
2.40 

tm 

2.50 

±ai 

2  550 

2..W 
t.W 

2,  at 

i5i» 

2.a» 

2.51) 
2.40 

2,a» 
2.  a) 

2. 3D 
2.31) 
2.3) 
3.aD 
2.30 
2.3fJ 
2.40 
2.*» 
2.40 
2.#i 
2.40 
2  40 
2.4() 


h^igTt.   \  Di«cha^*re. 


^^i^X.  i  Di«<-harge. 


Feet. 

Second-feet. 

Feet. 

1  Secnnfi-feet . 

1.4 

510 

2.8 

2, 230 

1.6 

685 

3.0 

2, 550 

1.8 

875 

3.2 

2,870 

2.0 

1,090 

3.4 

1       3,205 

2.2 

1,335     , 

3.6 

3. 550 

2.4 

1,610 

3.8 

3,905 

2.6 

1,915 

4.0 

4, 270 

Oage 
height. 

Feet. 
4.2 
4.4 
4.6 
4.8 
5.0 
5.2 
5.4 


Discharge. 

Oage 
height. 

Discharge. 

Second-feet.' 

Feet. 

Secand'frei 

4,640     1 

5.6 

7,3a5 

5,000     ' 

5.8 

7,695 

5,365 

6.0 

8,085 

5,750 

6.2 

8,475 

6.140 

6.4 

8,865 

6,525    ' 

6.6 

9, 255 

6,915     , 

, 
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Estimated  nionthlt/  dincliarge  of  Jefferson  River  at  Sappington,  Mont, 

[Drainage  area.  8,984  square  miles.] 


DiHcharge  in  second-feet. 


Month. 


1902. 
April     

May  ....     . 

June .      

Jnly  -  - 

An^nst 

September  _ 

October 

November . . 
December  . . 


Maximam.  I  Minimum. 


Mean. 


3,550 
9, 255 
9.060 
4,640 
1,150 
875 
1,210 
1,755 
1,755 


875 

2,390 

2,710 

1,210 

485 

645 

875 

1,210 

1,470 


1,875 
5,028 
5,081 
2,502 
801 
739 
1,059 
1,460 
1,630 


Total  in 
acre-feet. 


111,570 

309, 160 

302,340 

153, 842 

49, 252 

43, 974 

65,115 

86,876 

100, 225 


Run-off. 


Second-feet 
xnf 


per  square 
nile. 


0.21 
.56 
.57 
.28 
.09 
.08 
.12 
.16 
.18 


Depth  in 
inches. 


0.23 
.65 
.64 
.32 
.10 
.09 
.14 
.18 
.21 


Miscellaneons  metuturenientH  in  Missouri  River  drainage  basin. 
[Made  by  B.  E.  Forbes,  J.  C.  StevenH,  Adna  Dobeon,  A.  B.  Crane,  and  H.  B.  Watern.] 

NEBRASKA. 


Date. 

1902. 
Ang^tist  9  - . . 


Stream. 


Locality. 


Dis- 
charge. 


Long  Pine 
Valentine  . 


Long  Pine  Creek 

March  22  _ . . '  Minnechaduza  Creek 

April  11 I do I  Sec. 29, T. 35, R. 30  W 

Do do Sec.  2,  T.  34,  R.  30  W  . 

Do ..do ...I  Sec.8,T.34,R.29W  . 

Do-. -.' do Sec. 30, T. 34, R. 38 W 

April  12 

Jnne  5 

Jtay4. :. 

July  20-. 

August  20 

March  22 

April  12. 

June  3  - 


do Valentine 

do do  ... 

do .'.. do  ... 

do do  _.. 


June  15 

July  4 

July  20 

June  2 

August  20 . . 
November  8 


do ..I do 

I 
Niobrara  River Fort  Niobrara 

do  - do 


do W.  line  sec.  26,  T.  29,  R. 

46  W. 

do Fort  Niobrara 

do do 

do .   ' do 

WhiteRiver ..     Sec.34,T.32,R.52W  ... 

do Sec. 25, T. 32, R. 52  W  ... 

Big  Sioux Sioux  Falls,  S.  Dak 


Sec-feet. 
49.7 
38.1 
14.9 
17.3 
26.0 
33.8 
38.3 
23.1 
27.4 
22.7 
23.8 

1.226 
877 
25.4 

588 

714 

705 
64.9 
10.4 
46.4 


IRR  84—03- 
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Miscellaneous  meaHnrements  in  Missouri  Miver  drainage  basin — Continued. 


Date. 

1902. 
Angiist  28 . 
Do... 


MONTANA. 


StivAm. 


Crow  Creek. 
do 


Locality 


Radersburg 
do 


heigrnt. 


I>i»t'h«r|{v. 


Feet.      .     Sertnid-fpt  t . 
1.85   )  IS.  14 

1.85   '  IS.^I 


pijATT>:  mvKR  j:>rainagk  basi:n^. 

The  l^latte  River,  one  of  the  largest  tributaries  of  the  Missiuiri,  is 
foi'med  by  the  junction  of  the  North  and  South  Platte  rivei's  in  Lin- 
coln County,  Nebr.,  and  flows  east  into  the  Missouri  River  18  miles 
south  of  Omaha,  Nebr.  The  principal  tributaries  of  the  Platte  in 
Nebraska  are  the  Elkhorn  and  the  Loup  rivers.  The  Elkhorn  River 
rises  in  the  northern  part  of  Nebraska  and  flows  southeast  iuto  the 
Platte  about  35  miles  above  its  mouth.  The  North,  Middle,  and  S<iuth 
Loup  rivers,  with  their  tributaries,  drain  north  central  Nebraska  and 
join  the  Platte  River  near  Columbus,  Nebr. 

The  North  Platte  River  rises  in  northern  Colorado,  flows  north  into 
Wyoming  and  then  east  into  Nebraska.  The  Sweetwater  and  the 
Laramie  rivers  aro  its  principal  tributaries.  The  Sweetwater  joins 
it  from  the  west  in  south  central  Wyoming.  The  Laramie  River  rise^j 
in  the  northern  part  of  Colorado  and  flows  north  into  the  North  Platte 
in  eastern  Wyoming.  The  Little  Laramie  is  a  small  tributary  of  the 
Laramie  River  in  southern  Wyoming. 

The  South  Platte  River  rises  in  central  Colorado,  flows  north,  then 
east  to  its  junction  with  the  North  Platte  River.  Its  tributaries  aiv 
mostly  small  creeks.  Big  Thompson  Creek  joins  it  8  miles  south  of 
Greeley,  Colo.  St.  Vrain  Creek  joins  it  about  15  miles  south  of  Gree- 
ley. Clear  Creek  joins  it  about  3  miles  north  of  Denver,  and  Bear 
Creek  8  miles  south  of  Denver. 

The  following  list  includes  the  stations  in  the  Platte  River  drainage 
basin: 

Elkhorn  River  near  Arlington,  Nebr. 

Elkhorn  River  near  Norfolk,  Nebr. 

Loup  River  at  Columbus,  Nebr. 

Platte  River  near  Columbus,  Nebr. 

Platte  River  near  Lexington,  Nebr. 

North  Platte  River  at  North  PI  itte,  Nebr. 

North  Platte  River  at  Bridgeport,  Nebr. 

North  Platte  River  at  Mitchell,  Nebr. 

North  Platte  River  at  Guernsey,  Wyo. 

Little  Laramie  River  at  Mays  Ranch,  near  Hatton.  Wyo. 

Sweetwater  River  near  Splitrock,  Wyo. 
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South  Platte  River  at  Bigspring,  Nebr. 
South  Platte  River  at  Jiilesburg,  Colo. 
Middle  Crow  Creek  near  Hecla,  Wyo. 
South  Platte  River  at  Kersey,  Colo. 
Big  Thompson  Creek  near  Arkins,  Colo. 
St.  Vrain  Creek  at  Lyons,  Colo. 
Clear  Creek  at  Forkscreek,  Colo. 
Sonth  Platte  River  at  Denver,  Colo. 
Bear  Creek  near  Morrison,  Colo. 
South  Platte  River  at  South  Platte,  Colo. 

ELKHORN   RIVER  NEAR  ARLINGTON,  NEBR. 

The  station  at  ArlingtfOn,  Nebr.,  was  established  by  Glenn  E.  Smith 
April  28,  1899,  and  is  located  at  the  wagon  bridge  1  mile  west  of  the 
town  of  Arlington.  The  original  rod  was  fastened  to  cross-ties,  which 
are  solidly  bedded  in  the  river  bank.  It  consisted  of  a  new  oak  stake 
3  by  4  inches  and  12  feet  long.  It  was  placed  200  feet  downstream 
from  the  bridge  on  the  west  bank  of  the  river.  Bench  mark  No.  1  is 
a  large  spike  driven  in  a  pile  50  feet  upstream  from  the  rod,  and  is 
6.36  feet  above  gage  datum.  Bench  mark  No.  2  is  a  large  spike  driven 
in  a  piling  20  feet  back  and  10  feet  upstream  from  the  rod,  and  is  9.12 
feet  above  gage  datum.  Bench  mark  No.  3  is  a  vertical  spike  driven 
into  a  small  leaning  tree  5  feet  downstream  from  the  rod,  and  is  7.43 
feet  above  gage  datum.  On  Maj'  10,  1899,  the  rod  was  washed  out; 
on  May  29  it  was  replaced  by  an  oak  rod  2  by  6  inches  and  16  feet 
long.  This  rod  was  placed  on  the  same  bank  as  the  first  rod,  but  was 
set  25  feet  farther  upstream.  The  gage  datum  was  not  changed. 
Mike  Hammang,  a  farmer  living  about  300  yards  from  the  gage  rod, 
is  the  observer. 

Di^ichitrge  meiisurementH  of  Elkhoini  River  near  Arlington,  Nebr, 


Date. 


Hydroyrapher. 


1902. 

March  19 J.  C.  Stevens  and  B.  E.  Forbes. 

April  14 J.  C.  Stevens 

I>o , do  .  - 

June  17 -   -  ' do 

July  7.- do    .- 

July  29 -do _ -. 

August  22 do 

September  10 do 

I>o-- do  _. -_ 

October  4 - ,  J.  C.  Stevens  and  Ferd  Bonstedt 

Do --- -do 


hS^t.   I  I>i«chari?e. 


Feet. 
1.85 
2.15 
2.15 
1.85 
6.29 
3.57 
3.75 
2.10 
2.10 
4.79 
4.78 


Sec-feet. 

771 

920 

928 

743 

4,363 

1,402 

1,388 

805 

796 

2,676 

2,661 
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8TRKAM   MEASUREMENTS    IN   1902,   PART   III. 
IMtily  gage  height y  in  feet,  of  Elkhom  River  near  Arlitigton,  Nebr, 


[Nt».  M. 


Day. 


1002. 


Mar.  I  Apr.      May.  I  June.     July. 


1 

1 

2 

8 ' 1 

4 ' ! 

5 ' 

6 ' 

7      

1 
8 

9 

'     («) 

10 

'      3.74  ' 

11 

3.34 

12 

3.17  , 

13 

1              1 

i      3.19 

U 

1 
1      3. 36 

15 

. 8. 37] 

16 

3.02 

17 

3.83' 

18 

(a)      1 

19 

(a)      t 

20 

'      2.25 

21 

!      2.82 

22 

!      2.71  1 

23 

1 
2.67  1 

24 

25    

2.42, 

2.36 

26 

;      2.36 

27 ..... 

'      2.28  t 

28 

1  1 
2.22  1 

29      

2.23 

30 

2.21 

31 

2.18 

1 

2.24 
2.39 
2.51 
2.78 
2.89 
2.83 
2.75 
2.67 
2.62 
2.50 
2.39 
2.32 
2.21 
2.12 
2.13 
2.12 
2.07 
1.98 
1.96 
1.91 
1.84 
1.80 
1.77 
1.79 
1.75 
1.82 
1.92 
1.95 
2.11 
2.65 


I 


3.20 
3.23 
3.30 
3.12 
2.71 
2.44 
2.31 
2.23 
2.15 
2.14 
2.08 
2.00 
2.01 
2.02 
1.96 
1.88 
1.87 
1.82 
1.77 
1.76 
1.80 
1.85 
1.93 
1.98 
2.00 
1.95 
1.89 
1.92 
1.90 
1.94 
1.90 


1.90  I 
1.88  I 
1.82  < 
1.72  I 
1.82 
1.88  ' 
1.75 
1.74 
1.99  ' 
2.86  ' 
2.76  I 
2.60 
2.31 
2.14  1 
2.10  I 
1.93  , 
1.82  1 

1.91  I 
2.27  I 
2.44  \ 
2.15 

1.92  ' 
1.81  I 
1.75  i 
1.72  ' 
1.61 
1.60 
1.58 
1.70  I 
1.74' 


1.80 
1.99 
2.20 
2.85 
3.57 
5.80 
6.17 
5.90 
8.16 
9.10 
8.78 
7.85 
7.66 
7.41 
0.10 
5.85 
5.52 
6.11 
7.11 
7.15 
6.92 
6.60 
6.69 
4.71 
4.06 
4.30 
4.22 
8.88 
8.51 
8.12 
3.66 


Aug. 

Sept. 

4.96 

3.47 

4.16 

3.12 

8.37 

2.80 

3.00 

2.84 

2.75 

2.52 

Oct. 


Nov.    '  Dec. 


"I" 


I 


2.56 

2.86 

2.21 

2.14  I- 

2.00 

1.95 

1.82 

1.88 

1.81 

2.25 

4.97 

5.50 

4.29  ' 

8.59  I 

8.0B 

2.70  ' 

3.80  I 

3.44 

8.90  I 

4.18  I 

4.57  { 

5.18 

5.23  I 

5.06  I 

5.57 

8.90  I 


2.40 

2.24 

2.20 

2.17 

2.00 

1.97 

1.94 

1.90 

1.80  I 

1.76  ! 

1.72 

1.88  : 

1.81 

1.56  I 

1.54  , 

2.06 

2.80 

3.25 

3.69 

3.58 

3.40 

3.45 

8.57 

a48 

a9e 


4.20  ' 

5. 15  I 

5.07 

4.80  ' 

4.73  I 

4.00 

4.39 

4.26 

4.17 

4.06 

4.01 

4.54 

5.14 

5.10 

4.71 

4.28 

4.02 

3.86 

3.72 

8.85 

8.40 

3.42 

3.80 

a29 

3.22 

3.16 

3.06 

2.96 

2.95 

2.91 

2.88 


2.88 
S.86 
2.76  , 
2.75 
2.72 
2.97 
2,f&  ) 
2.58  , 
2.QD  I 
:e.58 

2.82 

2.K7 

a  80 

3.16 
2.88 
2.76 
2.64 
2.58 
2.55 
2.47 
3.50 
2.47 
2.46 
2.36 
2.82 
2.28 
2.26 
2.24 
2.14 


2.01 
2.111 


o  Operations  discontinued  from  January  1  to  March  10,  and  from  December  8  to  31,  on  aoconnt 
of  ice. 

Rating  table  for  Elkhom  River  near  Arlington,  Nebr.,  for  190^. <^ 


•  Gage 
height. 

Diflcharge. 
Second-feet. 

Gage 
'  height. 

Feet. 

DiHcharge. 
Second-feet. 

Gage 
height. 

'               r 

1  Discharge. 

1 

Second-feet. 

Gaffe 
height. 

1 
DischjtrfTP. 

1 
Seronti-feft , 

Feet. 

Feet. 

Feet. 

0.4 

29S 

^  0 

740 

3.6 

1,706 

5.2 

3,»98 

.6 

276 

833 

3.8 

1,882 

5.4 

3,656 

.8 

iV22 

2.4 

932 

4.0 

2,067 

5.6 

3, 925     ' 

1.0 

]7.") 

2.6 

1,037 

4.2 

2,263 

5.8 

4,2()3 

1.2 

43.5 

2.8 

1,149 

4.4 

2,469  , 

6.0 

4,4©4 

1.4 

501 

3.0 

1,268 

4.6 

2,686 

6.2 

4,797 

1.6 

1            574 

.3.2 

1,393 

4.8 

2,913 

1         1.8 

654 

3.4 

1 

1,542 

1 

5.0 

8,150 

1 

a  This  table  was  applied  indirectly  according  to  the  method  outlined  on  p.  828  of  N'inetctenth 
Ann.  Rept.,  U.  S.  Geo!.  Surv.,  pt.  4. 
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Estimated  monthly  (Uncharge  of  the  Elkhorn  River  near  Arlington,  Nebr. 

[Draioase  area,  5,960  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maximum. 


1902. 
March,  IH  days 

April 

May  _  _ 

June 

Jnlv  - -- 

Angtist . 

September 

October 

November 


1,342 
1,640 
1,220 
9,568 
3,114 
1,846 
3, 199 
1,463 


Minimum. 


731 
718 
465 
585 
471 
530 
1,161 
804 


Mean. 

Total  in 
acre-feet. 

1,251 

44,664 

974 

57,960 

931 

57,240 

781 

46,465 

3,633 

223, 350 

1,453 

89,341 

1,001 

59, 560 

2,034 

125, 050 

1,051 

1 

62, 530 

Run-off. 


Second-feet 

per 
square  mile. 


0.21 
.16 
.16 
.13 
.61 
.29 
.17 
.34 
.IH 


Depth  in 
inches. 


0.14 
.18 
.18 
.14 
.69 
.33 
.19 
.39 
.19 


ELKHORN  RIVER  NEAR  NORFOLK,  NEBR. 

The  gaging  station  established  July  16,  1896,  is  located  about  2 
miles  south  of  Norfolk,  Nebr.,  near  the  line  of  Thirteenth  street 
extended.  The  gage  is  on  the  left  bank  of  the  river.  It  consists  of 
an  inclined  oak  piece,  2  by  4  inches,  12  feet  long,  resting  on  beveled 
blocks  which  rest  in  turn  on  horizontally  bedded  cross-ties.  All  are 
firmly  fastened  together  by  lag  screws.  The  zero  of  the  gage  is  8.21 
feet  below  a  small  spike  driven  horizontally  into  a  tree  near  the  root, 
about  20  feet  back,  and  downstream  from  the  gage.  Also,  the  zero 
of  the  gage  is  3.96  feet  below  the  head  of  a  lag  screw  which  is  placed 
vertically  in  the  horizontal  trunk  of  a  large  living  willow  tree  which 
overhangs  the  stream  about  15  feet  below  the  gage.  Bench  mark  3  is 
a  standard  4-foot  i/on  pipe  of  the  United  States  Geological  Survey, 
located  35  feet  west  and  7  feet  north  of  the  top  of  the  gage,  and  15.5 
feet  west  of  the  ash  tree  on  which  is  bench  mark  1.  Its  elevation  is 
10.70  feet  above  the  zero  of  the  gage.  The  observer  is  Harold  Taft,  a 
farmer  boy,  whose  home  is  about  300  yards  from  the  gage.  The  river 
bed  at  the  station  is  composed  of  sand  and  mud. 
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STREAM   MKAauilEMENTB    IN    1902,   PART   III. 


[so.  s<L 


Discharge  ineasureinents  of  Elkhorn  River  near  Norfolk ,  Nebr. 


Date. 


Hydrographer. 


1902 

March 21 ...I  J. C. Stevens 

AprillS do 

May  12 : do 

June  16 1 do 

Julys.. do 

July  26- I do 

August  22 ' do 

I 
September  29 i do    

November  14 ' do 


,*X_      Dtocharge. 


heig 

Feet. 
2.39 
2.22 
2.16 
2.54 
4.36 
2.45 
1.78 
5.65 
2.34 


I  Sevond-fret . 

570 

534 

!  483 

1  551 

1.376 

475 
!  296 

\  2.4»7 

502 


1.... 
2— . 
3... 
4.... 

6-... 

6..-. 

7.-.. 

8.... 

9.... 
10.... 
11.... 
12-... 
13.... 
U.... 
16... 
16-... 
17.... 
18.... 
19.... 
20.... 
21.... 
22... 
23... 
24... 
25.... 
28... 
27.... 
28.... 
29.... 
30.... 
31.... 


Daily  gage  height,  in  feet,  of  Elkhorn  River  n^ar  Norfolk^  Nebr, 


Day. 


!  Mar. 


Apr.   I   May.     Jane. 


19(12. 


2.5.-) 
2.  GO 
2.82 
2.75 
2.72 
2.72 

(«) 
(«) 
(o) 

(«) 

2.65 
2.52 
2.45 
2.42 
2.38 
2.40 
2.40 
2.40 
3.45 
2.38 
2.35 
2.30 


2.95 

3.25 

3.45 

3.20  I 

3.20  I 

2.97  1 

2.90 

2.85 

2.80  I 

2.70  I 

2.50  ' 

2.32 

2.20 

2.15 

2. 15 

2.12 

2.13 

2.15 

2.13 

2.10 

2.15 

2.10 

2.10 

2.01 

2.00 

2.20* 

2.35 

2.35 

2.45 

2.50 


2.55 
2.60 
2.60 
2.55 
2.55 
2.50 
2.  SO 
2.4o 
2.40 
2.30 
2.25 
2.20 
2.20 
2. 15 
2.10 
2.15 
2.20 
2.30 
2.60 
2.80 

2.a5 

2.80 
2.75 
2.75 
2.70 
2.60 
2.61 
2.61 
2.60 
2.55 
2.55 


2.50 
2.35 
2.20 
2.10 
2.95 
3.07 
2.50 
2.55 
2.50 
2.40 
2.35 
2.20 
2.10 
2.40 
2.40 
2.70 
2.80 
2.75 
2.70 
2.61 
2.50 
2.30 
2.22 
2.12 
1.95 
1.85 
1.82 
1.80 
1.75 
1.75 


July. 

Aug. 

1 

i.eo 

1 
1.90 

3.11 

1.90  1 

1      4.48 

1.85  1 

4.00 

1.85  1 

'      8.55 

1.83 

3.05 

1.81 

Sept.       Oct.        Nov 


2.35  ! 


2.90 
2.72 
2.80 
2.85 
2.85 
2.90 
2.90 
3.40 
4.00 
3.85 
3.55 
3.85 
3.00 
3.40 
3.25 
3.  (ft 
2.90 
2.85 
2.60 
2.49 
2.40 
2.00 
2.19 
2.10 
2.00 


1.80 
1.79 
1.77 
1.75 
1.75 
1.73 
1.70 
1.68 
1.65 
1.70 
l.TO 
1.73 
1.75 
1.75 
1.78 
1.80 
1.85 
3.00 
2.63 
8.78 
2.90 
3.00 
2.60 
2.10 
2.10 


2.70 

2.50 

2.40 

2.10 

1.90 

1.95 

1.97 

1.95  I 

1.99  I 

2.00  I 

2.01  i 
2.00  I 
1.98  \ 
1.98  \ 
1.90 
1.86  , 
1.85  I 
1.84  , 
2.00  I 
2.35  I 
2.45 
2.37 
2.65 
2.83 
3.10 
3.47 
4.89 
5.69 
6.94 


5.ee 

5.76 

5.52 

5-35 

4.73 

4.60 

4.39 

4. 96 

4,17 

4.06 

4.01 

4.26 

4.10 

o.  oK 

3.66 

3.41 

3.01 

2.97 

3.72 

3.65 

3.4S) 

3.42 

3.39 

3.20 

3.23 

3.16 

8.06 

2.96 

2.95 

2.91 

2.82 


2.88 
2.71 
2.69 
2.® 
2.65 
2.39 
2.58 
2.  rj8 
2.47 
2.47 
2.43 
2.30 
2.21 
2.10 
2.15 
2.08 
1.09 
1.97 
1.SI7 
S.03 
2.08 
2.(» 
2.13 
«1.12 
<«1.:S 
al.36 


aObsenrationH  dincontinued  from  Jan.  1  to  Mar.  9  and  from  Nov.  27  to  Dec.  31  on  acntount  of  ice. 
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Rating  table  for  Elkhorn  River  near  Norfolk,  Nebr.,for  100:2/^ 


Gkti 


h^^t.   I  I>i«chargc. 


Keet. 
0.8 
1.0 
1.2 

1.4 
1.6 
1.8 
2.0 

9    *> 


Second-feet. 
140 
162 
192 
227 
270 
319 
370 
425 


Gaffe 
height. 


Discharge. 


f>et. 

Second-feet 

2.4 

493 

2.6 

575 

2.8 

668 

3.0 

763 

3.2 

860 

3.4 

971 

3.6 

1,087 

3.8 

1,205 

Gage 
height. 

Discharge. 
Second-feet. 

Gage 
height. 

Discharge. 
Second-feet. 

Feet. 

Feet. 

4.0 

1,824 

5.6 

2,480 

4.2 

1.444 

5.8 

2,660 

4.4 

1,570 

6.0 

2,840 

4.6 

1,704 

6.2 

3, 020 

4.8 

1,843 

6.4 

3,200 

5.0 

1,987  I 

6.6 

3,380 

5.2 

2,135 

6.8 

3, 560 

5.4 

2, 300 

1 

n  Tills  table  was  applied  indirectly  according  to  the  method  outlined  on  page  3SS  o^  Nineteenth 
Ann.  Rept.  U.  8.  Geol.  Snrv.,  pt.  4. 

Estimated  monthly  discJiarge  of  the  Elkhorn  River  near  Norfolk,  Nebr. 

[Drainage  area,  2,474  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maximum.  I  Minimum.  '    Mean. 


Rim-off. 


Total  in 
acre-feet. 


1902. 
March.  18  days  . . 

April   

May 

June 

July 

August 

September . 

October 

NoTeinber  1  to  23. 


Second-feet   p^p^h  in 


per 
mi 


squf 
lile. 


inches. 


1,028 
3 


840 
1,462 

729 
2, 750 
2,597 


444 
471 
259 
287 
263 
319 
668 


591 
651 
616 
490 

•no 

354 

642 

1,265 

482 


21,100 
38, 730 
37, 870 
29, 154 
43, 650 
21,764 
38,200 
770 


21,990 


0.24 
.26 
.25 
.20 

■  .29 
.14 
.26 
.51 
.19 


0.16 

.29 

.33 
.16 
.29 
.59 
.16 


LOUP  RIVER  AT  COLUMBUS,    NEBR. 

Observations  at  this  station  were  begun  October  13,  1894. 

This  station  is  located  near  the  iron  bridge  of  the  Union  Pacific 
Railway,  just  west  of  Columbus,  Nebr.  The  observer  is  David  J. 
Mowery,  who  lives  in  Columbus.  The  ga^e  is  50  yards  from  the 
bridge,  and  is  of  oak^  3  by  0  inches,  12  feet  long,  fastened  by  lag 
screws  to  a  pile,  which  forms  part  of  the  training  works  above  the 
bridge.  The  rod  is  vertical.  The  12-foot  mark  on  the  rod  is  7  feet 
below  a  point  2  feet  east  of  the  third  panel  point  of  the  north  truss  of 
the  east  span,  counting  the  end  of  the  span  as  the  first  panel  point. 
Bench  mark  2  is  the  regulation  4-foot  iron  post  of  the  United  States 
(Teological  Survey,  placed  72  feet  east  of  gage  rod.  Its  elevation  is 
13.27  feet  above  zero  of  gage,  (xagings  are  made  from  a  cable  which 
spans  the  stream  about  50  yards  above  the  bridge. 
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[NO.  SL 


Discharge  mea»urenient8  of  Loup  River  at  Columbus^  Nebr. 


Date. 


Hydrographer. 


1902. 

I 

March  8. Frank  Dobson. 

AprillS do 

May  11 1 do 

May  22 J.  C.  Stevens. 

June  1 ' do 

July  11 ' do -. 

August  10 -.-I do 

August  26 ' do 


September  11 ' do 

October  5 J.  C.  Stevensand Ferd Bonstedt. 


Ghige 
height. 

1 

1  Discharge. 

Feet. 

'  Serand-feet. 

5.79 

1              6,826 

4.76 

'            2, 532 

4.81 

'            2, 3fJ3 

5.56 

4.0:39 

4.85 

i            2,58? 

5.59 

6,586 

6.10 

7,685 

5.55 

1           6, 901 

4.48 

2,514 

5.05 

3,156 

Daily  gage  height,  i 

Day. 

Mar. 

1 

1902. 

2 

3 



4 

6 

6..     

7 

8 

5.79 

9.  

5.70 

10 

5.00 

11 

4.70 

12 

.    4.00 

18 

4.70 

14 

4.80 

16 

4.80 

16 

4.80 

17 

4.70 

18 

4.70 

19 

4.00 

20 

4.60 

21 

4.64 

22 

4.65 

23 

4.68 

24 

4.70 

25 

4.80 

26 

4.90 

27 

4.95 

28 

4.97 

20 

5.00 

30 

4.80 

81 

4.70 

Apr. 


4.65 
4.60 
4.65 
4.50 
4.00 
4.80 
4.70 
4.70 
4.70 
4.70 
4.70 
4.  TO 
4.76 
4.76 
4.75 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.75 
4.80 
4.80 
4.80 
4.85 
5.15 
5.10 
5.a) 
4.90 


May.  I  June.  '  July. 


4.80 
4.80 
4.80 
4.85 
4.90 
5.00 
5.10 
5.00 
4.95 
4.90 
4.80 
4.80 
4.90 
5.10 
5.30 
5.80 
5.30 
5.70 
5.90 
6.10 
5.56 
5.56 
5.50 
5.40 
5.36 
5.15 
5.00 
4.95 
4.90 
4.85 
4.85 


I 


4.85  ' 

4.95 

5.00 

5.40 

5.80 

5.90 

5.95 

5.00 

4.90 

4.85 

4.70 

4.65 

4.65  I 

4.00  I 

4.60  I 

4.70  I 

4.65  ' 

4.&5  I 

5.00  I 

5.40  I 

5.00  I 

4.95  , 

4.70  I 

4.80 

4.70  1 

4.60  I 

4.80 

4.80 

5.00 

5.00 


6.(X) 
0.60 
6.80 
6.10 
6.10 
6.05 
0.10 
6.00 
5.90 
6.45 
5.59 
5.25 
5.00 
5.50 
5.25 
5.10 
5.05 
5.10 
6.10 
5.00 
4.90 
4.80 
4.75 
4.70 
4.80 
4.85 
4.80 
4.85 
4.85 
4.85 
4.80 


Aug.  I  Sept. 


4.80 
4.70 
4.60 
4.  GO 
4.55 
4.59 
4.45 
4.40 
5.00 
6.10 
4.90 
4.70 
4.65 
4.62 
4.60 
4.60 
4.60 
5.00 
5.55 
5.50 
5.50 
5.40 
5.40 
5.30 
5.50 
5.56 
5.45 
5.50 
5.59 
5.80 
6.95 


5.40 
5.10 
4.60 
4.55 
4.50 
4.50 
4.  .50 
4.45 
4.45 
4.46 
4.48 
4.45 
4.40 
4.40 
4.85 
4.90 
4.20 
4.40 
4.50 
4.65 
4.80 
5.80 
6.10 
5.10 
5.10 
6.10 
5.40 
5.20 
5.10 
5.05 


Oct.    '   Nov 


5.00 

5.00  ' 

5.00  ' 

5.00 

4.98 

4.D5  I 

4.95  I 

4.90  I 

4.80  , 

4.80  I 

6.00  I 

5.00 

5.50 

5.40 

580 

5.20 

5.10 

5.00 

4.90 

4.90 

4.90 

4.90 

4.90 

4.90 

4.90 

4.90 

4.90 

4.85 

4.85 

4.80 

4.80 


4.79 
4.  A) 
4.«) 
4.86 
4.85 
4.85 
4.90 
4.96 
4.96 
4.96 
4.80 
4.70 
4.65 
4.66 
4.65 
4.60 
4.66 

4.:o 

4.75 

4.8« 
4.8U 
4.811 
4.81 
4.» 
4.85 
4.85 
4.}« 
4.85 
4.85 


o Observations  discuntinued  from  January  1  to  Mar(*li  H,  and  from  November  29  to  December 
31,  on  account  of  ice. 
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Rating  talile  for  Loup  JUvfr  at  Columbtis,  Nebr.,for  19().7.« 


h?^t.   I  I>i«l>»'8«-  I    hSSft.     I>««=l««-Ke- 1|  h?l^t.   '  Dta<.har«e.  i,   ^J^^    \  Dtocharge. 


Ft^f't, 

Second-feet. 

1 

Feet. 

Second- feet.\ 

Feft. 

Second-feet.  , 

rcet. 

Second-feet 

3.8 

1,140 

4.6 

2,040 

5.4 

4,101 

6.2 

6,  760 

3.9 

1,175 

4.7 

2,265     1 

5.5 

4,402 

6.3 

7,134 

4.0 

1,S^25 

1      4.8 

2,500 

5.6 

1       4,712 

6.4 

7,517 

4.1 

1,300 

1       4.9 

2,743 

5.7 

5,031      1 

6.6 

8,311 

4.2 

1,400 

1      5.0 

2,995     ' 

5.H 

5, 358 

6.8 

9,149 

4.3 

1,510 

5.1 

3,258 

5.9 

5, 694 

7.0 

,     10. 025 

4.4 

1,660 

1       5.2 

3,530 

6.0 

6,040     i 

7.2 

10,941 

4.5 

1.825 

5.3 

3.811     1 

6.1 

6, 396     , 

1                    ' 

*^  This  table  wcjb  applied  indirectly  according  to  the  method  outlined  on  page  323, 19tb  Aim. 
Ri'pt.,  U.  8.  Geol.  Surv-,  Pt.  iv. 

Efttimated  monthly  discharge  of  the  Loup  River  at  Vohnnhun,  Nehr. 

[Drainage  area,  13,542  squan")  mileH.]  . 


Discharge  in  second-feet. 


Run-oflf. 


Month. 


Maxiuiiim.  '  Minimum. 


1902. 

March,  34  days 

April -  -  - 

May 

June 

Jnly 

Augn^t 

September 

October  _  _ 

November,  29  days 


Mean. 


Total  in     "      " 
acre-feet.      Second-feet 


Depth  in 


P-r^«a--   '   inches. 


3,206  ' 
7,443  i 
5, 936 
10,895 
8,152 
6,909 
4,712 
2,869 


1,976 
2,203 
2,211 
3,394 
2,463 
1,693 
2,500 
2,040 


3, 343 
2,409 
3,226 
3, 250 
5, 669 
4,767 
8,218 
3,011 
2,501 


159,156 
143,385 
198,334 
193, 375 
348, 530 
293,115 
191,487 
185,116 
143, 859 


0. 25 
.18 
.24 
.24 
.42 
.35 
.24 
.22 
.19 


0.22 
.20 
.2« 
.27 
.48 
.40 
.27 
.25 
.20 


PLATTE   RIVER  NEAR  COLUMBUS,  NEBR. 

This  station  was  established  in  1895,  and  is  located  on  the  left  bank 
of  the  main  channel  of  the  river,  75  feet  above  the  Meridian  bridge 
south  of  Columbus.  It  is  about  4  miles  above  the  mouth  of  the  Loup 
River.  The  gage  consists  of  an  inclined  oak  timber  fastened  to  cross- 
tiefi  which  are  embedded  in  the  bank  of  tlie  river.  The  channel  is 
straight  both  above  and  below  the  gage.  The  bench  mark  is  a  stand- 
ard 4-foot  iron  post  of  the  United  States  Geological  Survey,  and  is 
located  44.5  feet  east  of  the  gage,  60  feet  north  of  the  north  end  of 
the  north  bridge  truss,  and  10  feet  west  of  a  cottonwood  tn»e  6  inches 
in  diameter.     Its  elevation  is  7.06  feet  above  gage  datum. 

The  initial  point  for  soundings  is  the  north  end  of  the  upstream  side 
of  the  bridge. 

David  J.  Mowery,  who  lives  in  (-ohimbus,  is  tlie  observer. 
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STREAM   MEASUREMENTS    IN   1902,   PART   III. 
DtscJiarge  measurements  of  Platte  River  neftr  ColumhuH,  Nebr. 


[ko.  84. 


Date. 


Hydrographer. 


1902. 

1 

March  8 _ i  Frank  Dobson . 

Aprill8 do 

May  11 \ do 

May  22 J.  C.  Stevens 

June  1 ' do 

1 

July  11 do 

August  10 ' do _ 

August  26 do - 

September  11 1 do *.. 

October  5 J.  C.  Stevens  and  Ferd  Bonatedt. 


OaKB 
height. 

1 

1  Discharge. 

1 

Feet. 

St'ctntd-fert, 

3.39 

5.664 

2.22 

'                996 

2.37 

l,69o 

3.a5 

'            8. 447 

1 

3.39 

5,  S.j2 

3. 55 

6,99-2 

1.31 

350 

1.60 

.W6 

.50 

5 

2.50 

1 ,  its9 

1 

Daily  gage  height^  in  feet^  of  Platte  River  near  Columbiui,  Nebr. 


Day. 

Mar. 

Apr. 

May. 

1902. 

1 

1 

1 

2.80 

2.eo 

2.40 
2.30 

2.30 
2.25 

2 

1 

3 

2.20  ' 

4 

1 

2.40 

5 

1 

2.35 
2.10 
.?.15 
2.15 
2.20 
2.20 
2.20 
2.21 
2.22 
2.20 

2.60 

6 

2.65 

7 

(a)      1 
3.39 
3.38  , 
3.30  , 
3.00  1 
2.90  1 
2.80  1 
2.80  1 

2.75  1 

8 

2.85  1 

9 

2.85  1 

10 

2.86  1 

11 

1 
2.87  ; 

12. 

2.90 

13 

2.90 

14 

3.00 

15 

-■ - 

2.8(>  i 

2.20 

3.20  1 

16 

...................... 

2.80  1 

2.15 

3.35 

17 

2. 70  1 

2.15 

3.45 

18 

2.40  1 

2.10 

4.00 

19 

2.30 

2.10 

4.30 

20 

2.20 

2.16 

4.20 

21 

2.20 

2.10 

3.85 

28 

2. 10  1 

2.05 

3.84 

23 

2.10  1 

1.95 

3.82 

24..  .. 

2.50  1 
2.70  1 
3.00  ' 
3. 10  ' 
3.10 
3.10  1 
3.00 

2.90   . 

1 

1.97 
2.00 
2.10 
2.09 
2.10 
2. 15 
2.25 

3.80 

25 

3. 75 

20 

3. 70 

27 

3.60 

28 

3.50 

29 

3.%) 

30 

3.38 

31 

3.38 

June.     July.  '  Aug.  '  Sept. 


Ck-t.    ,    Ni>v. 


3.38 
3.39 
3.39 
3.40 
3.55 
3.90 
3.80 
3.a5 
3.70 
3.65 
3.50 
3.40 
3.20 
3.20 
3.06 
3.25 
3.40 
3.55 
3.55 
3.50 
3.50 
3.50 
3.40 
3.40 
3.40 
3.40 
3.40 
3.42 
3. 40 
3.40  I 


3.40 
3.00 
3.60 
4.00 
4.10 
4.10 
4.00 
4.00 
3.  CO 
3.75 
3.60 
3.40 
3.20 
3.21 
3.00 
2.89 
2.80 
2.80 
3.05 
3.38 
3.00 
2.90 
2.80 
2.70 
2.60 
2.50 
2.40 
2.») 
2.20 
2.10 
2.05 


1.90 
1.80 
1.70 
1.60 
1.35 
1.20 
1.10 
1.05 
1.00 
1.30 
1. 10 
1.00 
.90 
1.10 
1.20 
1.10 
1.00 
1.00 
1.00 
1.00 
1.40 
2.20 
2.00 
1.90 
1.60 
1.20 
1.5*) 
1.30 
1.30 

!.:« 

1.20 


I.IO 
1.10 
1.10 
1.00 
1.00 
1.00 
1.10 
1.00 
.90 
.H) 


.50 
.45  j 
.40 
.40' 
.30  I 
.20  I 
.20  I 
.20 
.40 

.a5' 

.70  I 
1.00  I 
1.85  I 
1.85 
1.85  I 
1.90  I 
1.95  i 
1.95  I 
1.90  I 
1.85  I 


1.95 

2.00 

2.i» 

2.40 

2.50 

2.r5 

2.75 

2.aO 

2.30 

2.30 

2.40 

2.80 

3.00 

8.^0 

3.90 

3.00 

2.S6 

2.90 

2.«0 

2.50 

2.40 

2.30 

2.20 

2.10 

2.06 

2.115  ' 

2.a>  ! 

1.95 

i.86 

1.8S 

1.85 


l.!*» 
1.911 

1.95 

2.«l> 

2.<n 

2.UI 
1.U5 

l.« 
l.tt) 
l.»l 

LTTI 
1.70 
l.8fJ 
2  W 
2.i« 
2.10 
2.10 
2.05 
2.06 
2.10 
2.10 
2.10 
2.10 
2,16 
2.05 
2.11) 
1.U6 
1.95 


a  ObserTations  dia<^ontinued  from  January  1  to  Maivh  8  and  from  November  29  to  D4H>*inb«T 
31  on  account  of  i<'e. 
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5 

1 

Rating  table  for  Platte  Riv>er  near  Columbus,  Nebr 

'.,for  190 

'i».« 

he^^. 

Discharge. 

Second-feet. 

1 

Oage 
height. 

1 

1 

Feet. 

Discharge. 

Gago 
height. 

Feet. 

• 
Discharge. 

Second-feet. 

Gage 
'  height. 

1  _ 

Feet. 

Discharge. 

J^eet. 

Second-feet. 

Second-feet. 

1.0 

1 

190  ' 

2.0 

825 

3.0 

3,100 

4.0 

9,150 

1.1 

220 

2.1 

925 

8.1 

8,500 

4.2 

11,250 

1.2 

250 

2.2 

1,025 

3.2 

4,000 

1      4.4 

13, 550 

1.3 

285 

8.3 

1,150 

3.3 

4, 500 

1      ^-^ 

16,400 

1.4 

340 

2.4 

1,275 

8.4 

5,000 

4.8 

19,700 

1.5 

400 

2.5 

1,400 

3.5 

5,500 

5.0 

23,700 

1.6 

475 

2.6 

1,676 

3.6 

6,050 

1      5.2 

28,400 

1.7 

550 

2.7 

1,984 

3.7 

6,700 

5.4 

33,700 

1.8 

635 

1       2.8 

2,324 

3.8 

7,400 

1.9 

725 

2.9 

1 

2.696 

3.9 

8,200 

« This  table  was  applied  indirectly  according  to  the  method  outlined  on  page  988, 19th  Ann. 
Rept.  U.  8.  Geol.  8urv.,  Pt.  IV. 

Estimated  monthly  discharge  of  the  Platte  River  near  Colurnhus,  Nebr. 

[Drainage  area  56,867  Eiquare  miles.] 


Month. 


Discharge  in  second-feet. 


Maximum. '  Minimum. 


1902. 
March  9  to  81 

April  - 

May 

June - _ 

July  -.- 

August 

September  _._ 

October 

November  ... 


2,398 
13,800  ' 
9,950  I 
11,140  I 
1,150 
975 
5,000 
925 


Run-off. 


Total  in 
a<;re-feet. 


Second-feet      Depth 
I>er  square  |       in 
mue.  inches. 


134,098 

64, 022 

335, 845 

382, 347 

823, 805 

24, 887 

20, 051 

110,554 

47.865 


0. 050 
.019 
.096 
.118 
.093 
.007 
.006 
.032 
.014 


0. 045 
.021 
.111 
.186 
.1(^7 
.008 
.007 
.087 
.016 


PLATTE   RIVER  NEAR  LEXINGTON,  NEBR. 

Tliis  station  was  established  April  2,  1902,  by  H.  O.  Smith.  It  is 
located  on  the  highway  bridge,  2^  miles  south  of  Lexington,  Nebr. 
The  gage  is  of  the  usual  wire  type,  the  scaleboard  being  graduated 
to  feet  and  half-tenths.  It  is  protected  by  a  box  and  securely  fas- 
tened to  the  upstream  hand  rail  of  the  bridge,  about  100  feet  from  the 
north  end.  It  is  read  daily  by  Charles  Freeman,  a  farmer  living 
near  by.     The  channel  is  straight  both  above  and  below  the  station. 
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The  banks  are  low,  but  do  not  overflow.  The  bed  of  the  stream  is 
sand}'^  and  shifting.  Bench  mark  No.  1  is  a  hub  on  the  west  side  of 
the  bridge  approach.  Its  elevation  is  2,391.90  feet  above  sea  level. 
Bench  mark  Xo.  2  is  the  top  of  the  east  end  of  the  first  cap  at  the 
north  end  of  bridge.  Its  elevation  is  2,393.31  feet  above  sea  level. 
The  elevation  of  the  water  surface,  or  the  end  of  the  weight,  when  the 
gage  reads  zero,  is  2,385.65  feet. 

Discharge  measurements  of  Platte  River  near  Lejc^ington^  Nebr, 


Date. 


Hydrographer. 


1902. 
AprilH 

May  2 I  H.  O.  Smith 

May  22 ' do 

1 
June  8 do 

June  18 ' do 

July5 ' do 

July  19. I do 

July  29... ' do 

August  2 - do 

August  23 : ' do 

September  25 ' do 

November  8 ' do 


H.  O.  Smith  and  B.  E.  Forbes  . 


Oai 


F^t. 


2.85 
3.38 
3.00 
3.25 
2.98 
2.30 
2.25 
2.00 
1.20 
2.85 
2.70 


hefg^t.    I  I>i«^hanfe 


Seoond-frrt. 

2.293 


2,693 

7,764 

3.038 

6,555 

4,993 

1.002 

185 

0 

0 

2,829 

1.127 


Daily  gage  height,  in  feet y  of  Platte  River  near  Lexington,  Nehr, 


Day. 


Apr.      May 


1 

1902. 

2             

3              

4                  

5    

6 



7 ' 

8       ' 

0       1 

10 

11      

12 

13 

14 

15 

2.70 

16 

2.  ©5 

17 

2.65 

18 1 

2.60 

19- 

2.70 

20 

2.75 

2.95 
2.85 
2.80 
2.75 
2.85 
2.80 
2.90 
2.90 
2.70 
2.75 
2.75 
2.75 
2.90 
3.10 
8.40 
3.40 
3.95 
3.70 
3.60 
3.40 


June. 

July.  1 

1 

3.25 

2.% 

2.90 

3.00 

2.90 

3.00 

2.90 

3.00 

2.56 

2.90 

2.75 

3.05 

8.15 

2.70 

3.00 

3.00 

2.90 

3.05 

8.00 

3.40 

3.05 

3.35 

s.a5 

3.15 

2.80 

3.30 

2.50 

aoo 

2.50 

3.25 

2.36 

3.25 

2.30 

'      3.25 

2.25 

Aug.  I  Sept. 


2.35 
2.00 
1.95 
1.80 
1.80 
1.70 
1.65 
1.60 
1.86 
1.66 
1.60 
1.60 
1.45 
1.40 
1.40 
1.85 
1.30 
1.30 
1.26 
1.20 


Oct.    1   Nov. 


Dec-. 


1.70 

2.45 

2.70 

2.{t) 

1.60 

2.65 

2.60 

2,  TV 

1.60 

2.55 

2.66 

2.39 

1.45 

2.50 

2.45 

2.35 

1.40 

2.50 

2.60 

2.25 

1.40 

2.40 

2.00 

2.25 

1.36 

2.45 

2.75 

2.25 

1.80 

2.55 

2.70 

2.15 

1.20 

2.60 

(«) 

2.25 

1.15 

2.45 

2.31) 

1.10 

2.70 

1        2.3U 

1.10 

2.76 

2.3& 

1.10 

2.75 

2.31) 

1.06 

2.70 

2.45 

1.00 

2.66 

[         2.50 

1.00 

2.65 

j         2.«> 

1.00 

2.60 

2.3f» 

0.96 

2.66 

1         2.51) 

0.96 

2.65 

2.60 

0.90 

2.80 

.... 

1        2."^) 

n  Book  Htolen  containing  rec«>rd8  from  November  9. 
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Daily  gage  height  ^  in  feet,  of  Platte  River  near  Lexington,  Nehr. — CJontinued. 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

19Q2. 

21 

2.70 

3.20 

3.10 

2.25 

1.30 

1.60 

2.70 

'       2.65 

22 

3.60 

3.35 

3.35 

2.15 

1.20 

2.10 

2.60 

3.60 

23 

2.80 

3.40 

3.20 

2.10 

1.25 

2.05 

2.60 

2.70 

24 

2.75 

3.30 

3.40 

2.05 

1.30 

2.25 

2.60 

2.70 

25 

2.65 

3.20 

8.40 

2.00 

1.40 

2.85 

2.60 

2.80 

36 

2.60 

3.20 

3.10 

2.40 

1.45 

2.35 

2.60 

2.70 

27 

2.90 

3.25 

3.10 

2.40 

1.35 

2.70 

2.65 

2.80 

28 

2.70 

8.30 

(«) 

2..% 

1.30 

2.70 

2.80 

2.85 

29 

2.75 

3.40 

2.15 

1.25 

2.40 

2.65 

2.85 

30 

2.80 

3.35 

2.40 

2.15 

2.45 

2.70 

3.00 

31 

3.30 

2.30 

2.00 

2.70 

'        3.00 

d  Gage  down;  bridge  being  repaired. 
Mating  table  for  Platte  River  near  Lexington,  Nehr.,  for  J90^,o 


Gaffe 
faeifirnt. 

Discharge.  ' 

1 

Gage 
height. 

Feet. 

Discharge. 

Gage 
height. 

Feet. 

Discharge. 

Gage 
height. 

Feet. 

Discharge. 
Second-feet. 

Feet. 

Second-feet. 

Second-feet. 

Seamd-feet. 

2.1 

160 

2.6 

1,680 

3.1 

5, 140 

3.6 

10,240 

2.2 

390 

2.7 

2,220 

a.  2 

6,060 

3.7 

11,520 

2.3 

640 

2.8 

2,820 

3.3 

7,000 

3.8 

12,860 

2.4 

920 

'         2.9 

3, 500 

3.4 

8,020 

3.9 

14,240 

2.5 

1,260 

3.0 

4,290 

1 
I 

3.r) 

9,060 

4.0 

15,680 

fiThia  table  was  applied  indirectly,  according  to  the  method  outlined  on  p.  323, 19th  An.  Rept., 
U.  8.  Geol.  Surv.,  Pt.  IV. 

Estimated  monthly  discharge  of  the  Platte  River  near  Lexington,  Nebr. 


[Drainage  area,  .53,300  square  miles.] 


Month. 


1902. 
April  15  to  30. 

May 

June,  26  days. 

Jnly 

Angost 

September  _ 

October 

December . . 


Discharge  in  second-feet. 


5,692 
565 
2,780 
1,896 
4,290 


0 


Total  in 
acre-feet. 


0 

27 

0 

302 

640 

1,191 

275 

1,678 

70, 072 

337, 550 

264,813 

137, 350 

1,660 

17,968 

73,232 

103, 160 


Run-off. 


Second-feet 

I)er  square 

mile. 


0.041 
.103 
.096 
.042 
.001 
.006 
.022 
.031 


Depth  in 
inches. 


0.024 
.119 
.092 
.048 
.001 
.007 
.025 
.036 


62 


STREAM   MEASUREMENTS   IN    1902,  PART   III. 


[jro.M- 


NORTH  PLATTE  RIVER  AT  NORTH  PLATTE,  NEBR. 

The  lowest  gaging  station  on  this  river  is  located  at  the  wagon  bridge 
just  north  of  North  Platte,  Nebr.,  and  was  established  October  5, 
1894.  .It  is  3.5  miles  a})ove  the  junction  with  the  South  Platte  River. 
The  bridge  is  a  long,  low,  pile  bridge,  having  93  spans  of  approxi- 
mately 20  feet  each,  crossing  the  main  channel  of  the  river.  Nort  h 
of  this,  at  a  distance  of  about  440  feet,  is  another  bridge  crossing  a 
smaller  branch  or  slough,  and  having  six  spans  of  about  20  feet  each. 
The  water,  except  in  times  of  flood,  does  not  pass  under  ail  of  the 
spans  of  the  long  bridge.  Usually  the  greater  part  flows  under  two  or 
three  of  the  spans,  spreading  out  in  shallow  pools  or  streamlets  under 
others.  Beneath  the  greater  number  of  spans  is  a  dry,  sandy  bed  at 
ordinary  stages.  The  initial  point  for  soundings  is  on  the  right  bank 
and  consists  of  a  mark  on  the  railing  on  the  upstream  side  of  the 
bridge.  The  channel  is  nearly  straight  for  about  500  feet  both  above 
and  below  the  station.  The  banks  are  low,  but  are  rarely,  if  ever, 
overflowed. 

The  observations  of  river  height  are  made  at  the  Union  Pacific  Rail- 
road bridge,  about  2  miles  below  the  wagon-road  bridge.  The  rail- 
road bridge  is  3  miles  above  the  junction  of  the  North  and  South 
Platte  rivers.  The  gage  is  vertical,  marked  to  tenths  of  a  foot,  and 
is  fastened  by  screws  to  the  piling  under  the  bridge.  The  top  of 
the  east  rail  directly  over  the  gage  is  12  feet  above  the  zero.  The 
gage  rod  is  read  twice  each  day  by  H.  E.  Dress,  the  railroad  bridge 
watchman. 


DtHcharge  meamirement»  of  North  Platte  River  at  North  Platte,  Nehr. 


Date. 


19()2. 


Hydrographer. 


April  9 

May6 

May  20 

June  3 -  —  -do 

Jnne  19 do 

July  3 - -  -    do 

July  17 do 

July  28 - do 

August  9. .  - I do 

.-.-do 
..--do 
.---do 
.  - . -do 
...do 


H.  O.  Smith  and  B.  E.  Forbes. 

H.  O.  Smith 

...do 


August  18 

August  23.. . 
September  6. 
September  24. 
November  29. 


h^fgiei.   I  I>i«obarKP. 


Feet. 
2.20 
2.65 
3.15 
2.50 
3.00 
2.70 
1.65 
1.70 
1.00 
1.00 
1.00 
1.00 
2.30 
2.40 


Setxmd'feet, 

1,804 

3,723 

7,136 

3,039 

6,610 

4,991 

1,343 

678 

55 

49 

94 

20 

1,817 
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Rating  tahlr  for  North  Platte  River  at  North  Platte,  Nebr,f^ 


neigrbt. 

DiM.'hartire. 
Second-feet . 

Gasre 
heiifht. 

Feet. 

Diw^harge. 
Secoml-feet. 

Gage 
height. 

Feet. 

Discharge. 
Second-feet. 

'     Gago 
height. 

Discharge. 

f>et. 

Feet. 

Second-feet. 

0.5 

15  1 

1.5 

565 

2.5 

2,950 

3.5 

11,100 

.6 

80  1 

1.6 

670 

2.6 

3,440 

3.6 

12,700 

.7 

1 

50 

1 

1.7 

800 

2.7 

4, 050 

3.7 

14,300 

.8 

75  1 

1.8 

950 

2.8 

4,700 

3.8 

16,000 

.9 

100  1 

1.9 

1,120 

2.9 

5, 450 

3.9 

17,700 

1.0 

150   . 

2.0 

1,320  1 

3.0 

6,100 

4.0 

19,400 

1.1 

310 

2.1 

1,560 

3.1 

6,900 

1.2 

280  1 

2.2 

1,800  1 

3.2 

7,800 

1.3 

370  1 

2.3 

2, 150  , 

3.3 

8,800 

1.4 

465 

2.4 

2,520  • 

3.4 

9,900 

"This  table  was  applied  indirectly  acux)rding  to  the  method  outlined  on  p.  823, 19th  An.  Bept. 
V.  S.  Geol.  8urv.,  Part  IV. 

Daily  gage  height,  in  feet,  of  North  Platte  River  at  North  Platte,  Nehr. 


Day. 


Mar. 


1902.  ' 

1 1 

;i 

H I 

4 

I 
i» __ 

ti 

t — 

8 

» 

10 - 

11 : 

12?  ! 

13 

14 , 

15 1      («) 

16 1.80 

17 \      2.05 

18 '      2.20 

19 '      2.80 

2(» - 2.25 

21 2.ao 

22 !  2.30 

23.. 2.^ 

24 !  2.55 

25 2.00 

aR - 2.65 

27 - ;  2.50 

28 2.4.5 

20 '  2.30 

;«) '  2.05 

31 - 2  W 


Apr.   I   May.     June.     July. 


2.00 
2.25 
2.30 
2.4<) 
2.40 
2.40 
2.25 
2.20 
2.20 
2.15 
2.10 
2.00 
2.05 
2.15 
2.30 
2.40 
2.40 
2.35 
2.40 
2.40 
2.40 
2.56 
2.(30 
2.*) 
2.60 
2.50 
2.00 
2.80 
2.00 
2.60 


we    I 


2.70 
2.70 
2.00 
2.60 
2. 70 
2.65 
2.60 
2.60 
2.60 
2.00 
2.60 
2.75 
2.90 
2.90 
3.00 
3.40 
3.20 
3.05 
3.10 
3. 15 
3.15 
3.10 
3.10 
3. 10 
3. 10 
3.05 
3.00 
2.»») 
2.90 
2.90 
2.80 


2.60 
2.60 
2.50 

2..':o 

2.45 
2.65 
2.85 
2.90 
3.00 
2.90 
2.75 

3.a> 

2.96 
3.00 
3.00 
3.00 
2.95 
3.00 
3.00 
3.00 
2.90 
2.90 
2.90 
2.80 
2.65 
2.60 
2.00 
2.50 
2.50 
2.70 


2.80 

2.80 

2.70 

2.60 

2  50 

2.50 

2.50 

2.40 

2.50 

2.35 

2.30 

2.20 

2.10 

2.00 

2.00  ! 

1.75  ! 

1.50 

1.60 

1.70 

1.70 

1.70 

1.60 

1.60 

1.50 

1.40 

1.40 

1.45 

l.a5 

1.80 

1.65 

1.50 


Aug. 


1.60 
1.35 
1.20 
1.10 
1.10 
1.15 
1.00 
1.00 
1.00 
1.06 
1.00 
.90 
.90 
1.06 
1.05 
1. 00 
.GO 
1.00 
1.10 
1.10 
1.00 
1.00 
1.00 
1.05 
1.10 
1.00 
1.00 
1.10 
1.20 
1.10 
1.10 


Sept.      Oct. 


1.10 
1.05 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
.96 
1.00 
1.10 
1.16 
1.10 
1.20 
1.15 


1.90 
1.90 
1.90 
1.95 
2.00 
1.95 
1.90 
l.a5 
1.75 
1.70 
2.06 
2.00 
2.00 
2.00 
2.00 
2.00 


Nov.      Dec. 


2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.  CO 
2.00 
2.00 
2.10 
2.10 


2.20 
2.25 
2.80 
2.30 
2.30 
2.30 


'      1.10 

2.00 

2.10 





1.20 

1.96 

2.10  ' 

1.16 

1.90 

2.10   

1.10 

1.90 

2.10   

1.20 

2.00 

2.05   

1.65 

2.00 

2.00 

2.25 

2.00 

2.05    

2.30 

2.00 

2.10   

2.15 

2.00 

2.10 

1.95 

2.00 

2.20   

1.96 

2.00 

2.60 

2.00 

2.00 

2.50     

2.00 

1.90 

2.40    

1.90 

l.CO 
2.00 

2.20  1 

«  River  froswn. 


64 


STREAM   MKA8UREMENTS   IN   1902,   PART   III. 


[no.  M. 


Eatiniated  monthly  discharge  of  the  North  Platte  River  at  North  Platte,  JVe&^r. 

[DrainaK^^  area  2K,517  s(|uare  miles.] 


Month. 


1901. 


March 

April 

May 

June 

July 

August  --. 
September. 
October  . . . 
November 


1902. 
March  16  t<j  81 

April 

May 

June   

July- 

Au^UHt    

Sei)teml)er  _  _ . 

October 

November 


Di8(rhar{fe  in  second-feet. 


Maximnm. 


9. 900 

4. 700 

14, 300 

17,700 

4, 050 

800 

1,320 

1,320 

1,800 


3, 440 
9,900 
6, 900 
6,100 
370 
1,800 
1,120 
1 ,  560 


Minimum. 


Mean. 


Total  in 
acre-feet. 


RaD-off. 


1,320 
1,560 
2, 150 
4,050 


75 


50 

565 

670 

1 ,  320 


1,8(M) 

3,440 

2, 950 

370 

30 

100 

670 

800 


3,260  ! 

I 

2,408  I 

7,680  I 

9. 733 

1,508  ' 

346  1 

1,068  I 

1,121  ; 

1,576  1 

I 

2,257  ! 
2,443  j 
5, 450 
5, 139 
2,229 
102 
481 
1,035 
1,104 


200,425 

143, 276 

472, 232 

579, 108 

92, 713 

21,275 

63, 546 

68,919 

93, 772 

71,627 

145, 359 

335, 066 

305, 790 

137,039 

6,271 

28, 620 

63, 642 

65,688 


8econd-feet 

per  square 

mile. 


0.110 
.080 
.270 
.340 
.050 
.010 
.040 
.040 
.060 

.079 
.086 
.191 
.180 
.078 
.004 
.017 
.036 
.039 


]>epth  in 
inches. 


0.130 
.090 
.310 
.380 
.060 
.010 
.040 
.050 
.070 

.047 
.096 
.220 
.201 
.090 
.005 
.019 
.042 
.044 


NORTH  PLATTE  RIVER  AT  BRIDGEPORT,  NEBR. 

This  station  was  established  May  4,  1902,  by  R.  H.  Willis.  It  is 
located  at  the  wagon  bridge,  one-half  mile  due  north  from  Bridgeport, 
Nebr.  The  gage  is  of  the  usual  wire  type,  the  scaleboard  being  grad- 
uated to  half-tenths  of  feet.  It  is  inclosed  in  a  wooden  box  securely 
fastened  to  the  railing  of  the  bridge.  When  the  gage  reads  zero  the 
water  is  0  feet  below  the  floor  of  the  bridge  at  the  gage.  The  gage  is 
read  daily  by  Frank  Churchill,  a  schoolboy  who  lives  one-half  mile 
away.  The  discharge  measurements  are  made  from  the  bridge,  and 
the  initial  point  for  sounding  is  on  the  right  bank  at  the  south  end  of 
the  west  railing  of  the  bridge.  The  channel  widens  both  above  and 
below  the  station.  The  banks  are  low,  but  not  liable  to  overflow. 
The  bed  of  the  stream  is  sandy  and  shifting.  The  bench  mark  is  the 
top  of  the  floor  of  the  bridge  at  the  gage.  Its  elevation  is  9  feet 
above  the  surface  of  the  water  when  the  gage  reads  zero. 
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The  following  discharge  ineasiiremeuls  were  made  by  li.  II.  Willis 
and  Frank  Dobson  iu  1902: 

May  20:  Gage  height,  6.00  feet:  discharge,  5,414  second-feet. 
June  8:  Gage  height,  5.80  feet;  discharge,  4,515  second-feet. 
June  10:  Gage  height,  5.17  feet;  discharge,  2,050  second-feet. 
June  14:  Gage  height,  5.97  feet;  discharge,  5,43^^  second-feet. 
June  21:  Gage  height,  5.71  feet:  discharge,  5,120  second-feet. 
July  19:  Gage  height,  5.00  feet;  discharge.  787  second-feet. 
July  26:  Gage  height.  4.87  feet;  discharge.  619  second-feet. 
Angnst  8:  (-rage  height,  4.08  feet;  discharge,  190  second-feet. 
August  28:  Gage  height,  4.49  feet:  discharge,  37  second-feet. 
September  22:  Gage  height,  5.08  feet;  discharge,i 634  second-feet. 

JOhifly  l/rt^c  height^  in  feet,  of  North.  Platte  River  at  BHdgeport,  Nehr. 


Day. 


May.  I  June.     July 


I 

1902. 

t 

;i              

4          

s.rjjj 

5 

5. 70 

«» 

5.^ 

1    ,. _.. 

5.5(5 

H 

S.fJf) 

9               

5.tt« 

\{\              

11                

l!> 

5.7« 

i:i               

14                

o.W) 

ir»                

5.W) 

iti         _ 

5.W 

17 

IS  



5.91 
5.{«) 

19 

5.  U') 

ai          _ --. 

O.IIO 

:;i          .- 

(i.m 

->■>                                  

r>.  10 

2:^  

:>!             

»i.04 

^,                        

5.91J 

a'l            - 

5.8(5 

27            — 

5.  (55 

2S                

5.5(5 

M<J                      

5.41 

;*)             

5.45 

:n 

5.41 

5.41 
5.61 
5. 79 
5.9:j 
(5.04 
5.«.I9 
iy.  10 
5.»] 
5.89 
5. «) 
5.^« 
5.92 
5. 89 
6.00 
6. 04 
(5.00 
(5.00 
5. 85 
5.  h:l 
5. 82 
5, 75 
5.(58 

5.58 
5.48 
o.  4< 
5. 2(5 
5.46 
5.60 
5.87 
5. 85 


5. 60 
i>.  ;)(> 
5. 76 
5. 40 
5. 4:^ 
5.  :i2 

5..'« 

5.:r) 

5.27 
5. 16 
5. 19 
5. 10 
5.02 
5.(W 
5.(K) 
5.20 
5.(^ 
5.01 
5.(MJ 

i.m 

4.8(5 
4.80 
4.  JO 
4  77 
4.86 
4.90 
4.&1 
4.79 
4.76 
4.85 
4.«) 


Aug. 


4.K5 
4.75 
4.80 
4.78 
4.80 
4.79 
4.80 


4.75  I 

4.72  j 

4.72 

4. 70  \ 

4.(57 

5.  (ft 

4.75 

4.(58 

4.70 

4.  (?o 

4.62 

4.(51 

4.(K) 

4.59 

4.60 

4.(52 

4.52 

4.52 

4.56 

4.(50 


4.50 
4.4(5 
4.45 
4.44 
4.40 
4.40 
4.40 
4.40 
4.48 
4.40 
4. 40 
4.40 
4.40 
4.:J8 

4.41 
4.40 
4.40 
4.40 


4. 4(5 


4.?>5 

4.^8 
4.78 
4.77 
4.«5 

4.  a') 

4.8-3 
4.  S2 
4.79 


Oct. 


4.79 
4.75 
4.80 
4.80 
4.84 
4.82 
4.80 
4.82 
4.85 
4.K-, 
4.91 
4.95 
4.i)0 

4. 91 
4.1H 
4.95 

4. 92 
4.95 
4.91 
4.92 


Nov. 


4.W 
4.95 
4.95 
4.94 
4.  *.)5 

4.91 
4.95 
4.94 
4.91 


;;  I 


5.08 
4.95 
4.98 
4.88 
4.96 


•). 


m 


(") 


5.00 


a  ObHervationa  discontinued  NovemlH.*r  (5  to  December  31  on  uccou  it  of  ice. 
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Bating  table  for  North  Platte  River  at  Bridgeport,  Nebr.,  for  J90J. 


Gage 
height. 

Discharge. 

1 

'     Gage 
height. 

Discharge. 

1 

1     Gage 
height. 

Feet. 

Second-feet. 

1 

i     Feet. 

Second-feet. 

Feet. 

4.4 

10 

1          ^'^ 

560 

5.4 

4.5 

50 

5.0 

790 

5.5 

4.6 

110 

'        5.1           1,060 

5.6 

4.7 

210 

I        5.2           1,380 

5.7 

4.8 

1 

350 

5.3           1,710  1 

1               1 

5.8 

1 

Discharge. 


Second-feet. 
2,120 

2,610 

3,120 

3,660 

4,280 


Gage 
height. 


Feet. 
5.9 

6.0 

6.1 


Discharge. 

Second-frft. 
4,820 

5,450 
6,200 


Estimated  monthly  discharge  of  the  North  Platte  Biver  at  Bridgeport,  Nebr. 

[Drainage  area,  23,190  square  miles.] 


Month. 


1902. 

May,  25  days 

June _ 

July 

Augnst,  27  days  . . . 
September,  28  days 
October,  80  days . . . 


Discharge  in  second-feet. 


Ran-ofiF. 


Maximum. 


6,200 
4,000 


Minimum.  I    Mean. 


1,580 
290 


Total  in    i 
acre-feet,    i  Seoond-feet  '  rk_^4>,  i_ 


4,149 

4,267 

1,200  I 

244  I 

162  ! 

559  I 


255, 050 

253,900 

73,780 

15,000 

9,640 

34,372 


0.179 
.184 
.052 
.011 
.007 
.024 


0.206 
.2<M 
.06<» 
.01:* 

,02S 


NORTH   PLATTE   RIVER   AT  MITCHELI^,  NEBR. 

This  station  was  established  by  O.  V.  P.  Stout  on  June  3,  1901.  It 
replaces  the  station  at  Gering,  Nebr.,  which  was  discontinued,  as  the 
narrower  channel  at  Mitchell  seemed  favorable  to  increased  accuracy 
of  gagings,  and,  being  nearer  the  Wyoming  line,  it  serves  better  as  a 
State-line  gaging  station. 

The  gage  consists  of  a  sash  weight  hung  from  a  wire  carrying  an 
index  reading  on  a  horizontal  rod  nailed  to  the  bridge  rail.  The  zero 
of  the  gage  is  8  feet  below  the  bridge  floor  at  the  gage.  It  is  also 
0.73,  G.79,  and  6.79  feet  below  the  tops  of  the  upstream  ends  of  the 
bridge.  The  observer  is  G.  D.  Aughinbaugh,  a  barber  at  Mitchell, 
about  one-half  mile  from  the  bridge. 

On  April  4,  1902,  a  temporary  gage  rod  was  set  whose  zero  mark 
was  3.79  lower  than  the  old  rod  of  1901.  On  May  3,  1902,  a  new  per- 
manent gage  was  put  in  whose  zero  mark  was  1.0  foot  lower  than  the 
old  rod  of  1901,  in  order  to  avoid  negative  gage  heights.  Hence, 
between  April  4  and  May  3,  1902,  2.79  feet  were  subtracted  from  the 
gage  heights  reported  by  the  observer.  To  make  the  gage  heights 
reported  during  1901  comparable  with  those  of  1902,  1.0  foot  most  be 
added. 
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Discharge  measurenients  of  North  Platte  River  at  Mitchell^  Nebr. 


Date. 

Hydrographer. 

Gag 

heigl 

e 
It. 

Discharge. 

1902. 
April  4 

FrftTlt  Poh«nTi 

Feet 

1.56 

3.22 

2.46 

3.15 

'      3.00 

2.42 

1.58 

1.30 

1.05 

.85 

.82 

1        .96 

Se 

c-feet. 
917 

Mav3.. _.. - 

do  .... 

. . 

2,649 
3,698 
6,425 
4,937 
3,257 
1,014 
630 
349 

May  28 

do 

Juue  12 

do 

JtlTlft  19 

i 

* 

c 

c 

c 

c 

. c 

c 

R.  H 

lo 

• 

JnriA  27 

lo 

July  16- 

July  24 

August  2 

August  19 .!^_.. 

September  2 

October  25 

lo 

lo 

lo 

lo 

102 

lo 

30 

.Willis- 

363 

Daily  gage  height ,  in 

feet,  of  North  Platte  River  at  Mitchell,  Nebr. 

Day. 

Apr. 

May. 

June. 

July. 

2.30 
2.65 
2.22 
2.05 
1.89 
1.91 
1.90 
1.91 
1.90 
1.85 
1.76 
1.60 
1.69 
1.76 
1.61 
1.60 
1.54 
1.46 
1.41 
1.38 
1.37 
1.37 
1.39 
1.88 
1.28 
1.31 
1.29 
1.25 
1.46 
1.50 
1.31 

Aug. 

Sept. 

Oct. 

0 

Nov. 

1902. 
1 

2.26 
2.36 

2.79 
2.91 

1.21 

1.23 

1.19 

1.13 

1.14 

1.14 

1.00 

l.OC^ 

1.04 

1.00 

.96 

.96 

.90 

.93 

.90 

.87 

.86 

.85 

.85 

.85 

.84 

.84 

.84 

.84 

.84 

.84 

.84 

.84 

.88 

.83 

.88 

0.82 
.82 
.83 
.83 
.82 
.82 
.82 
.83 
.83 
.82 
.82 
.82 
.82 
.83 
.83 
.83 
.83 
.83 
.82 
.84 
.85 
.88 
.89 
.85 
.84 
.85 
.84 
.87 
.86 
.86 

0.86 
.86 
.87 
.87 
.87 
.87 
.93 

0.95 

2 _ 

.94 

3 

1.56 
1.56 
1.56 

2.22        3.05 

.94 

4 

2.42 

3.17 

93 

5 

2.27        3.25 
2.52  1      3.27 

.94 

6 

1.08 

i  ._,_. .. ... .  ..... ..... 

1.31        2.43        3.06 
1.21        2.47  .      3.06 
1.31         2.48  '      3.02 

1  09 

8 

1.08 

9  

1  06 

10           

1.27  1      2-65 

3.17 

1  11 

11. 

1.27 

2.75  '      3.11 

1  09 

135 

1.41  ;      2.70        3.16 

.89 
.98 
.93 
.91 
.93 
.92 
.91 
.98 
..98 
.94 
.96 
.97 
.97 
.98 
.99 
.96 
.99 
1.00 
.99 
.97 

1.10 

13 

1  51 

9  9t\  ^      »  U 

1  10 

14         

1.61         2.95         3.U 

1.10 

15             

1.71 

».01  '      319 

1  10 

16 : 

1.91  1      3.07        3.10 
1.81        3.14        3.05 
1.81         3.14         3.01 

1.14 

17  

1.10 

IH      

1.75 

19      

1.86 

.q.l9  1      3.03 

1  16 

au 

1.86         3.19 
1.91         8.02 
1.86        3.27 

2.99 
2.94 
2.76 
2.64 
2.51 

1.18 

21 

1  17 

22 

1  16 

23     

1.86 

3.19 

24           » 

2.26  '      3.15 

25 

2.21        3.05        2.32 

36 

2.41        2.90 

2.21 
2.30 
2.20 
.2.63 
2.89 

27      

2.41 
2.61 
2.46 
2.36 

2.70 
2.52 
2.49 
2.39 
2.20 

28 

29 

30     

31       

a  ObserratioDS  discontinued  from  January  1  to  April  4  and  from  November  22  to  December  81 
on  account  of  lee. 
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Rating  tahlv  for  North  Platte  River  at  Mitchell,  Nebr.^for  lUOJ.^ 


Gaffe 
height. 

Dittcharge. 
Second-feel. 

(4affe 
heiKlit. 

Feet. 

DiHchargo. 

_ 

Seeond-feet. 

Gage 
height. 

Feet. 

Diflcharge. 

1 
Second-feet. 

Gage 
height. 

Feet. 

Diwharg*'. 

Feet. 

1  Sec*fnd-f*»'t 

0.0 

99 

1.2 

1,650 

2.4 

4, 595 

3.6 

9,920 

.3 

235 

1.4 

2, 020 

2.6 

5,290  , 

3.8 

1      11,022 

.4 

455 

1.6 

2, 455 

2.8 

6,100 

4.0 

12, 120 

.6 

720 
1,005 

1.8 
2.0 

2,910 
3,415 

3.0 
3.2 

7.015  1 
7,940 

.8 

1 

1.0 

1,310 

3, 980 

3.4 

8, 900 

I 

uThis  table  wan  applied  indiret'tly,  according  to  the  method  outliiKMl,  p.  3£i,  19tli  An.  V.  S 
Gool.  Surr.,  Pt.  IV. 

Estivuited  monthly  disehnrye  of  the  Xorth  Platte  River  at  Mitchell,  I^ebr^ 

[DraiDage  area,  24,4(10  s<iuare  luilos.] 


Montli. 


Diwhargf  (8e<*ond-feet). 


Maximum.  '  Minimum.      Mt^n. 


Total  In 
acro-fcct. 


Run-off. 


Second-ftn^t 

per  wiuan* 

mile. 


I>»pth  in 
iin*h»%». 


1902. 

April  4  to  30 

May - 

June  -  - 

July 

AuK^ist 

September _ 

October,  24  days. 
November  1  t<:)  22. 


6,373  ; 
6,877  I 

O,  <  4  4 

559  I 
124  \ 


2,649 
2,934  . 
612 

44  ! 

30  I 


1,603 

4.346 

4,915 

1,308 

207 

69 

299 

563 


85. 846 

267, 2CK) 

292. 420 

80, 420 

12,728 

4.105 

14,233 

24,567 


0.  (HMI 
.  17H 
.201 
.  054 
.008 
.00:j 
.012 
.  02:{ 


.0<»-) 

.nil 
.nii« 


NORTH  PLATTE   RIVER   AT   GUERNSKV,   WYO. 

This  station  was  (\stiiblislied  Juno  14,  11)00,  by  A.  J.  I^arsliall.  It  is 
located  at  thecountv  bridsi:e  about  a  half  mile  northwest  of  (4uerns<'V. 
The  bridge  has  eiglit  piers,  the  sides  are  planked,  and  tliere  is  ii inform 
flow  under  each  span.  The  rod  (consists  of  a  4-ineh  by  4-ineli  by 
12-foot  scantling  lirmly  attached  to  one  of  the  piers  of  the  bridgf. 
As  the  station  was  to  be  a  temporary  one,  a  metallic  tape,  dividt'il 
into  feet  and  tenths,  was  securely  fastened  to  the  rod.  The  T>eiu-h 
mark  is  a  spike  driven  into  a  sleeper  of  the  bridge  1  foot  from  tlie  hm] 
and  at  an  elevation  of  10.04  feet  above  the  zero.  The  ehaiinel  i> 
straight  for  a  distance  above  and  below  the  station.  Both  banks  are 
high  and  do  not  overflow  at  high  stages.  The  l)ed  of  the  stream  i.s 
sandy,  but  probably  does  not  shift  much. 

It  was  found  that  considerable  inconvenience  was  caused  by  s^uhI 
accumulating  about  the  rod  as  the  high  water  subsided.  Willi  tho 
Oldening  of  the  season  of  1902  a  new  rod  was  placed  about  20()  feet 
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above  the  fii'st  location.     It  was  fastened  to  one  of  the  piers  of  the 
railroatl  liridge,  and  was  phiced  1  foot  h>wer  in  the  water. 

Measurements  are  still  made  from  the  county  bridge,  which,  while 
it  does  not  furnish  a  perfect  location  for  measurements,  is  the  best 
y«'t  found  on  the  river  in  Wyoming. 

IHHcharge  measHremrntH  of  North  Phttte  River  at  GneniHey,  Wyo. 


Dat4». 


H  y  drojf  raphor. 


1902. 
Marrh  28 |  A.J.Parshall 

Ai)ril  4 do 

Ai>ril  15 do 

April  2J)    do 

May  22 -..     do 

Se|)t^iul)er  5 -do 

Oi-tol>er  9 do 


Gaffo 
height. 


Feet. 
0.90 

.65 

1.50 

2.10 

a.  80 

-   .30 

.20 


Di.s<'harge. 


Sfcond-feet. 

1,099 

748 

1,696 

3,025 

7, 379 

173 

437 


Daily  ynge  ht'iyht,  in  fret,  of  Xorth  Platte  River  at  (tuenmeyy  Wyo. 


Diiy. 

0.90 
.90 
.  (V) 

.<;-. 

.(UJ 

.HO 

..SO 

.90 

1.00 

1.00 

•  1.00 

l.CV^> 

i.2r. 

1.40 
1.00 
l.«U) 
1 .  <'iO 
1..V! 
l.(U) 
l.liO 
1.00 
1.90 
2.00 
2. 20 
2.20 
2. 40 
2.20 
2. 20 
2.20 
2.20 

May. 

2.20 
2.40 
2.40 
2.  U) 
2.60 
2.00 
2.  .SO 
2.  .SO 

2.  SO 

:?.oo 
;i.oo 
:{.20 

3.20 
3.20 
3.20 
4.10 

3.  .Si> 
4.00 
3.W 
;{.  .SO 
3.«0 
3.80 
3.  .SO 

3.  m 

3.00 
2.  SO 
2. 60 
2.  W 

2.  IM) 

3.  (K) 
3.00 

JUIR'. 

July. 

l.GO 

l.CO 

l.GO 

l.f.0 

1..S0 

1.60 

1.20 

1.60 

1.20 

1.20 

1. 20 

1.20 

1.00 

1.00 

1.00 

l.(K) 

..SO 

..so 

.80 

1.00 

l.W) 

1.00 

..SO 

..SO 

.70 

1.20 

1.20 

1.20 

1.20 

..SO 

..SO 

Aujf. 

• 

O.ftO 
.fiO 
.fiO 
.."lO 
.40 
.  10 
.40 
.40 
.20 
.40 
.40 
.20 
.20 
.  20 
.  20 
.00 
.00 
.Ot) 
.00 
.(K) 
.00 
.00 
.00 
.10 
.10 

-  .20 
.20 

-    .20 

-  .20 
-.■JO 

-  .20 

Soi»t. 

-0.20 

-  .20 

-  .30 

-  .:w 

-   .30 

-  .25 

-  .30 

. :» 

-  .:u) 

-  .:?o 

-  .30 
.20 
.20 

.:jo 

-  .20 
.20 

.:u) 
.:«. 
.:io 

.20 
.2t) 
.30 
.30 

.;u) 
--  .:io 

-  .'M 

-  .:w 

.30 

-  .:jo 

.20 

Oct. 

0.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 

•  .20 
.20 
.20 
.20 
,20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.2t) 
.20 
.20 
.•20 
.•A) 
.20 

.:io 

.30 

Nt»v. 

o.:« 

.30 
.30 

.:» 

.30 

.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 

.:» 

.30 

.:u) 
.:io 
.:^o 

.10 
.40 
.40 
.40 
.40 
.40 
.  10 
.40 
.40 
.40 
.40 
.40 

lhH\ 

1.   ... 

3.W) 
3.«0 
3., SO 
4.00 
1.00 
4.1)0 
4.00 
4.00 
4.00 
3.  .SO 
3.  .SO 
4.(K) 
4.00 
3.  SO 
3.80 
3.80 
3.10 
3.40 
3.40 
3.00 
3.  IX) 
3. 00 
2.  GO 
2. 00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 

0.40 

•> 

.40 

•  > 

.40 

1 

.40 

.> 

.40 

(', 

.10 

.40 

s                 

.40 

9            

.40 

]0               

.10 

11           

.40 

12              

.:« 

13 

.:«) 

11             

.:w) 

1  .^             

.:{0 

It;              

.00 

17            

.00 

IS 

.(X) 

U) 

.GO 

'*0 

.(•0 

21 

.70 

'>•» 

.70 

'fi 

.70 

Z'i.  .... 
21 

.7.') 

2.". 

'>i;          

.70 
.70 

•T 

.70 

2H 

.80 

•*•» 

.80 

.V) 

.80 

31 

..SO 
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Rating  table  for  North  Platte  Rh^er  at  Guernsey ^  Wyo.j  for  1902. 


Gage 
height. 

Discharge. 
f^crmdr/eet. 

(lage 
height. 

DiHcliarge. 
Seoondrjeet. 

Gage 
height. 

Di.Ho}ittrge. 
Second-feeL 

Gage 
height. 

,   l>if«ch&Tge. 

1 

Ffri. 

1 

Feet. 

Feet. 

1 
Secand-fert. 

0.7 

15 

0.5 

625 

1.7 

1 

2,135 

2.9 

5,050 

-    .« 

50 

.6 

700 

1.8 

2,335 

3.0 

1        5,305 

.5 

90 

.7 

780 

1.9 

2,550 

3.1 

'        5,560 

1 

.4 

130 

.8 

870 

2.0 

2,780 

^.2 

•       5, 820 

-   .8 

175 

.9 

970 

2.1 

3,030 

3.3 

6,080 

-  .2 

220 

1.0 

1 

1,080 

2.2 

3,280 

3.4 

6,340 

-  .1 

270 

1.1 

1,200 

2.3 

3,530 

3.5 

6,600 

.0 

320 

'      1.2 

1 

1,  330 

2.4 

3,780 

1       3.6 

6,860 

.1 

375 

1.3 

1,470 

2.5 

4,030 

1       3.7 

7,120 

.2 

430 

1.4 

1,620    1 

2.6 

4,285 

'       3.8 

1 

1       7,380 

.3 

490 

1.5 

1,780 

2.7 

4,540 

,      3.9 

7,640 

.4 

555 

1.6 

1 

1,950 

2.8 

4,795 

4.0 

7,900 

Estimated  monthly  discharge  of  North  Plqite  River  at  Gneniseii,   IT  t/o. 

[Drainage  area,  16,243  square  miles.] 


Month. 


1902. 
April 

May 

June 

July  

August 

September.. 

October 

November.-, 

Deceml>er  .. 


Discharge  in  8econd-fcet. 


Run-off. 


Maximum. 


3,780 
8,160 
7,900 
2,335 
625 

4:w 

490 


ifOO 


870 


Minimum,  i    Mean. 


Total  in 
acre-ieet. 


740 
3,280 
2,780 
780 
220 
175 
430 
490 
490 


1,885 

5,556 

6, 131 

1,304 

400 

196 

436 

516 

663 


Second-feet 

per  square 

mile. 


Depth  in 
int'he*. 


111,949 

0.12  1 

0.13 

341,015 

.34  ' 

.39 

364, 181 

.38 

1 

.42 

80,061 

.08  ' 

.09 

24, 652 

.02 

i 

.02 

11,662 

.01 

.01 

26,750 

.03  ' 

.03 

30,650 

.03 

.0:^ 

40, 689 

.04  ' 

.a5 

LITTLE   IJ^RAMIE    RIVER   NEAR  IIATTON,  WYO. 

This  station  was  established  in  1902  hy  B.  P.  Fleming.  It  is  located 
at  an  old  bridge  25  miles  northwest  of  Lai-amie,  W3^o.  The  gfage  is  a 
plain  staff  graduated  to  feet  and  tenths  and  secured  to  the  bridge.  It 
is  read  twice  daily  by  J.  M.  May,  a  ranchman,  who  lives  about  To 
yards  from  the  gage.  The  initial  point  for  soundings  is  a  nail  driven 
in  the  bridge  stringer  at  the  left  bank.  The  channel  is  straight  above 
the  station  and  curved  below.  The  water  is  quite  swift.  The  right 
bank  is  liable  to  overflow.  The  loft  bank  is  high  and  rocky.  There 
is  an  old  channel  at  the  right  of  the  station  in  which  there  is  flow  at 
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hi^fh  wator.     The  l)ed  of  the  stream  is  rocky  and  very  ron^h.     The 

bench  mark  i.s  on  a  rock  on  the  left  bank  of  the  stream  near  the  gage. 

It  is  iimrked  B.  M.  V.  S.  (j.  S.     Its  elevation  al)ove  the  zero  of  the 

jjpige  has  not  been  determined. 

During  1902  the  following  discharge  measurements  were  made  b}^ 

r>.  p.  Fleming: 

July  5:  Gage  height,  1.05  feet;  (liHcharge,  159  seoond-feet. 
August  21:  Gagt*  height,  0.47  fm)t;  discharge,  30  second-feet. 
Ootol)er  14:  (iage  height,  0.68  f(K)t;  discharge,  51  second-feet. 

Ikiily  gage  hcighl,  in  feet,  of  Little  Laramie  River  near  Hatlimy  Wyo. 


^_     _ 

■■    ■ 

Day. 

July. 

1902. 

1 

1 

•> 

3 i 

4 

5 

6 

1.00  ' 

7 

1.00 

8 

.90 

9 

.90 ; 

10 

'         .90 

n 

.80 

12 

.80  ! 

i:j 

.85 

n 

.90 

15 

.1         .85  , 

HI 

'         .85' 

a                                         1 

Aug.    ;   Sept. 


Oct. 


0.60 

0.30 

0.70 

.60 

.30 

.70 

.60 

.30 

.70 

.50 

.30 

.70 

.50 

.30 

.70 

.50 

.30 

.(50 

.55 

.20 

.60 

.55 

.20 

.60 

.55 

.20 

.60 

.40 

.30 

.60 

.45 

.30 

.70 

.55 

.30 

.70 

.50 

.30 

.70 

.50 

.30 

.70 

.56 

.30 

.70 

.46 

.30 

.60 

Nov 


0.55 
.55 
.45 
.45 
.45 
.45 
.45 
.60 
.60  j 
.60  I 
.55  I 
.60 
.45 
.45 
.55 
.60 


Day. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

17 

1.00 

0.40 

0.30 

0.60 

0.65 

18 

1.15 

.40 

.30 

.60 

.60 

19 

1.00 

.35 

.30 

.60 

.66 

20 

.95 

.30 

.30 

'    .60 

.65 

21 

.90 

.35 

1.20 

.60 

.70 

22 

.80 

.30 

1.25 

.60 

.05 

23 

.80 

.30 

1.00 

.60 

.65 

24 

.80 

.30 

.80 

.60 

.60 

•25 

.80 

.30 

.80 

.60 

.66 

•26 

.80 

.30 

.80 

.60 

.60 

27 

.80 

.30 

.80 

.60 

.65 

28 

.75 

.30 

.70 

.60 

.56 

'29 

.65 

.30 

.75 

.60 

.60 

30 

.60 

.35 

.70 

.60 

.60 

31 

.65 

.30 

.55 

Rating  table  for  Little  Laramie  River  near  Haltorij  Wyc^  for  iyO;i. 


\   height. 


Discharge. 


Gage 
height. 


Discharge. 

Second-/eeL 
24.5 
32.5 
41.5 


Gage 
heig 


age 
l^t. 


Discharge.       he^lft.      I^^^arge 


Feet. 

Seroml-feet. 

Feti. 

ikcond-feei. 

0.7 

54.5 

1.0 

133 

.8 

72.5 

1.1 

188 

.9 

96 

1.2 

248 

Eiftimaled  numihly  dwcharge  of  Little  Jjaramie  River  near  IMton,  Wyo. 


Discharge  In  second-feet. 


July  6-31 
Augqst . . 
September 
October 
Novenil)er 


Mean. 

Total  in  acre- 

Month. 

'  Maximum. 

Minimum. 

feet. 

1902. 

91 
27 
48 
46 
38 

4,695 

42 

16 
10 
42 

28 

1,660 

r                278 

2,856 

•  54 

2,828 

r   54 

2,265 

• 
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SWKKTWATKK    UIVKR   AT    DEVILS   (;.\TE,  NEAR   SPLITU<>('K^  W^"<). 


This  station  wiis  estjihlishod  in  October,  1902,  by  W.  W.  SchliH-lit. 
It  is  located  about  ono-foiirth  mile  above  D(»vils  Gate  and  is  reached 
])y  a  team  from  liawlins  or  from  Cksper,  Wyo.  The  gJi<^o  is  of  the 
usual  wire  type,  with  the  scah*  board  ^niduated  to  feet  and  t<Miths.  It 
is  read  twice  daih^  l)v  Tom  Sun,  jr.,  a  ranch(»r  who  livens  about -^t mi 
yards  from  th(»  pi^f"-  1h**  ^ajifinj^s  are  mad<»  ti^mporarily  from  a  fcH»t 
])ridir<*  at  Tom  SunV  house.  It  is  intended  later  to  estal>lish  a  <*able 
at  this  point. 

One  dischartje  measun»ment  made  by  W.  \V.  Schlecht  on  October  4, 
VM)2^  ^ives  <i:a*(e  heit^ht  4.0:^  feet:  discharge,  14.5  second-feet. 

Ihiibj  gage  height  J  infect,  of  Sinrinuitrr  Hirer  nt  Drrifn  (iatfy  TI'vo. 


I  my. 

Oct. 

N(»V. 

Do<\ 

Day. 

Oct. 

.\'o\ . 

I)c<-. 

Day. 

Oct. 

X..V. 

I»f<\ 

1.. 

I'.Rrj. 

4.05 

1.20 

12. 

4.07 

4.11 

4.rio 

•2:i 

1.09 

4.10 

1.'-) 

•> 

4.00 
4. 0-2 
1.  m 

1.  10 
}.  10 
4.  40 

13 

1 

I.  Of. 
l.O.') 
4.l>-i 

1.11 
1.19 
4.14 

4.r)0  1, 
4.r)0  1 

4.40 

24 

25 

2t> 

4.09 
1.10 



4.05 
4.  15 
4.15 

1.  5. 
l..*l 
4.5.- 

w 

n. 

15. 

....•>.....^ 

4.. 

r> 

•i.u;? 

I.  10 

i.:»o 

If.. 

17. 

4.  o:5 
4.tV, 

4.00 
4.05 

4.40 
4.10  ' 

27 

28 



4. 15 
4.20 

4.  r^ 

4.1" 

(5.. 

< . . 

1.02 
1.01 
1.02 

i.di 

4.  (IS 
4.  05 

■1.  U) 
4.  15 

4. :,() 
i.rx) 

IS 

1.07 
1. 05 
4.01 
4.09 

4.00 
1. 05 
4.05 
4.00- 

4.40  1 
4.45  1 
4.40  , 
4.60 

29 

4.20 
4,20 

4.;k> 

4.45 

4.  ■<• 

S 

20. 
21. 

1 

:«) 

<» 

:u 

10.. 

11.. 

........ ..^ 

4.  li:{ 

4. 10 

l.TiO 

22 



i.in» 

1.10 

4.. 50 

__ 

SOUTH    PLATTE    RIVER   AT    1UUS1*RIN(J,  NEBR. 

This  station  was  (vstaldished  SeptcMuber  5,  11M)2,  h\  J.  C.  Stevens. 
It  is  located  on  the  hii^hwa\'  bridge  oiu^-fourth  mile  south  of  Bigspring. 
Ne])r.  The  gage  is  of  the  usual  wire  tyi)c,  graduated  to  feet  and  tenths, 
and  l)olted  to  the  girder  of  the  ])ri(lge.  It  is  read  daily  by  Victor 
Root,  a  schoolbov,  who  lives  ni»ar  l>v.  The  measurements  are  made 
from  the  bridge*,  and  tlie  initial  point  for  soundings  is  on  the  upstream 
side  of  tlie  north  end  of  tiu*  bridge.  There  is  a  short  bend  above  the 
station  and  below  the  station  the  riv(»r  is  straight.  The  banks  are  m>t 
lial)le  to  overflow.  The  l)ed  is  sandy  and  shifting.  The  bench  mark 
is  a  United  States  (leological  Survc^y  l)ench  mark  (marked  ''U.  S.  (iei>- 
loirical  Survev  li.  M.  Elevation  above  sea,  3,870  feet''),  located  alK>ut 
2(M)  feet  north  of  the  Union  Pacific  depot,  on  the  west  side  of  the  street. 
Its  elevation  is  8,3TO  feet  above  sea  level.  The  elevation  of  the  floor  of 
the  V)ridge  over  the  zero  mark  of  the  gage  is  8,873.1)5  feet.  When  the 
irairo  reads  zero  th(^  surface  of  the  Avater  is  9. 1  feet  below  the  fl€>or  of 
the  bridge  over  zero  mark  on  the  rod  and  8,864.85  below  bench  mark 
described  above. 
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(iHjLrr  heights  were  tiiken  of  the  water  surface  when  there  was  no 
III- face  flow  by  digging  in  the  sand. 

IHjicharge  vwaHnremeiita  of  South  PlaUe  River  at  Bigsprhig,  Nebr. 


UaU'. 


191)2. 

S«*pteiiiber  5 

Se}>tembc*r  23 


1.. 

"2. 
3. 
•I. 

5. 
C- 
7. 

H. 

9. 
10. 
11. 


I>ay. 


1902. 


Hj'drographer. 


J.  C.  Stevens. 
II.  O.  Smith. 


height. 

Difiohargi'. 

J-Yct. 

Serond-feet. 

1,00 

0 

1.65 

173 

rkiily  g<ige  ht*ighty  in  feet ^  of  South  Platte  River  at  Bignpring,  Nelrr. 


S*?pt.    Oct. 


Nov 


Day 


Sept. 


1.00 
l.a5 
1.00 
1.00 
1.00 
1.00 
1.00 


1.80 

1.45 

l.SO 

1.45 

:  so 

1.45 

1.80 

1.45 

l.CO 

1.40 

l.CO 

1.30 

l.CO 

1.25 

1.60 

1.25 

1.60 

1.25 

l.fjO 

1.25 

I.3o 

1.25 

12 

1.00 

13 

1.00 

14 

1.00 

15 

IG 

1.00 
1.00 

17 

1.10 

18 

1.10 

19 

20 

1.15 
1.20 

1 
21 

Pools. 

•22 

2.00 

Oct. 


1.35 
1.35 
1.35 
1.30 

!.;« 
1.25 
1.25 
1.25 
1.20 
1.30 


Nov. 


Day. 


1.35 
!.:» 
1.30 
l.:» 
!.:«) 
1.30 
\.\Jd 
i.no 

l.-'V) 

1 .  :X) 
1.30 


23. 
24. 
25. 
2t). 


27. 


28. 
29. 
30. 
31. 


Sept. 


I.(i5 
1.50 
2.00 
2.40 
2. 15 
1.90 
1.80 
1.80 


Oet. 


1.35 
1.25 
1.25 
1.20 
1.25 
1.25 
1.25 
1.25 
1.35 


Nov, 


1.30 
1.30 

i.:» 
i.;«) 

1.35 

^.m 

1.45 


fl  Observation.s  were  discontinued  November  29. 


SOUTH    PLATTK    RIVER   AT   JULESBURd,  COI.O. 

This  station  was  (established  April  2,  1002,  by  John  E.  Field,  at  the 
wajjcon  bridge  crossing  the  South  Platte  River,  about  1  mile  southeast 
of  Julesburg,  Colo.,  a  station  at  the  junction  of  the  main  line  and 
Denver  branch  of  the  I'^nion  Pacific  Rfiilroad.  As  this  is  the  last  sta- 
tion on  the  South  Platte  Kiver  in  Colorado,  and  is  also  l)elow  all  irri- 
crjition  ditches  in  Colorad<^  taking  water  from  the  South  Platte,  with 
tho  exception  of  one,  it  is  of  considerable  importance  for  securing 
data  relative  to  the  flow  of  return  waters  as  well  as  the  natural  flow  in 
tlu*  main  channel.  However,  the  conditions  at  this  station  are  not  as 
desira})le  as  the}^  should  be,  owing  to  the  great  width  of  the  channel 
and  the  general  instabilit}^  of  the  bed  of  the  stream,  features  chamc- 
tcristic  of  the  whole  course  of  the  South  Platte  River  through  this 
part  of  the  State.  The  channel  at  this  point  is  about  one-half  mile 
wide,  and  at  low  stages  of  the  river  it  is  badly  broken  up  I)}'  islands, 
causing  the  stream  to  flow  in  several  different  channels.  The  banks 
are  low,  but  do  not  overflow.  The  bed  of  the  river  is  dry  during  the 
greater  part  of  the  year  and  is  shifting  and  unstable,  ]>eing  com- 
posed entireh^  of  sand  and  gravel. 
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[no.  SL 


Mejisurements  are  usually  made  by  wading,  but  may  be  made  from 
the  wagon  bridge  at  high- water  stages.  The  observations  are  taken 
once  daily  by  Llo3'd  Jenkins,  who  lives  in  Julesburg.  The  gage  rinl 
consists  of  a  2  by  4  inch  timber  7  feet  long,  spiked  in  a  vertical  ix)si- 
tion  to  a  piling  on  the  downstream  side  of  the  bridge,  about  150  feet 
from  the  north  end.  No  bench  mark  has  been  established,  but  the  rod 
is  securely  spiked  to  the  piling  and  any  change  in  the  }x>.sition  of  tlie 
rod  is  hardly  possible.  The  initial  point  for  sounding  is  tlie  left  or 
north  bank. 

The  following  discharge  measurements  were  made  during  11*<>2  by 
J.  E.  Field,  S.  (i.  Lees,  and  R.  W.  Hawley: 

April  2:  Gage  height,  1.30  feet;  discharge,  85  necond-feet. 
October  10:  Gage  height,  1.58  feet;  discharge,  133  second-feet. 
November  8:  Gage  height,  1.15  feet;  discharge,  31  Hecond-feet. 

Daily  gage  JungfU^  infeet^  of  South  Platte  Rirtr  at  JiUeshurgj  Colo. 


Day. 


Apr. 


1902. 
1 

1.30 

2 

1.30 

3 

1.30 

4 

1.30 

5 

1.25 

C 

1.25 

7 

1.26 

8 

1.20 

9 

1.20 

10 

1.20 

11 

1.20 

12 

1.20 

13 

1.20 

14 

1.45 

15 

1.40 

16 

1.30 

17 

1.30 

18 

1. 25 

19 

1.20 

20 

1.20 

21 

1.25 

22 

1.30 

23 

1.40 

21 

1.30 

25 

1.30 

26 

1.25 

27 

1.20 

28 

1.20 

29 

1.20 

30 

1.20 

31 

May.   I  June. 


1.20 
1.26 
1.25 
1.25 
1.20 
1.20  I 
1.20  I 
1.15  I 
1.15  I 


1.15 


1.15  j 
1.30  I 
1.20  I 
1.20  1 
1.30  ! 
1.25 
1.20  i 
1. 15  ' 
1.20 
1.30  ! 
1.20  ' 
1.15  \ 
1.15  I 
1.10 
1.10 
1.25 
1.25 
1,25 
1.20 
1.25 
1.25 


1.20 
1.10 

i.a5 

1.05 
1.05 
1.15 
1.15 
1.15 
1.00 
1.00 
1.00 
1.60 
1.35 
1.25 
1.25 
1.20 
1.20 
1.10 
1.10 
1.10 
1.10 
1.00 
1.00 
.95 
.95 
.90 
1.00 
1.10 
1.10 
1.10 


July 


1.10 

1.10 

1.50 

1.25 

1.15 

1.15 

1.15 

1.00 

1.00 

1.00 

.90 

.90 

.90 

.80 

.vSO 

.SO 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

..S5 

.85 

1.75 

1.00 

.80 

.80 

.75 


.\ug.       Sopt.    I     Oct. 


0.76 
.75 
.75 
.80 
.80 
.80 
.75 
.75 
.75 
.75 
.75 
.75 
.75 
.75 
.75 
.75 
.75 
.70 
.70 
.70 
.80 
.80 
.80 
.80 
.80 
80 
.80 
.80 
.75 
.75 
.76 


0.75 
.75 
.75 
.75 
.75 
.75 
.75 
.75 
.75 
.75 
.75 
.75 
.75  I 

.75  I 

I 

.75 

.75  I 

.  «5  I 
I 
.75 

.75  I 

.75  I 

1.20  j 

1.90  I 

1.90  ! 

2.00  I 

2.00 

2.  la 

2.20 

2.30 

2.30 

2.30 


•2.30 

2.00 

1.80 

1.75 

1.70 

1.70 

1.70 

1.65 

1.56 

1.50 

1.45 

1.40 

1.40 

1.35 

1.30 

1.25 

1.20 

1.-20 

1.20 

1.20 

1.25 

1.-25 

1.25 

1.20  ' 

1.20 

1.20  ' 

1.20  ' 

1.20  ^ 

1.15  I 

1.16  1 


Nov.    '    ThH: 


Lift  I 

1.15 

1 

l.Io 
1. 15  ! 
1.15  1 
1.15  ! 
1.15  I 
1.15  , 
1.15 
1.15 
1.15 
1.15 
1.15 
1.20 

1.20 
1.-20 
1.'.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.25 
1.30 
1.40 
1.40 
1.40 


1.40 
!.*.> 
1.40 

l.:v> 

1.70 

i.aj 

2.W) 
2.* 
2.45 

2..X« 
2L.iL» 
2.50 
2.  «• 
•2.  fill 

■.:.ou 
2.a» 

2.t!0 
2.W 
2.7U 


2.7'» 

2.  * 

2.S*. 
2.* 


a  Frozeu. 


STEWELI^] 
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Rating  iaMe  fitr  SotUh  Platte  RU^er  at  JtUesburgy  Colo.,  for  190S. 


0.8 
.9 
1.0 
1.1 
1.2 
1.3 


DiNchazge. 

heSnt. 

Second-feet. 

1 

Fed. 

4 

1.4 

9 

1.5 

15 

^       1.6 

23 

1.7 

35 

1.8 

52 

1.9 

\ 

1 

DlHchargc. 

he^t. 

Diiiteharge. 
Second-feei. 

Gage 
height. 

Discharge. 

Serotid-feet. 

JFM. 

■  Feet. 

Second-fret. 

75 

2.0 

407 

2.6 

953 

ia5 

2.1 

488 

2.7 

1,058 

144 

2.2 

573 

2.8 

1,167 

195 

2.3 

662 

2.9 

1,280 

258 

2.4 

755    , 

330 

2.5 

852 

Etftimated  monthly  discJiarge  of  SmUh  Platte  River  at  Jvlesburg,  Colo, 

[Drainage  area,  20,6d8  square  miles.] 


Discharge  in  necond-feet. 


Total  in  acre- 
feet. 


June 

Jaly 

August 

Septeniljer 

Oct(>l>er 

Noveiiil)er 

De<'enil>er  1-25 


2,737 
2,275 
1,666 
1,168 
184 
9,104 
7,932 
2,202 
37,736 


Run-off. 


Second-feet 

per  square 

ml^e. 


0.0022 
.0017 
.0014 
.0010 
.0001 
.0074 
.0063 
.0018 
.0369 


Depth  in 
inches. 


0.0025 
.0020 
.0016 
.0012 
.0001 
.0083 
.0073 
.0020 
.0343 


MIDDLE   CKOW   CREEK  NEAR  HEGLA,  WYO. 

Thi.s  station  was  established  March  24,  1902,  by  A.  J.  Parshall.  It 
i.s  located  4  miles  northwest  of  Hecla,  Wyo.,  on  a  footbridge.  The 
gage  is  attached  to  the  timber  of  the  bridge,  and  is  graduated  to  hun- 
di-edths  of  a  foot.  It  is  i-ead  twice  dail}'  by  Hugh  W.  McGee.  The 
initial  point  for  sounding  is  on  the  left  bank.  The  channel  is  straight 
al>ove  the  station  and  curved  below.  The  right  bank  is  low  and  sub- 
ject to  overflow.  The  left  bank  is  high  and  does  not  overflow.  The 
bed  of  the  stream  is  sandy.  The  bench  mark  is  a  notch  cut  in  a  tree 
6  feet  east  of  the  gage.     Its  elevation  is  4.1  feet  al)ove  the  zero  of  the 
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[NO.  ^4 


Disrliartjt'  nivumircnnnin  of  Middle  Crotr  ('reek  near  llerhi^  Tlz/o. 


Date 


Hydrographer. 


1902. 

I 
Manh  24 \  A.J.  Piirshall 

April  20 tk) 

May  7 do 

May  14 do 

May  20 do 

June  1 , do 


(tjige 
I   lieignt. 


Fat. 
0.80 
2.20 
2!  40 
2.50 
2.  20 
1 .  05 


I>  w  •  ha  r^'i^. 

17 

M 
2.S 


Jhidy  fjinje  height,  in  feet ,  of  Middle'  (Voir  ( Wek  near  Iferhi^  H/zo. 


1. 
') 

Am   m 

3. 
4. 

n. 

0. 

p. 
/ . 

8. 

9. 
10. 
11. 
12. 

i:i. 

M. 

15. 
IG. 


Dar. 


190-2. 


April. 


O.SO 
.SO 
.NJ 
.HO 
.'0 
..SO 
.  '.10 
.  9.') 

I.  or> 
i.ir> 

1.2.'> 
1.40 
1.40 

1 .  :?r) 
i.'iT. 

LOT. 


Mav.      Juno 


2.4.'>  I 

'2.;{5  I 

2.. SO  ' 

2.ri0  ' 

2.4.>; 

2.ll.'>  , 
2.:l") 

2.:vs  I 
2.:u)  I 
2.3r>  ' 

2.  10  ' 
2.3.T  , 


2. 27 


2.  40 
2.  10 
2. 10 


1.15 

i.or> 

.90 
.«K) 

.S5 
.8.5 
.87 
.S2 
.  75 
.70 
.  CiO 

..'iS 
.  55 
.5K 
.CO 


July 


0. 7:i 
.73 
.  ()5 
.W) 

..")() 

.50 
.4S 
.  15 
.  45 
.  45 
.4H 
.4:i 
.40 
.10 
.40 
.40 


17. 

IS. 

19. 

20. 

21. 

22 

%\. 

21. 


2() 


2.S. 
29. 

:il. 


Day. 


1902. 


April.      May.    '   JtI1l«^  I   July 


1.00 

l.SO 

<»..Vi  1 

u.  *t 

l.IV) 

i.so  1 

..v>  , 

.^ 

1.75 

2.a5 

.  .55 

.t » 

2.10 

2.19  , 

..V, 

1 

-IS? 

2.m) 

1.70 

.*'JL\ 

.to 

l.(>5 

1.37 

.  55 

..\> 

1.25 

i.ri4)  ' 

..^•0  i 

.x* 

l.*5 

i.r.j 

.  1.5  1 

.-l-^ 

1.40 

1.32  1 

.32 

.*« 

1.40 

1.35  1 

.:» 

.4«* 

1.55 

i.<;2  i 

.  :i5 

.1« 

1.S5 

.   1.70  , 

.70  1 

.r 

1.  90 

1.40 

1.12  , 

.4't 

2.  10 

l.:i5 

.IM) 

:•:^ 

1.21)    . 

1 

1 

.5' 

Jiatitifj  tfdtle  fitr  Middle  <'nnr  (Wek  near  lleria,  ll'i/o.,  /or  liH)J. 


i 

— 

- 

lu'iK'lit. 

l>i.»<charj?f. 

1 

Disrlmru^i'.  | 

1 

(Jafff 
liciglit. 

Disrluirj^f, 

1 

fJajirt' 
lu'i^lit. 

I>iM*hanf« 

Fftt. 

1 
S<nni<l-fu1.   1 

Frrt. 

1 
Smmd  J'nt.  1 

Ftt. 

1 
Scriiini'frtt.   | 

/>v  /. 

Sf'tUttHljirl 

.0 
0.1 

1 

0.7 

.8 

4.  5 

5.  5 

1.4 

1.5 

i;{.5    ' 

15. 0     ' 

2,1 
2.  2 

24  0 

0.  5 

25.  5 

2 

1.0 

.9 

().  5     1 

i.(i 

ir>.5 

2,:? 

27.0 

1.5 

1.0 

7. 5     1 

1.7 

18.0     ! 

2.4 

2S.  5 

•■^ 

2.  0 

1.1 

9.0 

l.S 

19.5 

2.5 

;^.  0 

.5 

2.  5 

1.2 

10.5 

1.9 

21.0 

2.(5 

;u.5 

.0 

;?.5 

1 

1 .  :^ 

12.0     ' 

2.0 

22.  5 

1 

2.7 

;«.  0 

_ 

_ 

1 

I 

XEWELL.1 
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IC^hnatttl  mouthii/  dm'harge  of  Middle  (Yaw  Creek  near  Ilecla^  ^^yo- 


Month. 


1902. 
April 

May 

June 

July 


Disttharge  in  Bocoiid-feet. 


Maximum. 


28.  5 

mo 

9.8 
4.8 


Minimum. 


Mean. 


Total  in  acr  ^ 
feel. 


5.5 

12.8 

10.  o 

1.5 

4.4 

1.5 

2.8 

750 

1,375 

263 

181 


SOinil    PLATTE    KIVER   AT    KERSEY.  (lOLO. 

This  station  was  cstttblishod  April  27,  1JM)1,  at  Kersey,  a  station  on 
the  Union  Pacific  Railroad,  about  0  miles  east  of  Greeley,  at  a  ]>ridgo 
1^  miles  north  of  the  railroad  station  itself.  This  station  was  intended 
to  take  the  place  of  the  one  previously  maintained  at  Orchard,  Colo. 
This  point  was  selected  on  account  of  the  regularity  of  the  channel 
and  the  fact  that  there  was  a  wagon  bridge  crossing  the  river  from 
which  ^igings  could  be  made  at  high  water.  It  is  of  particular  value 
owiii^  to  the  fact  that  the  point  is  just  below^  all  the  important  trilm- 
turi(»s  of  the  South  Platte,  which  derive  their  supply  from  the  mount- 
ain region.  It  is  also  at  a]>out  the  point  w^here  water  could  ])e  used  to 
the  best  advantage  for  storagt*  in  reservoirs  along  South  Platte  River 
in  nortlieastern  Colorado.  The  observer  is  Edward  K.  Plumb,  who 
liv(*s  near  the  bridge  and  reads  the  rod  daily.  The  gage  rod  consists 
of  a  vertical  2  by  6  inch  timber,  8  feet  long,  marked  in  feet  and  tenths 
and  spiked  to  tlie  downstream  side  of  the  third  pile  of  the  bridge  from 
its  south  end.  The  initial  point  for  soundings  is  the  right  I>ank5  down- 
stream side,  the  bridge  being  marked  every  10  feet.  The  right  bank 
is  high  and  not  liable  to  overflow^  but  the  left  is  low  and  water 
spreads  over  a  considerable  distance  at  high  stages. 

The  following  discharges  measurements  were  made  during  11)02  by 
J.  E.  *'ield  and  R.  W.  Hawley: 

January  3:  (lage  height,  2.85  feet;  (iist^harge,  iVM  WH-ond-foet. 
February  28:  (xage  height,  2.70  feet;  dis<.;harge,  700  KH'ond-feet. 
April  2:  (jage  height,  1.85  feet;  diseharge,  328  secon<l-feet. 
August  15:  Gage  height,  1.30  feet;  discharge,  02  neeond-feet. 
November  2:  Gage  height,  1.05  feet;  discharge,  188  seeoud-feet. 
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STREAM   MEASUBEMEirrS   IN    1902,  FAST   HI. 
Daily  gage  height,  in  feet,  of  South  PlaUe  River  at  Kersey,  Coio. 


[ko,  84. 


Day. 


1902. 


6 


8. 

9 
10 
11 
12 
13 
14 
15 
16 
17, 
18 
19 
20 
21 
22 
23 
24 
25 
26 
•27 
28 
29 
30 
31 


Jan. 


Feb. 


2.85 
2.85 
2.85 
2.85 
2.75 
2.76 
2.70 
2.70 
2.65 
2.60 
2.60 
2.60 
2.55 
2.55 
2.50 
2.50 
£.50 
2.50 
2.50 
2.50 
2.60 
2.60 
2.60 
2.65 
2.85 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 


3.50 
8.50 
8.50 
3.50 
3.20 
2.90 
2.70 
2.65 
2.60 
2.60 
2.60 
2.70 
2.75 
2.90 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.75 
2.75 
2.70 
2.70 
2.70 


Mar. 


Apr. 


2.70 
2.65 
2.65 
2.65 
2.65 
2.60 
2.60 
2.60 
2.60 
2.55 
2.65 
2.50 
2.50 
2.40 
2.30 
2.30 
2.25 
2.25 
2.25 
2.20 
2.15 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
1.90 
1.90 
1.90 
1.90 


1.85 
1.85 
1.85 
1.85 
1.85 
1.76 
1.75 
1.60 
1.60 
1.56 
1.60 
1.45 
1.40 
1.35 
1.30 
1.25 
1.25 
1.25 
1.20 
1.20 
1.20 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 


1.10 
1.10 
1.10 
1.50 
1.75 
1.50 
1.20 
1.20 
1.20 
1.20 
1.30 
1.80 
1.80 
1.80 
1.30 
1.30 
1.80 
1.30 
1.30 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.45 
1.50 
1.50 
1.60 


1.60 
1.50 
1.50 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.35 
1.30 
1.80 
1.30 
1.30 
1,30 
1.30 
1.30 
1.30 
1.80 
1.80 
1.35 
1.35 
1.35 
1.35 
3.75 


Aug. 


Sept.    Ort.  '  Nov.'  l*ec. 


2.50 
1.60 
1.60 
1.50 
1.40 
1.40 
1.40 
1.50 
1.60 
1.60 
1.80 
1.60 
1.60 
1.40 
1.40 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.80 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 


1.80 
1.30 
1.30 
1.30 
1.80 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.80 
1.30 
1.30 
1.30 
1.30 
1.80 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.80 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.30 


1.30 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
4.50 
4.00 
3.50 
2.40 
2.00 
2.00 
2.20 
2.10 
2.00 


2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.9ft 
1.96 
1.95 
1.95 
1.95 
1.90 
1.80 
1.7.S 
1.75 
l.e.'i 
1.60 
1.60 
1.60 
1.65 
1.65 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.75 


1.7n 
l.W 
l.W 
l.SO 
l.fO 
l.W 

i.m 

1.80 
1.80 


1. 

1. 


75  I 


w 

HO 
1.80  ; 
1.80 
1.80  ' 
1.80 
1.80  1 
1.80  ; 
1.90 
2.00  ' 
2. 2D 
2.40  I 
2.40 
2.a5 
2.30 
2.30 
2.30 
'2.90  . 
2.30 
2.  .30 
2.30  I 


•j.'a.i 
±-^) 

LL30 

•AS'* 

2.:» 
'L» 
2.  TO 
2.-i0 

2.a> 

2.30 
2.3.=' 

2.« 
2.45 

2-'0 

2.  Ty 
2.5D 

2.fiO 

2.  •'►■) 
2-  « 
2.  '»^ 
2.  ■*' 
2.4-T 
2.40 
2-1' 


Raiiiig  table  for  South  Platte  Rinr  at  Kerttey,  Colo,,  for  190.i. 


Gage 
height. 

DiKcharge. 
Second/tet. 

,     Gage 
height. 

DiHchaige. 

Gage 
height. 

Frti. 

Discharge. 

1     Gage 
lieight. 

Ffct 

Di.scharg^. 

Fed. 

1      Feet. 

Srcond-feet. 

Second-ffei. 

Sfrond-jdt 

0.2 

2     ' 

1 

1.4 

105 

2.6 

637 

3.8 

1,965 

.4 

4 

1.6 

170 

2.8 

770 

t       4.0 

2,261 

.6 

8 

1.8 

243 

3.0 

935 

4.2 

2, 557 

.8 

14 

2.0 

325 

3.2 

1,139 

1       "^-^ 

2,a53 

1.0 

29 

2.2 

423 

3.4 

1,386 

1.2 

59 

1 

2.4 

527 

3.6 

1,669 

' 
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Estimated  manihly  dm- f large  of  South  Platte  Rirer  at  Kerwy,  ( 'olu. 

[Drainage  area,  9,470  nquare  miles.] 


Month. 


Discharge  in  wrond-fect. 


Total  inaere- 
feet. 


Run -off. 


1902. 

J  an  liar  v 

Febniarv 

Mart-.h 

Ai)ril 

Mav 

■r 

Juiie 

Jiilv 

August 

September... 

OcU)ber 

November . . . 
December  ... 


Heeond-feet 


The  vear 


Maximum. 

Minimum. 
580 

Mean. 

per  sauare 
mile. 

Deptn  in 
inches 

1,524 

836 

51,404 

0.0883 

• 

0.101 

1, 524 

637 

862 

47, 873 

.0910 

.095 

700 

282 

486 

29, 883 

.0513 

.059 

262 

42 

122 

7, 259 

.0129 

.014 

224 

42 

96 

5,903 

.0111 

.013 

1, 891 

•    80 

158 

9,402 

.0167 

.019 

580 

80 

124 

7,624 

.0131 

.015 

105 

80 

85 

5,  226 

.0090 

.010 

2, 631 

80 

363 

21,600 

.  0383 

.043 

325 

170 

249 

15,310 

.  0263 

.030 

527 

224 

334 

19,  874 

.  0353 

.039 

637 

475 

532 

32,711 

.  0562 

.065 

2,  631 

42 

1354 

254, 069 

.  0375 

.503 

BIG    THOMPSON    CREEK    NEAR   ARKINS,    COLO. 

This  stream  drains  the  country  inimediatelv  north  of  that  drained 
hy  the  headwaters  of  8t.  Vrain  Creek,  and  is  one  of  the  largest  tribu- 
taries of  South  Platte  River,  into  which  it  empties  about  4  miles 
above  the  town  of  Evans.  Little  Thompson  Creek  is  an  important 
tributary  of  Big  Thompson  Creek,  and  the  countr}'  drained  by  these 
two  streams  makes  up  irrigation  district  No.  4.  The  junction  of  these 
creeks  is  near  the  lower  end  of  the  district,  a  short  distance  above  the 
point  where  their  combined  waters  enter  the  South  Platte. 

Records  of  the  flow  of  this  stream  were  begun  in  April,  1888.  The 
station  was  established  at  its  present  location  on  April  1,  1899.  The 
only  diversion  above  the  gaging  station  is  Handy  ditch,  a  record  of 
the  gage  heights  of  which  is  kept  by  the  water  commissioner  of  that 
district,  J.  M.  Wolaver,  who  also  kept  the  records  of  Big  Thompson 
Creek  at  this  point  during  the  year  1900.  It  is  necessaiy  to  include 
the  discharge  of  Handy  ditch  in  order  to  o})tain  the  total  run-otf  of  the 
basin.  The  rod  is  a  vertical  2-inch  b}'  i-inch  timber  fastened  to 
the  downstream  side  of  the  right-hand  end  of  the  wagon  bridge  on  the 
ranch  of  John  Chasteen.  The  bench  mark  is  25  feet  south  of  the 
ougc  and  is  a  nail  in  the  root  of  a  cotton  wood  stump,  the  head  of 
the  nail  being  9.35  feet  above  the  zero  of  the  gage.  The  channel  of 
the  stream  is  lined  with  bowlders  and  is  very  rough,  but,  not  being 


80 


STBEAM   MEASUREMENTS    IN    1902,   PART    III. 


[NO.  H, 


likely  to  change,  it  furni«he«  a  good  point  for  obtaining  a<-curatc 
meiusurenients.  A  permanent  station  could  be  loaited  here  to  advan- 
tage. Like  the  other  tributaries  of  the  South  Platte,  nearly  all  of  the 
normal  flow  of  Big  Thompson  and  Little  Thompson  creeks  is  used  for 
irrigation,  and  during  the  high-water  stages  the  greater  part  of  the 
volume  is  diverted  into  large  reservoirs,  from  which  it  is  used  to 
advantage  later  in  the  season. 

The  following  discharge  measurements  were  made  during  1J.HJ2  l»y 
J.  E.  Field  and  M.  C.  Ilinderlider: 

Aiigust  30:  (iaj^e  heij^ht,  0.75  feet;  86  second-feet. 
Noveml)er  14:  Gage  height,  0.42  ft»et;  28  second-fei^t. 

Daily  ijtuje  hei(/hty  infeet^  *>f  Biy  Th<mip)i<rii  Creek  near  Arhhis,  C(/lo.^ 


2 
3 


6 


9 
10 
11 
12 
13 
14 
1ft 
16 
17 
18 
19 
20 
21 
22 
23 
21 
2o 
2(1 
27 
28 
29 
30 
31 


Day. 
1902. 


May.  I  June.      July.       Xmk-       Sept.        <N-r, 


0.9t) 
1.20 
l.ftO 
2.00 
l.tU) 
2.00 
2. 10 


2.10 

1.40  1 

o.so 

O.f.0 

■ 

2.00 

1.20  ' 

.so 

.tJO 

l.l'^ 

1.80 

1.30  : 

1 

.80 

.60 

.'*< 

2.00 

1.30 

.90 

.60 

I.  Ill 

2.20 

1.20 

.90 

.r4} 

.  '^ 

2.00 

I.IO  1 

.80 

..X) 

.H' 

2.00 

1.00 

.80 

..^ 

.:. 

2.20 

1.00 

.80 

.TA) 

.T«' 

2.20 

.W 

.80 

.iH) 

.7<t 

2.30 

1.00 

.70 

.f)0 

.:- 

2.20 

1.00 

.70 

.."«o 

.**> 

2.00 

1.00 

.70 

..v> 

IJH 

1.90 

1.00 

.70 

..■)0 

.'■ 

1.90 

1.00 

,80 

.."lO 

.*.«' 

2.00 

1.00 

.80 

..%o 

.*»1 

1.90 

1.00 

.70 

.40 

.s. 

1.80 

1.00 

.70 

.40 

.T«i 

1.70 

1.60 

,70 

.10 

.  v- 

l.(X) 

1. 40 

.70 

.  10 

7'' 

1.60 

1.10 

.V> 

.7"' 

l.CO 

1.00 

.60 

l.OO 

.7' 

1.60 

1.00 

.CK) 

l.:i»> 

.'•* 

1.50 

1.00 

.70 

1.10 

.  **' 

l.W 

1.00 

.70 

,yo 

>«) 

1.60 

.90 

.70 

..Nti 

'J 

1.(50 

1-00 

.60 

1.10 

.  7t 

1.  fiO 

.90 

.60 

1.00 

M 

1.60 

.80 

.60 

.90 

_  *  I 

1.70 

■  .80 

.60 

.90 

Ai 

1.60 

.80 

.70 

.SO 

«i 

.80 

.60 

^  "•' 

iiig  run- 

•off,  etc., 

add  nu. 

rnbvr  <»f 

StttJD'j 

feet  flowing  In  Handy  Ditch  for  corresponding  dates. 
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Hating  table  for  Big  Tliompmn  Creek  near  ArkiuH^  Colo.^  for  190:^. 


1 

heijfht. 

1 
Disicharge. 

i>econd-/crL 

Gage 
height. 

Discharge. 

1 

Gage 
height. 

Feet. 

Discharge. 

1     (Jage 
height. 

Fed. 

Discharge. 

i       Fed. 

Feet. 

Sc'cond/crt. 

Second-fed? 

}>fcviid-/ed. 

0.2 

1 

0.8 

96 

1.4 

271 

,       2.0 

539 

1          .3 

12 

.9 

118     1 

1.5 

310 

2.1 

593 

.4 

26 

1.0 

143 

1.6 

350 

2.2 

650 

'         .5 

41 

1.1 

172 

1.7 

393 

2.3 

710 

.6 

58 

1.2 

203    ' 

1.8 

439 

i 
1 

.7 

76 

1 

1.3 

236 

1.9 

486 

i 

Katimati'd  monthly  discharge  of  Big  Thomjmm  Creek  near  ArkinSj  Colo,^ 

[Drainage  area,  805  square  miles.] 


April.  - 
May  . . 
June  .  - 
Julv  -- 
August 
September 
October  . 


Discharge  in  second-feet. 

Month. 

tt 

Maximum. 

Minimum. 

Mean. 

1902. 

35 
659 
773 
385 
130 
238 
198 

20 
80 
310 
108 
67 
34 
46 

29 
299 

505 

182 
90 
89 

98 

ber 

» 

1 

Run-off. 

Total  in  acre- 
feet. 

Second-feet 

per  sauare 

mile. 

Depth  in 
inches. 

1,  726 

0.10 

0.11 

18, 385 

.98 

1.13 

30,050 

1.66 

1.85 

11, 191 

.60 

.69 

5,534 

.30 

.35 

5,296 

..29 

.32 

6,026 

.32 

.37 

a  The  discharge  of  Handy  Ditch  is  included. 


ST.  VRAIN    CREEK  AT   LYONS,  COLO. 


The  town  of  Lyons  is  situated  between  tlie  north  and  south  forks 
of  St.  Vrain  Creek,  the  forks  uniting  at  a  point  about  1  mile  east  of  the 
center  of  the  town.  Records  of  the  flow  of  the  creek. at  or  near  L3'ons 
have  been  kept  since  April,  1888,  except  during  the  years  1893  and 
18*M,  but  the  station  was  not  put  in  its  present  condition  until  May  5, 
1S99,  since  which  date  records  have  been  kept  throughout  each  irri- 
jrjition  season.  The  present  station  is  located  one-half  mile  southeast 
of  Lyons,  Colo.,  below  the  junction  of  the  north  and  south  forks  of 
St.  Vrain  Creek.  The  supply  ditch  takes  water  out  on  the  left  side 
of  the  stream  above  the  gage.  To  obtain  the  total  run-off  of  the 
drainage  basin  of  the  creek  at  this  station,  the  amount  of  water  in  the 
ditch  must  be  added  to  the  discharge  of  the  creek.  The  gage  is  an 
inclined  2  by  4  inch  timber,  graduated  to  vertical  tenths  of  a  foot, 

IBE  84r— 03 0 
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the  space  between  the  marks  being  0.134  of  a  foot.  It  is  fastened  t(» 
posts  driven  into  the  ground.  The  right  bank  of  the  stream  is  low 
and  liable  to  overflow.  The  left  bank  is  a  railroad  cmbaiiknient  and 
is  not  liable  to  overflow.  Measurements  are  usuallv  made  hy  wadinjr. 
but  at  high  water -the}"  can  be  made  from  a  wagon  bridge  4<)0  feet 
below  the  gage.  The  bench  mark  is  a  spike  driven  into  the  root  of  a 
large  cotton  wood  tree,  150  feet  north  of  the  gage  rod.  The  head  <»f 
the  spike  is  6.51  feet  above  gage  datum.  The  observer  during  11K»2 
was  L.  H.  Dickson,  commissioner  of  the  St.  Vrain  w^ater  district 
who  read  the  gage  during  the  irrigation  season. 

During  1902  the  following  discharge  measurements  were  made  by 
J.  E.  Field  and  M.  C.  Ilinderlider: 

July  28:  Gage  height,  2.50  feet;  discharge,  91  second-feet. 
August  30:  Gage  height,  2.05  feet;  discharge,  31  second-feet. 
November  8:  Gage  height,  2.08  feet;  discharge,  40  second-feet. 

IkiUy  gage  height ,  in  feet ^  of  St,  Vrain  Creek  at  Lyo7u<j  Colo. 


Day. 


1 

1902. 
1 

1 
1.60  i 

2 

l.GO 

3 

1.70 

4 

1.82  ' 

5 • 

6 

1.80  ' 
1.85  ' 

7 

1.90  i 

8 

2.00 

9 

2. 10  1 

10 

2.00  1 

11 

1.80 

12 

1.80  , 

13 

1.85  1 

14 

1.90  1 

16 

1.80  1 

16 

1.85  1 

17 

1.95  1 

18 

2.00  1 

19 

2.10  1 

20 

•  *  1 
2.15  , 

21 

2. 25 

22 

2.10  1 

23 

2.05  1 

24 

2.07  1 

25 

" 

2.ft5  1 

26 

2.07  1 

27 

2.05  1 

28 

2.15  1 

29 

2.25  1 

30 

2.25  1 

31 

Apr.    I  May.   j  June. 


2.35  1 
2.40  ' 
2.  .50  ' 
2.50  ' 
2.55  I 
2.55 
2.58  I 
2.70  I 
2.80  1 
2.90  i 
3.10  I 
3.20  I 
8.20  I 
3.25 
3.35 
3.22  1 
3.18 
3.10 
2.90 
2.85  I 
2.70  ' 
2.  GO 
2.55  ' 
2.55  ' 

2.m  ! 

3.00  ' 
3.20 
3.20 
3.10  I 
3.30  ' 
3.50  ' 


Oct. 


Nov. 


3.35 
3:15 
3.10 
8.28 
3.32 
3.30 
3.a5 
3.45 
3. 55 
3. 45 
3.35 
3.35 
3.30 
3.30 
3.:i8 
3.25 
3.22 
3. 15 
3.20 
3.20 
2. 95 
2. 95 
2.92 
2.98 
2.92 
2.95 
2.92 
2.95 
:t.iK) 
2.78 


2.72 ; 

2.70  ! 
2. 75  I 
2.67 
2.70  ' 
2.00  ' 

2.50  i 
2.45  I 

2.51  I 
2.58  I 
2.5(i  I 
2.51  I 
2.47 

2.50  ' 
2.53  ' 

2.51  ' 
2.6-1  ' 
2.80  ' 
2.80  ' 
2.60  , 

2.52  I 
2.50  I 
2.48  1 
2.43  i 
2.48  I 
2.50  I 


2. 45 
2. 32 
2.50 
2.25 


2.32  I 
2.30  ' 
2.46  I 
2.  .50  I 
2.42  I 
2.45  I 
2.30  ' 
2.35  j 
2.25 
2.20  I 
2.18 
2.18 
2.18 
2.20 
2.20  ' 
2.20  ' 
2.30  I 
2.20  I 
2. 15  I 
2.12 
2. 10 
2.10  ' 
2.15  ' 
2.18  I 
2. 18  I 
2.08  I 
2.18  I 
2. 10  j 
2.10  ' 
2.05 
2.25 


2.18 
2.10  I 
2,10  I 
2.10  I 
2.05 

2.02  I 
2.00  j 
2.00  I 
2.00  ' 
2.00  ! 
2.00  1 

2.03  j 
2.00  I 
2.00  i 
1.95  j 
1.95  , 
1.95  I 
1.95  I 
1.95 
1.95 
2.30 
3.00 
2.95 
2.55 
2.55 
2.60 
2.40 
2.40 
2.55 
2.50 


2.45  2.'r. 

•J.  .50  2.15.; 

2.50  I        2.ti? 
2.50  2-Ul 

2. 50  2.  It? 

2.50  '         2.i^i 

2.40  

2.35    

2.30  J 

2.30  1 

2.  40  , 

2.35  ' 

2,3.">  1 

2.:v> 

I 

2,30  ' 

2.2.^>  I 

2.25    

2,  22 

2.20  1 

2,15! 

2.12  I 

2.15  j 

2.10    

2.20  i 

2.20  i 

2.10  I 

2.10  I 

2.10  I 

2.08  j 

2.05  ! 

2,05 
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^'%  r/*'i/*'  ii*'ighl^  174  j'eety  of  Snj^jlif  ditch  at  Lyoiutj  Volo.<^ 


» 
s 

9 

10 
II 
12 

11 

i:» 
10 
17 

1^ 

ly 


_';i 


21 

2') 
2ti 
27 
2s 
20 

:ai 
:n 


Dkv. 


1902. 


Apr.    !    May, 


0.21 
.21 
.23 
.25 


.25 

.25  I 

.•r> 

.25  j- 

.11 

.25  I 

.25 

.25 

.25 

.25 

.25 

.25 

.25 


'^5 


.25 
.25 
.25 


.25 


.25 
.25 


.25 


,25 


0.25 
.25 
.25 
.25 
.25 
.25 
.20 
.20 
.25 
.25 
.15 
.45 
.70 
.70 
.SO 
.«0 
.80 
.K) 
.SO 
.50 
.50 
.50 
.45 
.  45 

.  .45 
.20 
.00 
.W 
.80 
.80 

1.20 


j 
June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1 

1.30 

0.65 

0. 55 

0.25 

0.40 

0.40 

1.35 

.60 

.25 

.z5 

.40 

.40 

.92 

.65 

.25 

.2.5 

.m 

.40 

.50 

1 

.70 

.25 

.25 

.50 

.25 

'         .68 

.25 

.25 

.25 

.50 

.25 

,         .72 

.25 

.25 

.25 

.50 

.25 

1        .70 

.25 

.25 

.20 

.50 

.25 

1        .75 

.25 

.25 

.20 

.40 

,25 

.85 

.25 

.35 

.20 

.40 

.25 

.85 

.25 

.45 

.20 

.40 

.25 

'        .70 

.38 

.45 

.25 

.40 

.25 

.48 

.45 

.26 

.10 

.25 

,.50 

.  45 

.45 

.25 

.40 

.25 

.50 

.15 

.35 

.25 

.40 

.25 

.82 

.25 

.25 

.25 

.40 

.26 

.80 

.25 

.25 

.25 

.10 

.25 

.75 

.25 

.25 

.25 

.40 

.25 

.75 

.25 

.25 

.25 

.40 

.25 

.75 

.25 

.25 

.25 

.40 

.25 

.70 

.25 

.25 

.25 

.40 

.70 

.25 

.25 

.25 

.10 

.70 

.40 

.25 

.25 

.50 

.  55 

.40 

.25 

.60 

.20 

.50 

.40 

.2.-1 

.60 

•.20 

..50 

.25 

.2.5 

..'»0 

.10 

.50 

.25 

.40 

.40 

.40 

.10 

.  25 

.  45 

.10 

.40 

•30 

.10 

.10 

.40 

.40 

.25 

.  55 

.40 

.10 

.40 

.  25 

.♦W 

.40 

.40 

.10 



.50 

.  15 

.40 

"Th*'  daily  flow  of  Supply  diU;h  to  be  added  to  St.  Vraiii  Creek  at  gug^iiig  station  to  jfive  total  disj- 
clisirxr"'  of  St.  Vrain  Creek  u.se<l  in  working  up  run-ofT,  etc. 


iKnt'uuf  iahlefifi'  St.  ]^rain  (Vrrl'  at  ////o?w,  Coh>.j  for  lUO.i. 


(inge 
lu-ijrht. 


I.  1 
1.2 

1.:^ 

1.4 
l.o 
\A\ 
1.7 


I    IHwlmrKe. 

♦> 
4 

y 

IS 


Gage 
height. 


Frrt. 

l.S 
l.U 
2.0 
2.1 
2.2 
2.8 
2.4 


Diseharge. 


Stcoml-Jt  1 1. 
IS 

24 

48 
5i) 
74 


(iage 
height. 


Fat. 
2.  5 


2.0 


*}  7 


2.8 
2.9 
3.0 
8.1 


I)is<'harge. 

Snumd-Ja  i. 
91 
109 
180 
158 
180 
211 
245 


fJage 
lielght. 


lYtt. 

8.2 

•  »   •» 
.).  .1 

8.4 


8.6 
8.7 

8.8 


IMseharge, 


Sn'ond-Jtit. 
280 
821 
8(55 
418 
4(>8 
514 
5H9 
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t»o.M. 


Estijnaied  rrunithly  discharge  of  Si.  Vraln  Creek  at  Lyons,  Colo.^ 

[Drainage  area,  209  sqnare  miles.] 


Month. 


1902. 

April 

May 

June 

July 

August 

Septeml)er 

October 

Noveml)er  1-19 


Dlschai:ge  in  second-feet. 

Maximum. 

Minimum, 

Mean. 

57 

12 

34 

500 

70 

215 

485 

152 

312 

167 

69 

112 

95 

43 

59 

329 

31 

74 

107 

42 

69 

84 

Run-off. 


Total  in 
acre-feet. 


Setwnd-feet  \  j^    j^ 


per  square 
mite. 


ID 


inchi-^. 


2,023 

0.16 

13,220 

i.a3 

18,565 

1.49 

6,887- 

.54 

3,628 

.28 

4,403 

.35 

4,243 

.33 

3,165 

.40 

O.lJS 

1.19 

1.66 

.62 

.32 

.as 

.28 


aThi»  includes  the  flow  of  thu  supply  ditch. 


CLEAR   CREEK   AT   FORKSCREEK,  COIX). 

The  gaging  .station  i«  located  at  the  Forkscreek  railroad  station  <m 
the  Colorado  and  Southern  Railway,  in  Clear  Creek  canyon,  just  below 
the  junction  of  the  North  and  South  Forks  of  Clear  Creek.  It  wa.s 
established  May  29,  1899,  and  has  been  continued  through  the  irrigii- 
tion  seasons  of  1899,  1900,  1901,  and  1902.  The  gage  consists  of  a 
weight  fastened  to  a  wire  running  over  a  pulley  fastened  to  the  wall 
at  the  i-ailway  station.  Bench  mark  No.  1  is  a  point  on  the  tiiiibt*r  to 
which  the  pulley  is  attached,  and  is  13.58  feet  above  gage  datum. 
Bench  mark  No.  2  is  a  granite  point  49.5  feet  east  of  the  first  Wnch 
mark,  and  is  16Aiy  feet  above  gage  datum.  In  May,  1902,  a  trussed  foot 
bridge  48  feet  long  was  placed  across  the  creek  at  right  angles  to  the 
direction  of  the  current  just  below  the  railway  bridge  and  about  o<m» 
feet  below  the  forks  of  the  creek.  This  bridge  is  located  over  the 
most  desirable  cross  section  of  the  stream,  and  where  satisf acton' 
measurements  can  be  made.  It  is  p)ossible  to  secure  fairly  good  results 
by  means  of  measurements  made  at  two  bridges  above  the  forks.  At 
low  water  the  stream  is  gaged  })y  wading.  The  stream  flows  rapidly 
through  this  part  of  the  canyon,  the  channel  being  rocky  and  the  fall 
great.     Both  banks  are  high  and  rocky.     The  observer  is  C.  A.  Jones. 

The  following  discharge  measurements  were  made  during*  19<)2  by 
S.  G.  Lees  and  M.  C.  Hinderlider: 

June  14:  Gage  height,  2.90  feet;  diwcharge,  655  second-feet. 
September  10:  Gage  height,  1.50  feet;  discharge,  60  second-feet 
Sept«nil)er  20:  Gage  height,  1.60  feet;  discharge,  55  second-feet. 
October  15:  Gage  height,  1.80  feet;  discliarge,  82  second-feet. 
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Daily  gage  height,  in  feet,  of  Clear  Creek  at  FtyrkscreA',  ('oto. 


Day. 


Apr.    .   May. 

I 


1902. 


1 

1 

o                                                                                   ! 

3 1 

1 

.«) 

ft 1   

7 

K    . 

9 

10 ' 

11 

1 

12 

13 

Lft*) 

1.65 

15 

1.65 

'      1.75 

17 

1.70 

1.75 

19 

1.80 

Jl ' 

•23 

24 1 

'25 

•27 

1      1.60 

28 

'      1.70 

29 

1.75 

2.05 

31 

» 

2.10 

2.20 

2.40 

2.40 

2.30 

2.55 

2.60 

2.65 

2.65 

2.70 

2.75 

2.75 

2.70 

2.77 

2.80 

2.90  , 

2.90  I 

2.70 

2.75 

2.G5 

2.70 

2. 55 

2.55 

2.40 

2.55 

2.70 

2.95 

2.75  ! 

2.80  , 

2.80  I 

2.90 


June. 

1 

1  July. 

Aug. 

Hept. 

Oct. 

3.05 

2.60 

1.90 

1.60 

1.80 

2.95 

2.60 

1.90 

1.70 

1.80 

2.95 

2.55 

1.90 

1.70 

1.80 

2.95 

2.50 

1.90 

1.60 

1.80 

3.00 

2.50 

1.90 

1.60 

1.75 

8.00 

2.45 

1.90 

1.50 

1.70 

3.00 

2.40 

1.90 

1.50 

1,70 

3.tf> 

2.30 

1.90 

1.50 

1.70 

8. 15 

2.30 

1.80 

1.50 

1.70 

S.  15 

2.30 

1.85 

1.50 

1.70 

3.30 

2.25 

1.90 

1.55 

1.70 

3.05 

2.30 

1.90 

1.60 

1.70 

2.95 

2.20 

1.90 

1.60 

1.60 

2.95 

2.15 

1.90 

1.55 

1.70 

2.96 

2.15 

1.80 

1.65 

1.70 

2.90 

2.35 

1.80 

1.60 

1.70 

2.85 

2.40 

1.80 

1.55 

1.70 

2.78 

2.40 

1.80 

1.55 

1.60 

2.75 

2.30 

1.75 

1.60 

1.60 

2.75 

2.30 

1.70 

1.65 

1.60 

2.75 

2.20 

1.60 

2.05 

1.60 

2.70 

2.10 

1.60 

1.90 

1.60 

2.70 

2.10 

1.65 

1.75 

1.60 

2.65 

2.10 

1.80 

1.75 

1.60 

.2.65 

2.10 

1.80 

1.80 

1.60 

2.60 

2.10 

1.80 

1.75 

1.60 

2.70 

2.10 

1.80 

1.70 

1.60 

2.75 

2.05 

1.70 

1.70 

1.60 

2.75 

2.00 

1.70 

1.90 

1.50 

2.00 

2.00 
2.00 

1.70 
l.OTi 

l.SO 

Rating  table  for  Clear  (Wek  at  Ffrrkticrrek,  (Uo.,for  JWJ. 


Gai^e 
height. 


Fret. 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.1 


Pijwharge. 

'      Gage 
height. 

Fret. 

Di«fharge. 

1      Gage 
height. 

Feci. 

l)l.s<«harge. 

(}age 
height. 

Frrt. 

Di.s<*harge. 
Srrfyfnl-/rrf. 

Sertmd-frrt. 

Seetrwl-fcfi. 

S<Twtfl-/rct. 

20 

2.2 

179 

3.1 

480 

4.0 

946 

32 

'       2.3 

205 

3.2 

522 

4.1 

1,003 

44 

'       2.4 

235 

3.3 

566 

'       4.2 

1,060 

58 

2.5 

267 

3.4 

614 

4.3 

1,117 

75 

2.6 

299 

3.  5 

665 

4.4 

1,174 

93 

2.7 

332 

3.6 

719 

4.5 

1,231 

112 

2.8 

367 

3.7 

775 

4.6 

1,288 

133 

2.9 

403 

3.8 

832 

4.7 

1,345 

155 

3.0 

1 

441 

3.9 

889     , 

1 

4.8 

1,402 

86 


STREAM    MEASUREMENTS   IN    1902,   PART    III. 


rN.>.  M. 


JCntimatt'd  monilUi/  diAcharge  of  Clear  Creek  al  Farkjicreek,  O^o. 

[Draiimgu  iircH.  Mh  stiimre  miltj.s.J 


DiHcharge  in  wcoud-feet. 


Month. 


j  Muximiiin.      Nfiniiniim. 

I  I 


Mean. 


April  18-19,  27-:?0. 

May 

June 

July 

August 

SepU»iiil)er , 

Oct/)l)er  1-29 


422 

299  > 

112  1 
144 


155  , 

299  I 

133    ; 

58  I 

44 ; 

I 


81 

:n5 

398 

199 

94 

70 


Total  in  acn» 
fet't. 


1, 7  m 

19,309 

23, 683 

12,230 

5,  780 

4,10() 

4, 020 


Riiu-<>ff. 


in 


mil 


0.  2:? 
.91 

1.15 
.58 
.27 
.20 
.21) 


0 
1 
1 


Oh 
.'M 


801TTH   PLATTE    RIVER   AT    DENVER,  COLO. 

In  tho  spring  of  18i)"5  a  river  station  wa.s  ostablishod  at  the  Twonty- 
third  Street  Viaduct  in  the  city  of  Denver,  but  ohservatious  wore 
discontinued  on  Juno  18,  as  the  location  was  found  U>  ho  unfavonihle 
for  accurate  measureiiKMits,  and  the  water  had  faUen  ])elo\v  tlio  ipi^re. 
In  Jul}'  a  stjition  was  estal)lislied  at  the  Fifteenth  Street  Hridge  and 
observations  were  beg"un,  these  ])eing  made  in  the  inornintjf  and  in  the 
afternoon.  Stream  measurements  are  made  from  the  lower  side  of  the 
bridge.  The  original  gage  consisted  of  two  0  ])V  2  inch  timbers  .spiked 
together,  inclined  and  graduated  to  vertical  tenths  of  a  foot.  The 
space  between  the  marks  was  0.156  foot.  The  timln'rs  were  f Hastened 
to  posts  driven  into  the  l)ank.  The  l)ench  mark  is  h)7  feet  southwest 
from  the  gage  and  is  a  cross  mark  on  top  of  the  east  abutment  of  the 
Fifteenth  Street  Bridge  on  the  north  corner.  It  is  marked  B.  M.  and 
is  O.lo  feet  above  the  9 -foot  mark  of  the  gage  rod. 

Anotlier  inclined  gage  rod  reading  the  same  as  the  one  on  the  right 
bank  was  placed  on  the  left  side  in  August,  180S.  It  consisted  of  a 
4  by  4  inch  by  12-foot  timber  fastened  to  posts  driven  into  the  left 
bank  and  graduated  to  vertical  fe(»t  and  tenths. 

This  rod  was  washed  out  l)y  the  high  water  of  June,  1000,  which 
also  remoAcd  the  sand  ])ar  in  front  oi  the  rod  on  the  right-hand  side, 
making  it  avaihi])le  at  low- water  stages,  and  since  that  time  the  read- 
ings have  ))een  taken  from  the  latter  rod. 

The  initial  point  for  soundings  is  on  the  right  bank  at  the  post  of 
the  iron  railing.  The  channel  is  straight  for  about  1,(,>00  ft^et  above 
and  below  and  the  water  moves  with  moderate  velocitv.  The  bed  of 
the  stream  is  sandy  and  shifting.     This  point  is  immediately  below  the 
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mouth  of  Cherry  Creek,  which  enters  hetween  the  Fourteenth  Street 
and  Fifteenth  Street  hridges.  The  stream  at  this  point  is  confined 
!>etween  artificial  embankments  of  furnace  slag. 

May  15, 1JK)1,  a  T-milwas  placed  on  the  site  of  the  latter  rod,  which 
was  stolen.  The  rail  was  embedded  in  an  inclined  position  in  the  slag 
bank.  The  zero  of  the  rod  is  12  feet  below  the  top  of  the  capstone  of 
the  southeast  abutment  of  the  Sixteenth  Street  Viaduct  100  feet  north- 
oast  of  the  rod.  AH  readings  were  taken  from  this  rod  from  May  15, 
llMJl,  to  June  9,  1903,  when  the  rod  was  again  stolen.  On  June  10, 
li>03,  a  vertical  4  by  4  inch  timber  wavS  placed  at  the  same  point  and 
fa.^tened  to  a  cottonwood  tree.  The  zero  of  the  rod  was  placed  at  the 
same  elevation  as  the  zero  of  the  old  gage.  The  observer  is  J.  A. 
Banning,  water  commissioner. 

Dischanje  iiieasnretmmtj^  of  South  Platte  River  at  Denver^  Colo. 


Date. 


1902. 


April  1 

May  15 

May  29 

.June  10 

J  une  11 

June  12 

June  i:^ 

June  16 

July  16« 

July  22 

S<»pt ember  9  . 
Septeinlxir  12 
Oc'tol)er  14... 
0<-tol)er  28... 
OctoT)er29... 


Hydrographer. 


J.  E.  Field 

do 

do 

S.  G.  Lt>es 

do , 

do 

do 

do :.... 

do 

do 

M.  C.  Hiriderlider. 

....do 

do 

R.  W.  Hawley . . . . 
....do 


Gage 
height. 


Discharge. 


Pe<i. 

Srr.-fret. 

1.10 

107 

1.65 

241 

2.22 

557 

1.00 

74 

.98 

62 

i.a5 

68 

i.a5 

163 

1.00 

63 

1.09 

18 

1.13 

32 

1.10 

22 

1.00 

16 

1.30 

63 

1.19 

48 

1.12 

42 

aChauuel  changed. 


88 


STREAM   MEASUBEIKENTS   IN   1902,  PAST   III. 

DaUy  gage  height,  infeel,  of  South  PlatU  River  at  Denver,  Colo. 


(so.  sc 


Day. 


Apr. 


1902. 
1 

1.10 
1.09 
1. 10 
1.02 
1.04 
1.10 
1.00 
.9f> 
1.02 
1.05 
1.02 
1.07 
1.08 
1.08 

i.as 

1.07 

2 : 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

XU •■•••«_■_.••  n*  . • 

Oct. 


Nov. 


1.22 
1.24 

1.24 
1.21 


i.:«) 

l.i'i 
1.30 


1.20 
1.20 
1.20 
1.20 
1.10 
1.10 
1.00 
1.00 
1.20 
1,10 
1.00 
1.00 
1.00 
1.00 
1.20 


Dec. 


i! 


I 

I 

1.40  , 

1.25  I 

1.20  ' 

1.30  I 

1.12  I 

1.20  ' 

1.20  I 

1.15  I 

1.10 


17 
18 
19 
20 
21 
22 
23 
24 
25 
'  20 


*>7 


28 
29 
30 
31 


i; 


Day. 
1902. 

Apr. 

1.05 
1.00 
1.04 

1 

Oet- 


Nov 


1.30 
1.30 
1.20 
1.30 
1.30 
1.30 
1.30 
1.20 
1.20 
1.20 
1.-20 
1.'20 
1.20 
1.20 
1.-20 



Dec. 


1.10 
l.(B 
1.03 
1.20 
1.4U 
1.13 
1.-30 
1.20 
1.3?» 
1.30 
1.45 
1.45 
1.15 
1.10 
1.10 


Hating  tnhtefor  South  Platte  Ritrr  at  Denver,  Colo.,  for  1902, 

JANUARY  1  TO  JUNE  30,  1902. 


height. 


GaiETo 


Dl«.harKC.       „^:,-^t.       I.Is..harK.-.  |,    ^^^^ 


Gage 


Feet. 
0.  0 

Sftrond-feet 
2 

16 

.8 

82 

Frtl. 
0.9 

1.0 

1.1 


ir   -    - 

Second-feet.  U      Fed. 
48     |l       1. 2 


64 

83 


ll 


1.3 
1.4 


Discharge. 

Second-feet. 
106 

130 

156 


Gafe 
height. 

Fret. 
1.5 

1.6 

1.7 


Difiohaiige. 


Seronti-feet. 
187 
224 
270 


JULY  1  TO  DKCEMRER  31,  1902. 


0.8 

2 

n 
1 

1.2 

.9 

(> 

1 

i 

1.3 

1.0 

1.3 

1 ' 

1.4 

1.1 

30 

1 

1 

1 

1.5 

56 

90 

131 

174 


1.6 
1.7 
1.8 
1.9 


221 
270 
323 
379 


2. 

0 

2. 

1 

2. 

2 

435 
491 
547 


J^Jstiifiaied  monthly  iUi<charge  *if  Sfmth  Platte  River  at  Denrer,  Colo, 

[Drabiage  area,  3,840  s(}uare  miles.] 


Month. 


Dl.'tcharge  in  second-feet. 


Maximum,  i  Minimum. 

I 


I 

'      Total  in 
'     acre-feet. 


liK)2. 

April  1-19 

October  6-31... 
Noveinl)er  1-15 
December  8-31. 


Run-off. 

Second -feet  ^  r%.      *».  - 
perKouam   i  ^^\^  »" 


0.019 
.018 
.008 
.016 


0.013 
.017 
.004 
.015 


a^EWKU..] 


PLATTE   BIVEE   DKAINAGE   BASIN. 
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BEXR  greek  NEAB  MORBISON,  COLO. 

Bear  Creek  is  one  of  the  smaller  tributaries  of  th^.  South  Platte, 
heading  in  the  vicinity  of  Mount  Evans,  about  30  miles  southwest  of 
Denver,  and  entering  the  main  stream  about  8  miles  above  that  city. 
Although  usually  of  small  volume,  the  stream  di*ains  a  considerable 
poi-tion  of  very  mountainous  country,  which  is  subject  to  more  or  less 
violent  cloudbursts,  so  that  floods  sometimes  come  down  this  creek, 
causing  great  destruction  to  property  and  even  loss  of  life.  AIL  of 
the  normal  flow  of  the  stream  is  used  for  irrigation,  and  it  is  only 
during  high-water  stages  that  a  large  amount  of  water  passes  through 
it-  Records  of  its  flow  have  been  kept  for  a  portion  of  each  irrigation 
season  since  April,  1888,  with  the  exception  of  the  years  1892,  1893, 
and  1894.  The  prcvsent  station  was  established  April  1,  1899.  It  is 
Io<*ated  just  above  the  town  of  Morrison.  The  gage  rod,  which  iaa 
2-inch  by  6-inch  timber  placed  vertically  and  marked  in  feet  and 
tenths,  is  fastened  to  the  upper  side  of  the  dam  which  diverts  water 
into  the  mains  of  the  Denver  Union  Water  Company.  The  bench 
niai'k  is  the  top  of  a  granite  bowlder  about  100  feet  above  the  rod  on 
the  left-hand  side  of  the  stream,  and  it  is  10.33  feet  above  the  gage 
datum.  As  in  previous  years,  the  station  was  maintained  through 
cooperation  with  the  Denver  Union  Water  Company.  The  observer 
is  S-  Hebrew,  an  employee  of  the  Denver  Union  Water  Company. 

Observations  at  this  station*  were  discontinued  in  March,  1903,  sufli- 
cient  data  having  been  secured  since  its  establishment  in  1888. 


Da*ly  ffnge  Jieightf  infeet^  of  Bear  Creek  near  Morrison,  Colo, 


Day. 


1902 
1 

2 

3 

4 

5 

6 

7 


Feb. 


0.75 
.75 
.80 
.76 
.85 
.85 
.90 


Day. 

Feb. 

Day. 

1902.    . 
8 

0.95 

.95 

1.05 

l.tt^ 

1.05 

.95 

.92 

15. 
16. 
,  17. 
18. 
19. 

1  ^• 
21. 

1902. 

9 

10 

11 

12 

13 

14 

SOUTH  PLATTE  RFVER  AT  SOUTH  PLATTE,  COLO. 

This  station  is  located  at  the  junction  of  the  North  and  South  forks 
of  the  South  Platte  River  at  the  town  of  South  Platte,  on  the  Colo- 
rado and  Southern  Railroad,  about  9  miles  above  the  mouth  of  the 
canyon.  The  station  was  established  March  28,  1902,  by  John  E. 
Field,  at  the  wagon  bridge  crossing  the  main  stream  about  150  feet 
below  the  junction  of  the  two  forks.  This  station  is  of  special  impor- 
tance, its  location  being  above  the  diverting  gates  of  all  irrigating 


90 


STREAM    MEASUREMENTS    IN    1902,   PART    III. 


[NO.  H. 


ditches  and  also  above  the  intake  of  the  Denver  Union  Water  Com- 
pany, which  derives  the  greater  part  of  its  supply  of  water  from  t\w 
South  Phitte  River  a  few  miles  below  this  stjition.  The  locution  of 
the  Cheesman  Storage  Reservoir  on  the  South  Fork,  2i)  niiU's  alK)ve 
this  station,  and  the  contemplated  installation  of  large  power  plants 
on  the  two  forks  al)ove,  also  add  to  the  importance  of  this  station  n<  a 
point  from  which  to  secure  data.  Bridges  across  either  fork  abovt* 
the  main  station  allow  of  measurements  being  made  on  these  .streams, 
thereby  checking  all  gagings  on  the  main  stream  below. 

The  gagings  on  the  main  stream  are  made  at  high  water  from  a 
wooden  wagon  bridge  76  feet  long,  and  at  low  water  b}-  wadiiiM".  The 
channel  at  this  point  is  composed  of  bowlders  and  gnivel  and  is  rea- 
sonably stable.  The  right  bank  is  the  mountain  side,  rising  dircctly 
from  the  bed  of  the  str(Mim  at  a  slope  of  a])out  45  degrees.  The  left 
bank  is  low  and  covered  with  trees,  and  liable  to  overflow  at  very 
high  water.  The  gage  rod  consists  of  a  2  by  4  inch  timber  7  f(M^t  long, 
spiked  in  a  vertical  position  to  the  upstream  face  of  the  tiiiiher  pier 
in  the  middle  of  the  river;  the  bench  mark,  which  is  a  nail  driven  int^^ 
the  cap  timber  of  the  pier  just  above  the  rod,  is  10.16  fe(»t  above  the 
zero  of  the  rod.  Observations  have  been  made  twice  dailv  durinir  the 
irrigating  season  since  th(M\stablishment  of  the  station.  The  o))server 
during  the  summer  of  11H)2  was  John  B.  Sevan.  This  station  i> 
located  onlv  about  2^0  feet  from  the*  Colorado  and  Southern  R^iilwav 
station,  and  is  easily  accessible  from  Denver. 

Dischanje  uwanureinrnts  of  St)nth  Platte  River  at  Sttidh  Piafte^  (^do. 


Date. 


1902. 

iVIarch  28 

May2 

June  l.S 

.July  17 

Do 

AnpfUHt  12 

August.  25 

8ej)teinl>er  7 

September  S 


HydrograpluT, 


J.  P:.  Field 

....do 

S.    G.    \AiQ^ 

....do 

....do 

....do 

J.  E.  Field 

M.  C.  Hinderlider. 

J.  E.  Field 

M.  C.  Hinderlider. 


September  \'.\ 

Septemlx?r  28 , do  . . . 

()ctol)er  17 '  S.  G.  T^es 


October  27, 


K.  W.  Hawley 


Gagi' 
height. 


Fed. 
1.H5 

2.00 
1.87 
1.00 
1.04 
1.00 
1.  55 
1.20 
1.20 
1.25 
1.45 
1.20 
1.18 


l)is"haivt'. 


14.> 
57 


NrWEM..] 


PLATTE    RIVER   DRAINAGE    BASIN. 
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litiUy  gmje  height,  in  feet,  of  South  PUitte  River  at  SoiUh  PkUte,  Colo. 


-> . 
7  . 


9. 
10. 
11  . 
12. 
13. 
M  . 

ir>. 

16. 
17  . 
IS. 
19  . 
21). 

21  . 

22  . 


21 

2:> 

JG 

27 
28 
•29 
M 
31 


Day 


1902. 


Ai>r. 

May. 

Junu. 

July. 

Aug. 

Sopt. 

0<"t. 

Nov. 

1.72 

1.11 

2.50 

1.55 

1.00 

1.20 

1.20 

0.95 

1.72 

1.56 

2.16 

1.50 

1.00 

1.20 

1.30 

.95 

l.GO 

2.00 

1.56 

1.60 

1.00 

1.20 

1.20 

.97 

l.ftT) 

1.65 

1.66 

1.60 

.56 

1.25 

1.10 

.97 

1.55 

1.55 

1.56 

1.40 

1.25 

1.20 

1.10 

.97 

1, 72 

1.65 

1.66 

1.35 

1.60 

i.:« 

1.20 

.85 

'       1.82 

1.55 

1.56 

1.30 

l.JiO 

i.:io 

1.10 

.a5 

2.12 

1.56 

1.55 

1.30 

1.20 

1.:jo 

1.10 

.90 

3.:*) 

1.11 

1.56 

1.30 

1.10 

1.40 

1.10 

.95 

2.80 

1,55 

1.10 

1.40 

1.10 

1.30 

1.00 

1.02 

2.95 

1.65 

1.57 

1.25 

1.10 

i.:w 

1.00 

1.02 

2.40 

2. 15 

1.10 

l.X) 

1.00 

1.22 

1.20 

2.80 

2.15 

1.50 

1.35 

1.05 

1.25 

1.20 

2.90 

2. 15 

1.46 

1.25 

1.00 

1.30 

1.10 

2.85 

2.15 

1.50 

1.15 

1.15 

1.30 

1.1» 

2.45 

2. 15 

1.50 

1.00 

1.30 

1.30 

1.10 

2.25 

2. 15 

1.45 

l.;i5 

1.40 

1.20 

1.10 

2.20 

2.10 

1.45 

1.40 

1.40 

1.20 

1.10 

2. 20 

2.  a') 

1.45 

1.40 

1.40 

1.20 

1.00 

........ 

2.30 

L.Vj 

1. 45 

i.:y» 

1.40 

1.30 

1.00 

. .  .^ . . . . 

2.30 

1. 10 

1.80 

1.25 

1.40 

1.40 

1.00 

3.25 

1,90 

1.75 

1.'20 

1.60 

1.60 

1.00 

2.00 

1.85 

l.GO 

1.25 

1.60 

1. 35 

.  95 

1.90 

l.so 

l.(K) 

1.20 

1.20 

1.25 

.90 

1.90 

1.75 

1.55 

1.20 

1.20 

1. 15 

.£0 

1.90 

1.45 

1.51) 

1.20 

1.40 

1.10 

1.02 

1.90 

2. 25 

1.55 

1.20 

1.40 

1.10 

1.02 

1.90 

2. 40 

1.50 

1.15 

1.40 

1.15 

.95 

1.82 

2.  Tk. 

1.85 

1. 15 

i.;i5 

1.20 

.98 

1.90 

2. 55 

1,«>5 

1.10 

1.20 

1.20 

1.02 

2.  15 

1.00 

1.25 

1.02 

Jtat'nuj  table  for  SoiUh  Platte  Hirer  at  South  Platte,  Colo.,  for  J  90:?. 


heiKht. 

Di.schurgo. 

(ittge 
lu'ight. 

1 
Discharge. 

Gage 
height. 

Diseharge. 
Sicwtijnt.  ' 

Gage 
height. 

FrH. 

1 

Discharge. 

Fr*1. 

S4fnu<l-f(ft. 

/•>v/. 

Fa  I. 

tkcmid-Jitt. 

0.2 

5 

1.0 

1.8 

150 

2.0 

348 

.:^ 

8 

1.1 

(>r> 

i        1.9 

178     1 

,        2.7 

380 

.4" 

12 

1.  2 

7r.         ; 

'       2.0 

197 

2.8 

414 

.  5 

18 

!.:{ 

8f>     ' 

1 

2.  1 

218     , 

2.9 

449 

.0 

24 

• 

1.4 

<)8 

2.  2 

240 

1       3. 0 

48.") 

.  t 

.SO 

1 .  o 

112    ! 

2.  3 

264 

3.1 

521      ■ 

.8 

3(5 

l.(i 

127 

2.4 

290 

3.2 

557 

45 

1.  / 

143 

2.5 

318 

3.3 

593 
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E^irmited  motUlUu  discharge  of  South  Platte  River  at  South  PlaUej   tYtlo. 

[Dtaina^e  area,  2,612  wiuaro  miles.] 


Month. 


1902. 
April 

May 

June 

July 

August 

Septeinbor 

October 

Novenil)er  1-1 1 


Discharge  in  8i«cond-feet. 


Maximum. 


593 
864 
318 
119 
127 
127 
86 


Minimum. 


Mean. 


119 
65 
65 
55 
21 
65 
45 


260 
180 
127 
85 
81 
82 
61 
49 


Total  in  acre- 
feet. 


15, 471 
11,068 
7, 557 
5,226 
4,980 
4,879 
3,750 
1,069 


Run-off. 


Second-fc^t 

per  square 

mile. 


Depth  is 
inchrrs. 


0.100 
.069 
.049 
.033 
.  031 
.031 
.023 
.019 


0.112 

.OSO 

.av5 

.038 

.0:J5 
.027 
.OiO 


M'incfllnnemiR  meamiremerUs  in  Platte  Jtiver  drainage  ha^in. 
[Afade  by  H.  o.  Sir::'.    K.  K.  Forbes,  ,1.  C.  Stevens,  Frank  Dobson,  Adna  Dobwn,  R.  H.  Willb*,] 

NEBRASKA. 


Date. 


Stream. 


1902.  1 

July  5 !  Buffalo  Creek 

Do do 


Ij«H»lity. 


March  25 1  CalauiuH 


March  21 j  Elkhom     River,     North 

Fork. 

1 

April  13 do 

May  12 1 do 

June  16 do 

July  26 do 

August  22 do 

Septeird)er  29 i do 

Noveuilx*rl4 ' <lo 

March  25 |  I^mp,  North. 

March  23 { do 

Do I  Ix)up,  Middle 

September  7 i  Platte  River 

August  26 1  Platte  River,  North 


Sec.  33,  T.  9,  R.  18.. 
St»c.  :W,  T.  10,  R.  20. 

Burwell 

Norfolk 


August  28 1 do 

Septeml>er  8 ' do 

September  22 i do 


do 

do 

do I 

do ' 

do ; 

do I 

do 1 

I 

Bun^^ell 

St.  PaiU I 

do I 

Kearney , 

Sec.  3,  T.  23,  R.  58   \V.,   \ 
State  line. 

do 

do 

do ..] 


Iii*u 
fharsre. 


6.4 

2.0 
411 
118 

150 
116 
187 
1*18 
170 
242 

lis 

1 ,  (XSS 
1,  186 

i,5:« 

Drv. 

31 

31 

8 

630 


NEWBLI^] 
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MisceUanemis  ineatntre mails  in  PlntU  River  draiimge  bwfin — Continued. 

NEBRASKA— Continued. 


1902. 
April  9 
May  20 
Jnly  7 
July  10 
October  1 
August  18 
April  23 
Mav  7. . 
September  7 

July  17 

August  18 

July  22 


Locality. 


Dis- 
charge. 


Platte  River,  South 

do 
Salt  Creek 

do 

do 
Spring  Creek . 

do 

do 
Wood  River 

Blue  Creek 

....do 

Lawrence  Fork. 
....do 


Do 

July  29 do 

Julv31 do 

I 

August  IS I  Lonergan  Creek 

August  19 Sand  Creek 


May  7 


Do... 


Do 


White  Tail  Creek 


do 


do 


April  18 Loilge  Pole 

April  25 do  .... 

June  2 do 

July  2 do 


Do 


do 


North  Platte 

do 

Lincoln 

do 

do 

Sec.  30,  T.  10,  R.  21W... 

Sec.  36,  T.  14,  R.  47W... 

Sec.  30,  T.  15,  R.  ;^7W... 

Sec.  12,  T.  9,  R.  16  W 

Sec.  6,  T.  16,  R.  42W 

Sec.  19,  T.  16,  R.  42W... 

Sec;.  36,  T.  19,  R.  52  W.... 

Sec.  11,  T.  18,  R.  52W... 

Sec.  1,  T.  18,  R.  52W 

Sec.  15,  T.  18,  R.  52W.... 

Sec.  19,  T.  15,  R.  39  W . . . . 

Sec.  14,  T.  Ie5,  R.  40W.... 

S.  line  sec.  36,  T.  15,  R. 
38  W. 

N.  line  sec.  36,  T.  15,  R. 
38  W. 

NE.  \  sec.  26,  T.  15,  R.  38 
W. 

Sec.  36,  T.  14,  R.  47W.... 

Sec.  35,  T.  15,  R.  55AV.... 

Kimball 


Sec.  25,  T.  15,  R.  56W. 
Sec.  31,  T.  15,  R.  56  W. 


Sec.-fcrt. 
Dry. 
207 
«5, 438 
alO,  136 
92 
LO 
2.4 
2.5 
27.3 
90 
50 
1.4 
1.6 
2.9 
2.2 
2.5 
1.3 
24.7 

36.0 

33.0 

4.0 

12.0 

5.6 

7.5 

10.5 


a  Flood. 
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Mii<Cfll(ineoiiJi  ineaanremeiitH  in  the  Platte  drainage. 
[Made  by  A.  J.  Parehall  ami  \V.  P.  Kclwanls.] 


Date. 


1902. 

Septeiiil)er  11 
Septeml)er  12 
Sei)tember  14 
September  24 
SepteDiber  26 
September  29 

()ct<>l)er  1 


stream. 


North  Platte  River 

do 

do 

do 

do 

do 


Locality. 


do 


Septend)er  12 Brunh  Creek,  (^arl)oii 

Count V,  Wvo. 

Do (iraiKl Encampment C-reek, 

Carbon  County,  Wyo. 


Saratoga 

At  mouth  of  Brush  Creek 

Fort  Steele 

do 

Bijr  Bend , 

North  of  Seminole  Moun- 
tains. 

South  of  Seminole  Moun- 
tains. 

At  moutli 


! 


Septenil)er  18 Cow  Crt*ek,  Carbon  Coun- 
ty, Wvo. 

September  14 |  Pass  Creek,  Car])on  ('oun- 

ty,  Wyo. 

Medicine  Bow  River,  C'ar- 
bon  Cbunty,  Wyo. 

South  I'ork,  Crow  Creek.. 


Near  mouth, 
do 

do 


Septem}>er  29 
January  1 


Jamiarv  8 , 


I)<i 


do 


Clear  Crt^ek  (tributary 
Crow  Creek). 

do 


Do I  North  Fork,  Clear  (Veek 

I       (tributary  Crow  Oeek ) . 


(iranite  Can  von,  I^ramie 
Count V,  Wvo. 

Keis    Springja,    I^ramie 
County,  Wyo. 

(^orlett,  Lanimie  Countv, 
Wvo. 

■r 

d 


ao 


Januarv 15. 


Mi<ldleCrow. 


March  J  2 


do 


Jul V  H 1  Bear  ( 'ri'ek 

Julv  9 1  North  Turkey  ( 'n^'k 

Do [   Klk  Creek 

Do I  1  )eer  Park  Creek 

Do 1  Nortli  Fork  S»nith  Platte. 

Jid V  10 HallH  Ciulch 


Do Jefferson  C 'reek 

Do Michigan  Creek 

Do I  Tarryall  Creek i 

Do !  Middle  Fork  South  Piatt*-  I 


Julv  11 

■r 

Do 


River. 
Fourmile  Cn-ek 


South  Fork  South  IMatte 
Kiver. 


Sinunons,  i^raniie  Coun- 
tv, Wvo. 

At     dam     site,     I^nunie   ' 
County,  Wyo.  , 

.Morrison 

Near  Conifer 

Winston ' 

liailev 1 

do t 

Webster i 

Jeffers<m > 

Como ! 

Near  Como ..' 

Fairplay 

Near  Fairplay 

Near  J  Buffalo  Sjirings 


chai>re. 


IttS 


tv5 


SO 
2:58 

362 


;{5 

.4H 
40 

.  Ut 
.  12 
.  14 


:?.  14 

IS 

h 
4 

7u 

U 

lb 

ti 

11 

:?*^ 

4 

2S 


NKUELhJ  WESTERN    MISSISSIPPI    BIVEK    DRAINAGE.  95 

KANSAS  UIVKU    DKAIXAOK  BA8IN. 

The  (Iraiimt^e  [»asin  of  the  Kansas  River  li(;«  between  tliose  of  the 
Phitto  and  Arkansas  rivers,  being  entirely  within  the  region  of  the 
Cireat  Plains,  and  principally  within  the  arid  or  semiarid  area.  It  has 
no  mountain  tributaries,  but  depends  entirely  for  its  wat(»r  suppl}' 
uiK>n  the  water  which,  falling  within  or  near  the  basin,  percolates 
slowly  to  the  drainage  channels.  The  catchment  area  extends  from 
eiistern  C'olomdo  to  the  Missouri  River,  a  distance  from  east  to  west 
of  4><^>  miles.  Its  extreme  width  is  al)out  200  miles.  The  main  stream 
of  the  Kansas  River  is  formed  at  »I unction,  Kans.,  })y  the  Republican 
and  Smokv  Hill  rivers,  and  flows  east  into  the  Missouri  at  Kansas 
City.  The  Republican  is  its  principal  tri})utjirv  and  drains  southern 
N(»hniska  and  northern  Kansas  bv  means  of  manv  small  tributurv 
creeks.  The  Solomon,  Saline,  and  Smoky  Hill  rivers  drain  the  })lains 
of  iu>rthw(\stern  Kansas.  The  Blue  River  is  a  small  tributjirv  in 
northeastern  Kansas,  flowing  south  into  the  Kansas  River,  near  Man- 
hattan, Kans.  The  following  is  a  list  of  the  stations  in  the  Kansas 
River  <lrainage  basin: 

KaiiFa*<  River  jit  Locompton,  Kans. 

Blue  River  near  Manhattan,  Kans. 

Uepiiblican  River  at  Junetion,  Kans. 

lit*I>iil)liean  River  ami  tlie  Mill  Rare  near  SnjH'rinr,  Nebr. 

Solomon  River  at  Niles,  Kans. 

Saline  River  near  Salina,  Kans. 

Smokv  Hill  River  at  Ellsworth,  Kans. 

KANSAS    KIVKK   AT    LECOMITON,   KANS. 

The  g^agi ng  .^bit ion  at  Leeomi)ton  was  established  April  1(5,  ISiH),  at 
the  new  wagon  l)^idg(^  On  »Fune  24,  1^00,  a  new  gage  was  established, 
the  old  gage  having  been  l)roken.  The  i)resent  gage,  a  i)ine  board  1 
ineh  by  1  inch  by  Lo  feet  long,  graduated  to  feet  and  tenths,  is  s[)iked 
on  top  of  the  old  gage,  and  is  at  the  same  elevation.  On  October  2<), 
19()<»,  a  bench  mark  was  established  on  top  of  the  bottom  flange  of  the 
iron  strut  connecting  the  two  iron  cylinders  at  the  south  end  of  the 
hit^'hwav  bridire  over  the  river.  The  bench  mark  is  at  the  W(»st  end  of 
the  strut,  next  to  the  cylinder.  Its  elevation  is  12.1l>  feet  a])ove  the 
zero  of  the  gage.     The  observer  is  A.  I).  McxVdow. 
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STKEAM   MEASUREMENTS   IK    1902,   PART    III. 
I>iitcfiarye  memfurcinenta  of  Kansas  Rm*r  at  LfcomjUmt,  Karis. 


iNO.  '4. 


Date. 


1902. 


April  28  . 
May  28.. 

June  9 

June  21 . . 
July  12 . . 
July  30 . . 
August  27 


HydroKrapher. 


Gaf^e 
heiKht. 


W.  G.  Ruasell. 
do 


do 
.do 
.do 
.do 
do 


Ft'ti. 
3.00 
7.00 
8.25 
G.50 

16.:i5 
6.15 
7.70 


14,314 
17,  ISJ 
13, 147 
72, 173 

12,  S79 
17, 720 


1.. 

2., 

3. 

4.. 

5., 

6., 

7.. 

8.. 

9.. 

10.. 

11., 

12. 

13. 

14. 

15.. 

16., 

17.. 

18.. 

19.. 

20.. 

21.. 

22.. 

23.. 

24.. 

25., 

26.. 

27.. 

28.. 

29.. 

30.. 

31.. 


Daily  gage  height,  in  feel,  of  Kantfas  liivtr  at  jA:romp(on,  Kuna. 


Day 


1902. 


Jan.    Feb. 


2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.20 
2.30 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.35 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 

2.;» 

2.30 
2.30 
2.30 
2.30 
2.20 


I 


2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 


Mar. 


2.00 
^2.00 
2.00 
1.90 
,1.90 
1.80 
2.20 
2.65 
2.85 
3.15 
3.40 
3.35 
3.20 
3.00 
3.00 
3.50 
3.50 
3.40 
3.40 
3.40 
3.30 

8.:» 

3.50 
3. 50 
3.40 
S.40 
3.30 
3.30 
3.80 
3.30 
3.30 


Apr.    May. 


3.40 
3.40 
3.35 
3.30 
3.20 
3.20 
3.20 
3.20 
3.20 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.a5 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
S.00 
2.95 


2.90 
2.90 
2.90 
2.90 

3.05 

3.35 

3.65 

3.80 

3.75 

3.70 

3.75 

3.95 

4.25 

4.50 

4.90 

4.90 

I  4.70 

I  4.95 

,  5.40 

I  5.70 

I  6.20 

I  6.70 

7.10 

7.75 

8.40 

9.45 

9. 25 

7.60 

5.65 

5.55 


June. 


7.26 
7.50 
7.00 
6.60 
7.20 
7.70 
9.00 
8.50 
7.95 
9.50 
9.60 
9.20 
8.50 
7.80 
7.50 
7.25 
6.90 
6.70 
6.50 
6.45 
6.65 
8.80 
8.45 
7.70 
7.15 
6.70 
6.35 
6.00 
9.00 
10.70 


July, 


10.95 
11.30 
11.75 
11.95 
12.20 
12. 50 
12.85 
13.20 
13.80 
14.60 
15. :« 
16.30 
16.85 
17.40 
17.60 
16.65 
15.55 
13.50 
11.50 
12.80 
10.60 
8.60 
7.00 

7.:« 

7.ft'i 
7.00 
7.00 
6.80 
6.35 
6.10 
7.15 


I     .. 


Aug.    Sept.     Oct.    Not.     Ihf. 


I 


8.00 
7.55 
7.10 
6.55 
5.50 
5.30 
4.90 
4.70 
4.60 
4.90 
5.40 
4.95 
4.90 
4.85 
4.80 
4.80 
4.70 
4.65 
4.60 
4.50 
5. 15 
5.55 
6.75 
0.  ro 
(•>.  50 
6.85 
7.75 


8.00 

8.20 

8.86 

12.85 

14.45 

12.85 

11.35 

9.90 

8.95 

8.50 

7.90 

7.45 

6.90 

6.60 

6.10 

5.20 

4.70 

4.30 

4.30 

4.30 

4. -25 

'  4,aO 

I  4.15 

I  4.10 

I  4.10 

I  4.30 

5.80 

6.20 

'  6.40 

6.65 

6.90 

8.30 

8.80 

7.90 


I 


7.60 
7.50 
9.35 
11.20 
13.05 
12.40 
10.20 
9.90 
9.55 
8.70 
7.t>5 
7.65 
S.!» 
9.75 
9.90 
8.  .V> 
7.90 
7.35 
6.90 
6.4> 
6.05 
6.00 
5.00 
5.70 
.5.60 
5.60 
5.60 
5.60 
5.40 
5.40 
5.40 


5.ti0 
5.a> 
5.  GO 
5.60 
5.00 
5.  GO 
5.  GO 
5.60 
5.60 
5.60 
d.-'iO 
\55 
5.70 
5.90 
<>.00 
6.00 
6.10 
6.40 
6.65 
6.50 
6.40 
6.20 
6.20 
6.20 
6.15 
6.10 
6.05 
6.00 
6.00 
5.80 


5.K! 
.V7T» 
5.7i» 
5.  TO 
.V70 
.5,70 
5.7U 
5.t6 

5.60 

5.»Ty 

5..T0 

5.IU 

.=>.« 

7.00 
7.2f^ 
7.* 
7.^ 


i.'^y 


T.10 
7.i«- 
7  t«' 
T.W 
I*.. 'A* 


NEWELL.] 


KANSAS    KIVER   DRAINAGE    BASIN. 
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RiUittg  Uihle  Ji/r  Kaiim»  River  nf  Tjecompton^  Kans.,for  li)0:S. 


height. 

1 

Dieicharge. 

1 

height. 
Fed. 

DiKcharKo. 

Sreoiid-fef't.  1 

1 

(Jagi* 
height. 

Ffct. 

1 
DlHchargf. 

Oogc 
height. 

niwharge. 

Ffrt. 

i^T*mtl-/ceL  \ 

Fed. 

Second-Jeet. 

2.0 

275 

4.6 

•  6, 710    : 

7.2 

15,200     1 

9.8 

24,300 

2.2 

625 

4.8 

7,:^oo 

7.4 

:     15,900    ' 

10.0 

25,000 

2.4 

1,000 

5.0 

7,900 

7.6 

i     16, 6(K) 

10.5 

27,500 

2.6 

1, 425 

5.2 

8,510 

7.8 

17,300 

11.0    1 

30,000 

2.8 

1,885     1 

5.4 

9,130 

8.0 

18,000 

11.5     1 

32,  750 

3.0 

2,375 

5.6 

9,770 

8.2 

18,701^ 

12.0 

.35, 500 

3.2 

2,890 

1 

5.8 

10, 430 

8.4 

19,4a) 

12.5 

:«,  625 

3.4 

3,415     , 

6.0 

'     11,110 

8.6 

20,100 

13.0 

41,  750 

3.8 

3,940 

6.2 

11,790 

8.8 

20,800     ' 

13.5 

45, 375 

3.8 

4,465 

6.4 

12, 470 

9.0 

21,500     , 

14.0 

49,000 

4.0 

5,000 

6.6 

13,150     ' 

'      9.2 

22,200     1 

15.0 

58,000 

4.2 

5,550 

6.8 

13,830 

9.4 

22,900     1 

16.0 

1 

67,000 

4.4 

6,120 

7.0 

14,510 

9.6 

23,  (500     ' 

17.0 

76,000 

E^tijmUed  monthly  dinchartje  of  Kamfwn  River  at  Leamipton,  KniM. 

[Drainage  area,  5H,550  Miuare  miles.] 


l)iw:harge  in  secoiul-feet. 


Run-off. 


Month. 


Maxi  I  um.  |  Minimum. 


Mean. 


1  Total  in  acri'-i 
I         feet.         ,  Seeond-feet 
'  I   per  Miuare 

'       mile. 


1902. 


Depth  in 
inchcK. 


January  . . 
February . 

March   

April 

Mav 

June 

July 

August 

September. 
October  ... 
November . 
Decem>)er  . 


1,000 
625 
3,675  I 
3,415  I 
23,075  I 
28,500  I 
81,400 
40,812  I 
53,a50  ' 
42,112  ' 
13,  320 
15,900 


The  vear 


81,400 


445 

275 

100 

2,250 

2, 125 

11,110 

11,450 

6,415 

5, 270 

9, 1.30 

9,450 

9,i:^ 


707 

492 

2,460 

2,  653 

8,  435 

17, 131 

38, 291 

11,941 

14,990 

17,  734 

'  10,830 

I  11,785 


47, 161 

27,  324 

151,259 

157,  8()4 

518,  <>48 

1,019,3(^5 

2,  354,  422  | 

7;M,223  I 

891,977  i 

1,090,421  ' 

()44, 430 

724,  631 


0.01 
.01 
.04 

.a5 

.14 
.29 
.65 
.20 
.26 

.:W 

.18 
.20 


100  ,  11,459  ,  8,361,725 


.20 


0:01 
.01 
.05 
.06 
.16 
.32 
.75 
.23 
.29 
.  ;i5 
.20 
.23 

2.66 


BLUE    RIVEU   NEAR   MANHATTAN,  KANS. 

The  gaging  statioiu  establinhed  April  12,  ist^o,  is  at  the  county 
bridge  4  miles  north  of  Manhattan.  The  gage  rod  consists  of  three 
sections,  the  lower  being  an  ash  stick  driven  into  the  bottom  of  the 
river  and  bolted  to  an  overhanging  cottonwood  tree,  30  feet  east  of  the 
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[so.  M. 


bridge.     The  other  two  sections  of  the  rod  are  lx)lted  to  the  south 
bridge  pier.     The  l)eiich  mark  is  a  cross  cut  in  the  capstone  of  the 
south  bridge  pier  immediately  a>>ove  the  upper  gage,  and  is  3:2.135 
feet  above  gage  datum. 
The  observer  is  C.  M.  Matter. 

Discharge  measurementH  of  Blue  River  near  ManJvaUanj  Kann. 


Date. 


HydroRrapher. 


1902. 


March  14 ,  W.  G.  Russell 

April  29 do 

May  20 do 

June  10 do 

June  26 do 

July  9 do  .: 

July  14  « do 


hei^t. 

DtMcharpe. 
Strond-frti. 

FcH. 

4.10 

5$4 

3.80 

:m 

5.00 

852 

18.05 

17,rt2:{ 

6.70 

l,9ic; 

25.15 

31,273 

26.85 

31,ti6l> 

a  Backwater  from  ICansa.s  River  probably  eauRod  low  dlsrhanfe  on  July  14. 
Daily  gage  height,  in  feet,  of  Blue  Rirer  near  ManhatUm^  Kana. 


Day. 


1902. 


I  I  '  ,  I 

Jan.  '   Feb.  ,  Mar.    Apr.  ,  May.  ,  June.  |  July. 

ill'  I 


1 1  4.20 

2 i  4.00 

3 '  3.80 

4 !  3.80 

5 !  3.90 


'  4.00 

'  4.00 

'  3.90 

j  3.90 

I  3.80 

I  4.00 

•  3.90 

I  3.90 

\  3.90 

'  3.90 

,  3.90 

i  3.90 

'  3.90 

'  4.00 

4.00 

4.00 

4.00 

4.00 

4.10 

4.00 

<»4.00 

'<t3.90 

I    («) 


6. 

7. 

8. 

9. 
10. 
11. 
12. 
18. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 


(") 

(") 

«3.80 

,0  4.10 

(") 

(") 
'n4.20 

I  ^") 
,  (") 
,  "  4. 2U 

I     I") 

;    (") 

I  "4.30 

"4.40 

(") 

(") 

"4.40 

I      /   ■ 

I     (") 
'  4.  nO 

(") 
"4.70 

.15.00 
"4.  so 


29 "3.90 


30. 
31. 


I'i4. 00 


'M.SO 
4.90 
5.00 
4.70 


4.W 
4,00 
4.G0 
4.r)0 
4.40 
4.30 
4.30 
4.10 
4.10 
4.10 
i  4.00 
4.10 
4.20 
4. 1:0 
4.20 
4.10 
4.20 
1.20 
4.10 
4.20 
4.10 
4.00 
1.00 
4.00 
4.00 


4.00  I 
4.10  ' 
4.10  \ 
4.10  \ 
4.20  I 
4.20 
4.20  I 
4.20  ! 
4.20  ' 
4.10  I 
4.00  , 
4.00 
4.00 
4.00  , 
4.00  I 
4.00 
4.00  i 
4.00 
4.00 
4.00  I 
3.90  ' 
3.90  I 
3.90  , 
3.90  I 
3.90  ! 
3.90  , 
3.90  i 
3.«) 
3.W 
3.  SO 


3.  SO 
3.80 
3.80 

4.  HO 
4.10 
3.90 
3.90 
3.90 
3.90 
3.90 
4.00 
4.00 
3.80 
4.80 
4.60 
4.60 
5.30 
4.70 
5.30 
5.20 
4.90 

10.20 

10.10 

10.30 

18.00 

14.10 

8.  SO 

7.  SO 

6.40 

G.OO 

5.70 


5.50 

5.30 

5.20 

5.10 

5.00 

7.20 

6.80 

13.00 

16.00 

18. 50 

18.00 

14.00 

12. 10 

11.60 

13.70 

12.60 

10.50 

10.30 

10.60 

13.50 

15.50 

12.00 

9.00 

8.70 

7  50 

6.80 

6.40 

13,50 

11.80 

11.60 


22.00 
21.50 
19.30 
18.70 
18.60 
14.20 
9.70 
19.40 
25.00 
29.00 
31.50 
31.20 
30.00 
28.60 
18.70 
12.80 
11.20 
10.70 
11.20 
14.80 
13.20 
12,50 
13.60 
13,40 
14.80 
15.30 
11.30 
11.50 
11,60 
11.70 
11.80 


Aujf. 


11.50 

10.90 

10.00 

9.40 

8.80 

7.90 

7.80 

7.60 

7.50 

7.30 

7.00 

6.90 

6.90 

6.80 

6.70 

6.50 

6.60 

6.50 

6.50 

7.90 

8,20 

7.90 

8.10 

8.40 

8.20 

8.10 

10.40 

11.20 

11.30 

15.00 

23.30 


Sept.  ,   Oct.       Nov.     lHt\ 


24.50 
20.90 
17.90 
13. 10  I 
9.40  I 
8.60  I 
8.20  I 
7.90  I 
7.40  I 
7.10  ' 
7.10 
6.90 
6.60  I 
6.50  ' 
6.50  ' 
6.30  ' 
6.30  ' 
6.20 
6.10  \ 
6.10 
6.00 
6.10  i 
6.50  I 
7.60  ' 
10.70  ' 
10.90  I 
10.60  , 
9.10  ; 
8.10  ! 
9.30  I 


10.10  I 
8.10 
7.60  I 
13.10 
16.60 
14.30  , 
12.80 
11.30  ' 
9.70  ' 
9.00  ) 
8.40 
8.80 
19.30 
16.20 
12.80  ' 
11.20  i 
9.20  I 
8.80  I 
8.30 
8.00 
7.80 
7.60 
7.40 
7.20 
7.10 
7.00 
6.90 
6.80 
6.80 
6.60 
».50 


6.50 
6.40 
9.90 
8.80 
7.30 
6.90 
6.50 
6.40 
6.30 
6.20 
6.20 
6.20 
6.10 
6.70 
7,60 
7.60 
7.00 
6.60 
6.50 
6.40 
6.40 
6.30 
6.20 
6.10 
6.10 
6.10 
6.20 
6.20 
6.10 
6.10 


i"..a» 

5.» 
6-* 
6.J> 
6.  It' 
COO 
5.W 

5.H' 

A  Til 
.\T0 
.\* 
5  ft 

:i.V' 

5.« 

.>.  MI 

7.* 
«^  CO 

7  Tw 
7.!<i 

7.  a' 

rtT.* 
a  7.  ri' 
aT.bC' 
»7.«J 

•i7.5t' 


"Frozen. 


NEWKU,.] 


KANSAS    RIVER    DRAINAGE    BASIN. 
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Rating  UibUfor  Blue  River  near  ManhaiUm^  Kaim.^for  190:2. 


6a«e 
height. 

Discharge. 
Sfcond-/e<i. 

Gage 
height. 

Discharge. 
Second-feet. 

Gage 
1    height. 

Dwchargt*.  , 
Second-feet. 

Gage 
height. 

Feet. 

1 
DlHC'harge. 

Second-feet. 

Feet. 

Feet. 

3.0 

140 

6.8 

2,006 

10.6 

1 

5,468 
5,684 

15.0 

11,760 

3.2 

1 

204 

.       7.0 

2,150 

10.8 

15.5 

12,710 

3.4 

268 

7.2 

2,306 

11.0 

5,900 

16.0 

13,670 

3.6 

1 

:336 

7.4 

2,462 

11.2 

6,124 

16.5 

14, 630 

3.8 

408     1 

'       7.6 

2,624 

11.4 

6,348 

17.0 

15,590 

4.0 

480     1 

7:8 

2,792 

!     11.6 

6, 576 

17.5 

16,550 

4.2 

560 

8.0 

2,960 

,     11.8 

6,808 

18.0 

17, 510 

4.4 

640 

8.2 

3,136 

12.0 

7,040 

18.5 

18,470 

4.6 

726 

1 

8.4 

3,312 

'     12.2 

7,280 

19.0 

19, 430 

4.8 

818 

8.6 

3,492 

1     12.4 

7,520 

19.5 

20,  390 

5.0 

910 

8.8 

3, 676 

!     12.6 

1 

7,764 

20.0 

21,350 

5.2 

1,014 

1       9.0 

3,860 

12.8 

8,012 

21.0 

23,  270 

5.4 

1,118 

9.2 

4,052 

13.0 

8,260     , 

22.0 

^    25,190 

5.6 

1,228 

9.4 

4,244 

1     13.2 

8, 5r>o 

23.0 

27, 110 

5.8 

1,344     ' 

9.6 

4,440 

13.  4 

8,860     ' 

24.0 

29, 030 

6.0 

1,460 

9.8 

'   4,640 

i     13. 6 

9,18<) 

25.0 

30,950 

6.2 

1,592 

10.0 

4,840 

13.8 

9, 538 

6.4 

1,724 

10.2 

5,048 

14.0 

9,890 

6.6 

1 

1,862 

10. 4 

5, 256 

14.5 

10,820 

EMimated  monthly  discfiarge  of  Blue  River  near  ManhaUan,  KujiJi. 

[Dniinnge  art-a,  9.490  wiuaru  miles.] 


Dischargt'  in  }<t'C()!id-ft;et. 


Month, 


1902. 
January 

February 

March 

April 

Mav  

June 

July  

August 

September... 

October 

November . . . 

December  ... 


Maximum. 


560 

910 

910 

560 

17,510 

17, 510 

43, 430 

27,686 

29,990 

20,006 

4,740 

3,136 


Mliiimuin. 


Riiiwjflf. 


Total  in  acre- , 

feet.         ,  Seeond-feet 
Mean,     i  I  per  sauare 

I        mile. 


Depth  in 
Inches. 


408 
408 
480 
408 
408 
910 
4,540 
1,790  ^ 
1,460  j 
1, 790  i 
1, 526 
1,066 


461 

619 

618 

483 

2,157 

6, 298 

16,866 

4,329 

5,011 

5,071 

1,945 

1,897 


28,  346 

34, 378 

37, 983 

28,  740 

132,629 

374, 757 

1,037,050 

266, 180 

298, 175 

311,804 

115,  735 

116,  642 


The  year i      43,430 


408  I     3,  813  I  2,  782, 419 


0.05 

0.06 

.07 

.07 

.07 

.08 

.05 

.06 

.23 

.27 

.66 

.74 

1.78 

2.05 

.46 

.53 

.53 

.59 

.53 

.61 

.20 

.22 

.20 

.23 

.40 


5.51 
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[NO.  M. 


REPUBLICAN   RIVER   AT  JUNCTION,    KAN8. 

The  gaging  station  at  this  point,  established  by  Arthur  P.  Davis, 
April  26,  181*5,  is  located  at  the  wagon  bridge  at  the  north  end  of 
Washington  street  just  above  the  mouth  of  the  river.  The  g^ag'e  con- 
sists of  two  oak  timbers  bolted  to  a  post  and  to  a  cottonwood  tree. 
One  !)ench  mark  consists  of  a  60-penny  spike  driven  into  the  base  of 
the  abutment  of  the  bridge  at  an  elevation  of  10.67  feet  on  the  rod; 
the  second  bench  mark  is  the  top  of  a  stone  in  the  base  of  the  bridge 
abutment  18  feet  south  of  the  gage  and  at  an  elevation  of  14-.  51  feet 
above  gage  datum.  The  right  bank  is  high,  but  the  left  is  low  and  may 
overflow  at  high  wat-er.  The  bed  of  the  stream  is  sandy  and  liable  to 
change. 

On  October  23,  IDOO,  a  new  bench  mark  was  established,  at  an  eleva- 
tion of  12.35  feet  above  the  zero  of  the  old  gage.  It  is  a  spike  driven 
in  the  west  side  of  a  cottonwood  tree  18  inches  in  diameter  and  10  feet 
west  of  the  bridge.  The  spike  is  about  2  feet  above  the  ground. 
The  observer  is  J.  II.  Rathert. 


J)i$charg€  rneiutureinerds  of  Jiepiiblicnfi  /?tirr  at  Junctiotiy  Kan*. 


Date, 


HydroKrapher. 


Ga^e 
heiRbt. 


1902.  ,  Feet. 

March  Vi..! ^  W.  U.  Ruseell 4.00 

April  29 do. 3.65 

Mav  19 do 5.10 

June  5 do ■ 4. 80 

June  16 do o.  10 

June  25 do 4.80 

Julv  7 ' do 7. 55 

Julv  8 do 10.25 

July  15 ' do '      6.66 

S<*pU*ml)er  27 | do '       8. 50 


Bischarjre. 
Stcond-fcrf. 

556 
2,047 
1, 777 
2,li4i 
1,740 
7,  713 

16,601 
5,30K 

10, 207 
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DaUy  gage  height,  in  feetj  of  Bepublican  River  at  Junction,  Kanji. 


Day. 


1902. 


2. 


6. 


9. 
10. 
11. 
12 
13. 
14. 
15. 
16. 
17. 
IH. 
19. 
20. 
21. 
22. 
Xi 
24. 
25. 
•ili. 
'27. 
2M. 
29. 
30. 
31. 


3.80 
3.80 
3.85 
3.85 
3.80 
3.80 
3.75 
3.75 
3.76 
3.80 
3.90 
3.90 
3.80 
3.80 
3.85 
3.90 
3.90 
3.90 
3.90 
3.90 
4.00 
4.00 
4.10 
4.00 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 


3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
4.00 
4.00 
4.10 
4.55 


4.60 
4.20 
4.20 
4.30 
4.40 
4.50 
4.60 
4.50 
4.80 
4.20 
4.00 
4.00 
4.00 
3.90 
3.90 
3.85 
3.85 
3.80 
3.80 
3.75 
8.70 
3.90 
3.90 
3.85 
8.80 
3.90 
3.90 
3.85 
3.86 
3.90 
4.10 


Apr.   May.  June.  July.    Aug. 


4.35 
4.30 
4.10 
4.00 
4.00 
3.90 
3.90 
3.80 
8.85 
3.80 
8.80 
3.85 
3.80 
3.75 
3.70 
3.72 
3.72 
3.70 
3.70 
3.60 
3.60 
3.70 
3.65 
3.60 
3.60 
3.66 
3.65 
3.65 
3.62 
3.65 


3.60 
3.55 
3.55 
4.63 
4.00 
3.80 
3.75 
3.70 
3.65 
3.65 
3.55 
3.56 
3.96 
4.95 
4.70 
4.00 
4.40 
4.20 
4.60 
5.40 
6.10 
6.40 
6.55 
6.60 
6.65 
7.60 
6.70 
5.60 
5.70 
5.60 
5.90 


6.§0 
5.30 
5.10 
6.10 
4.80 
5.30 
5.90 
7.50 
6.85 
6.40 
6.85 
5.10 
7.40 
5.45 
6.20 
6.20 
4.80 
.5.50 
5.40 
5.60 
6.20 
5.80 
5.00 
4.90 
4.80 
4.60 
4.40 
5.23 
7.60 
7.80 


9.67 
8.60 
8.20 
9.80 
7.80 
7.25 
7.10 
10.60 
10.40 
11.20 
12.80 
12.70 
10.10 
7.60 
6.60 
6.20 
5. 75 
5.40 
5.00 
4.80 
4.70 
5.80 
4.75 
4.40 
4.20 
4.20 
4.00 
4.20 
8.20 
8.40 
7.50 


5.75 
5.00 
5.35 
4.80 
4.56 
4.25 
4.20 
4.10 
3.85 
6.10 
3.80 
3.60 
3.50 
3.40 
4.60 
3.35 
3.25 
3.10 
3.50 
3.60 
7.60 
4.70 
3.90 
3.90 
3.80 
3.50 
5.85 
5.10 
6.65 
6.95 
8.90 


7.80 

5.60 

6.00 

4.20 

3.85 

3.45 

3.40 

3.30 

8.25 

3.20 

3.20 

3.10 

2.90 

2.90 

2.90 

2,85 

2.66 

2.80 

2.75 

2.75  , 

2.70  ' 

2.70 

3.35  I 

3.66  I 

5. 10  ' 

8.20  I 

8.50  ; 

5.90  I 

5.70 

5.50  ! 


Ot.  Nov.  Dec. 


5.00 
4.65 
4.60 
6.60 
5.35 
5.  SO 
5.15 
5.10 
4.60 
4.20 
4.00 
4.90 
4.90 
6.70 
4.90 
4.80 
4.40 
4.20 
4.00 
3.85 
3.90 
3.85 
3.  HO 
3.75 
3.&5 
8.60 
3.55 
8.  .55 
3.50 
3.50 
3.45 


3.50 
3.  ,50 
3.95 
3.95 
3.60 
3.50 
3.45 
3.40 
3.45 
3.46 
3.45 
3.45 
3.40 
3.50 
8.65 
3.70 
8.60 
3.60 
3.  .50 
3..50 
3.50 
3. 45 
3.40 
3.50 
3.50 
3.40 
3.40 
3.45 
8.45 
3.40 


3.46 
3.46 
3.40 
3.40 
3.35 
3.10 
3.10 
3.00 
8.00 
3.20 
3.20 
3.20 
3.20 
3.18 
3.08 
3.12 
3.26 
3.30 
3.30 
3.36 
3.66 
3.38 
3.35 
3.30 
3.28 
3.28 
3.30 
3.66 
3.42 
3.55 
3.48 


Rating  table  far  Republican  River  at  Junrtum,  Kant.,  for  190S. 


heifi^t. 

Discharge. 

Gage 
height. 

Discharge. 

1 

(iage 
height. 

1 

Feet. 

DiachaiKC. 
Second-feet. 

Gage 
height. 

DiiichHrge. 

Feet. 

Second-feeL 

Feet. 

Second'Jeei. 

Feti. 

Secondrfett. 

2.2 

20 

4.6 

1,480 

7.0 

6,000 

9.4 

13,200 

2.4 

30     , 

4.8 

1,720 

7.2 

6,600 

9.6 

13,800 

2.6 

70     * 

5.0 

1,960 

7.4 

7,200 

9.8 

14,400 

2.8 

140 

5.2 

2,210    ; 

1       7.6 

7,800 

10.0 

15,000 

3.0 

220 

5.4 

•   2,520 

7.8 

8,400 

10.2 

15,600 

3.2 

300 

5.6 

2,840 

8.0 

9,000     , 

10.4 

16, 200 

3.4 

400 

5.8 

3,200 

8.2 

9,600 

10.  6 

16,800 

3.6 

510    . 

6.0 

3,600 

8.4 

10,200 

10.8 

17,400 

3.8 

630 

6.2 

4,000 

8.6 

10,800     1 

11.0 

18,000 

4.0 

840 

6.4 

4,400 

8.8 

11,400       ; 

11.5 

19,500 

4.2 

l,a50 

6.6 

4,900 

9.0 

12,000 

12.0 

21,000 

1 

4.4 

1 

1,260 

6.8 

5,400 

9.2 

1 

12,600 

1 

13.0 

24,  000 
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* 
J'Jstimated  vumthly  discharge  of  Republican  River  at  Junction,  Kans. 

[Drainage  areti  2.1,887  fMiiiare  miles.] 


Month. 


Dificharge  In  second-feet. 


Maximum.     Minimum.  '    Mean. 


1902. 

January 

Febniarv . . . 

March 

April 

May 

June 

July 

AugllHt 

Septeml)er.. 

October 

Novenil)er . . 
De<;eral)er  .. 


The  year 


945 
1,425 
1,480 
1,207  I 
7,800  I 
8,400 
23,100 
11,700  ' 
10,500  1 
5, 150  I 
787  ' 
2,  448  I 

23, 100 


600 
735 
570 
510 
482 
1,260 
840 
260 
88 
427 
400 
220 

88 


710 

775 

887 

654 

2,128 

3, 338 

7,887 

2,046 

1,646 

1,436 

471 

422 


Run -off. 


Total  in  acre- 
feet.         ,  Seoond-f€»et 


'^-i    ' 


-L-sr- . «- 


43,656 
43,041 
54,539  I 
38,916  ' 
i:W,846  ! 
198,625 
484, 953 
125,804 
97,944 
88,296 
28, 026 
25, 944 


0.03 
,QS 
.03 
.0:5 
.08 
.13 
.30 
.08 

.m  i 

.06  ' 

.02 

.02 


1,867     1,300,590 


.0: 


0.  (li 
.0?. 

.m 

.03 
.09 
.15 
.35 
.09 
.07 
.0: 
.(r> 

.02 

.98 


REPUBLICAN   RIVER  ANT>   THE   MILL   RACE   NEAR   SUPERIOR,   NEBR. 

This  station  was  established  June  20,  1890,  about  one  mile  west  of 
Superior,  Nebr.  The  old  gage  rod  was  first  placed  just  alK>ve  the 
highway  bridge,  which  is  itself  75  yards  above  the  dam  which  diverts 
water  into  the  mill  race. 

This  gage  consists  of  an  oak  piece  2  by  4  inches,  10  feet  long.  The 
face  is  inclined  30  degrees  to  the  horizontal,  and  the  footmarks  are  placed 
2  feet  apart  to  correspond  to  this  inclination.  The  rod  is  fastened  to 
cross-ties  which  are  bedded  in  the  bank  of  the  river.  The  location  is 
on  the  outside  of  an  easv  bend  in  the  river.  The  bed  of  the  river  is 
of  mud  and  sand.  The  top  of  the  rim  of  the  upstream  cylinder  of  the 
north  pier  is  15.42  feet  above  the  zero  of  the  gJige.  Bench  mark  2  is 
the  standard  4-foot  iron  pipe  of  the  United  States  Geological  Survey. 
It  is  83  feet  north  of  the  upstream  cylinder  of  the  north  pier  of  the 
bridge  and  is  10  feet  west  of  the  line  of  the  upstream  truss  of  the  bridge. 
It  is  1  foot  inside  a  wire  fence.  The  top  of  the  pipe  is  4  inches  above 
the  ground  and  the  elevation  is  4.88  feet  above  gage  datum. 

In  the  spring  of  1898  two  other  gages  were  established.  The  first 
gage  was  placed  in  the  river  a  few  feet  upstream  from  the  crest  of  the 
dam,  the  zero  being  at  the  same  elevation  as  the  crest     The  second  is* 
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in  the  mill  race,  which  is  crossed  by  a  wagon  bridge  about  60  yards 
below  its  head.  Discharge  measurements  of  the  river  are  made  from 
the  highway  bridge,  thus  determining  at  once  the  discharge  through 
the  mill  race  and  from  the  dam.  The  discharge  from  the  mill  race  is 
measured  and  is  deducted  from  the  total  discharge  of  the  river  to  give 
the  amount  passing  over  the  dam.  The  bench  mark  for  this  river  gage 
is  l>ench  mark  No.  2  of  the  old  gJige  described  above.  Its  elevation  is 
4.92  feet  above  the  datum  of  the  gage  at  the  dam.  The  gage  of  the 
mill  i-ace  reads  2  feet  higher  than  that  of  the  river  gage,  so  that  its 
zero  is  6.92  feet  below  the  same  Iwnch  mark. 

It  was  found,  however,  that  the  discharge  of  the  mill  race  was  reg- 
ulated more  or  less  by  the  mill  Inflow,  so  that  there  was  no  relation 
whatever  between  the  gage  height  and  the  discharge.  To  remedy 
this  difficulty  the  observer  records  the  depth  of  water  in  midstream 
at  the  wagon  ])ridge  and  immediately  thereafter  notes  number  of  sec- 
onds requii-ed  for  a  float  to  pass  over  a  50-foot  range  in  midstream. 
The  i*atios  of  the  time  to  the  depth  was  found  to  })ear  a  constant  rela 
tion  to  the  discharge. 

During  18J)9  (jlenn  E.  Smith  made  an  examination  of  a  portion  of 
the  upper  Republican  River.  On  September  6,  1899,  at  Oxford, 
Nebr. ,  the  river  channel  was  dry  and  was  reported  to  have  been  in 
this  condition  for  ten  days.  At  Orleans,  about  12  miles  below,  there 
was  an  estimated  discharge  of  0.3  second-foot — this  small  amount  com- 
ing from  Sappa  River,  which  entei-s  at  this  point. 


Discharge  menmtremeniH  itf  Republican  River  near  Super ior,  Xehr,^* 


Date. 


Hytlrographer. 


1902. 

March  16 '  FrankDobeon. 

April  5 J.  C.  Steveiw- . 

May  24 Frank  Dolxjon . 

July  8 J-  C  Stevens. . 

July  30 do 

August  12 to 

September  19 ! <lo 


aThene  dischHrges  inoludo  that  flowing  in  the  mill  race. 
If  Water  out  of  baiilu  on  lx)th  Hides  and  over  top  of  gage  rod. 


Gage 
height. 

DiHcharge. 

Fret, 

Second-feet. 

0.75 

625 

.70 

638 

1.30 

1,499 

m 

12,494 

1.25 

1,562 

.73 

553 

.39 

154 
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Di^charge  inea^iremenijt  of  mill  race  near  Super  lor  ^  Nehr.f^ 


Date, 


HydroKrapher        '  ^^^^^^ 


1902.  I  I  Sec.-Seet. 

March  16 i  Frank  Dobson . . .  |        22 

April  5 ]  J.  C.  Stevens 54 

May  24 :  Frank  Dobson ...         35 


Datt' 


Hydrojrrapher. 


Dis- 
chai]^. 


1902. 

July  30 

August  12 

September  19. 


J.  0.  Stevens. 

do 

do 


119 
3 


n(4a«o  heights  are  not  obsen-ed,  but  depth  of  water  in  midstream  and  the  time  requinxl  for  a  firmx 
U>  pasR  over  a  .'SO-fcM)t  range  in  midstream,  the  ratioe  of  which  are  used  instead  of  gage  heis:hii&. 

IMUy  gage  heighty  injWt,  of  Republican  Rh^er  near  SuperitjTy  Nefir. 


1. 

2. 

S. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
2(J. 
27. 
28. 
29. 
30. 
31. 


Day 


1902. 


Mar. 


(") 

0.90 
.85 
.80 
.SO 
.80 
.8:3 
.75 
.75 
.70 
.85 
.80 
.(U 
.fiO 
.75 
.78 
.75 
.(JS 
.80 
.HI 
.1)7 
.52 
.83 
.81 


I 


Apr.    '   May. 


-i\  > 


0.80 
.80 
.71 
.73 
.70 

.;o 

.fi2 
.5(5 
.55 
.58 
.68 
.78 
.OS 
.GO 
.60 
.fi2 
.IW 
.65 
.  (".2 
.70 
.65 
A>A 
.07 
.(>5 
.62 
.58 
.(k) 
.M> 
.56 
.  52 


I 


0.5(» 

.50 

.70 

.46 

.49 

.53 

.90 

1.02 

1.15 

.85 

.75 

.69 

.H6 

.80 

.78 

.70 

.70 

.75 

1.85 

1.69 

1.53 

1.42 

1.20 

1.30 

1.5<) 

1.95 

1.95 

1.65 

1.75 

1.25 

1.20 


June.      July.      Aug, 


1.10 
1.00  ' 
1.05 
1.32 

.95 
1.95  I 
1.90 
1.92 
1.48 
1.30 
1.42  1 
1.00  I 

.95  I 

.88  I 
1.05 

.82 

.70 


I.:i8  : 
1.20  I 
1.20  I 
1.08 

.95 

.90 

.8J 

.76 

.r»8 

.  IV) 

.78 
1.10 


1.98 
2.32 
2.05 
1.30 
2.40 

('') 

(«») 
3.50 
2.55 
1.88 
1.92 
1.72 
1.42 
1.30 
1.15 
1.68 
1.80 
1.10 
1.05 
1.00 
.92 
1.02 

i.as 

3.25 
3.00 
1.00 
1.20 
1.70 


1.42 
1.20 
1.05 
1.18 
.95 
.92 
.90 
.82 
.^X) 
.70 
.81 
.70 
.62 
.80 
.78 
.15 
.60 

■  t'O 

.52 
.51 
.50 
.52 
.08 
.50 
.50 
.50 
.60 
.  oft 
.69 
.67 
.62 


Sept        C>ct. 


0.70 

.68 

.65 

.61 

.60 

.58 

.52 

.53 

.45 

.42 

.48 

.40 

.32 

.31 

.40 

.41 

.32 

.48 

.34 

.35 

.40 

1.85 

3.  GO 

2.32 

1.86 

1.78 

1.35 

1.10 

i.a5 

1.02 


1.00 


1.05 
1.19 
1.S5 
1.00 

.98 

.90 

.89 

.«»  f 
1.05  ' 
1.45  ' 
1.00 

.85 

.99 

.90 

.91 

.83 

.78  I 

.71. 

.71 

.72  ' 

.70 

.73 

.75 

.75 

.72 

.71 


7*> 


Nov. 


0.00 
fO 
.59 
.55 
.56 
.CS 
.60 
.61 
.fi2 
.70 

.n 

.73 
.74 

.7S 
.71 
.78 
.74 
.79 
.75 
.74 
.71 
,71 
.G7 
.M) 
.80 
.70 
.90 
.70 
.» 


(«> 


«i()l)}H'rvatiou.M  diM-ontinutMl  fnnn  Jan.  1  U)  Mar.  9  and  during  December  on  account  of  ice. 
f'  FUmhI;  water  over  top  of  gage. 
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Rating  taNefor  Repulilican  River  near  ^iperior^  Xefir.^  for  1902. <i 


Oafe 
heiilit. 

Dificharge. 

1 

.  S^eond-fed. 

Gage 
height. 

Feet. 

DiflchKrge.  ' 
Srcintd-ft'ti. 

Gage 
heigiit. 

DiNoharge. 
1  Secfrtui-Ject . 

Gage 
height. 

1 
Difiohaige. 

Fret. 

,  Second/rti. 

0.1 

45 

■ 

.        1.0 

850 

1.9 

'       2,780     1 

2.8 

6, 155 

.2 

95 

1.1 

1.010 

2.0 

3, 075 

2.9 

6,  630 

.3 

150 

1.2 

1,190 

2.1 

3,390     \ 

3.0 

7,125 

.4 

215 

1.3 

1,390     ; 

2.2 

3,  725 

3.1 

7, 650 

.5 

285 

1.4 

1,610 

2.3 

4,080 

3.2 

8, 195 

.6 

360 

1.5 

1,840 

2.4 

4,455 

3.3 

8,760 

1           ^ 
.  7 

460 

1.6 

2,085 

2.5 

4,850 

3.4 

9,  345 

.8 

,           570 

1.7 

2,340 

2.6 

5,265     , 

3.5 

9,a50 

.» 

690 

1.8 

2,505 

2.7 

5,700     ! 

3.6 

10,575 

! 

nThifl  table  was  applied  indirectly  according 
Annual   Roj)ort  I'nited  States  GeoU)gical  Survey 
exclusive  (if  that  flowing  in  the  mill  race. 


to  the  method  outline<i  on  page  3'J3,  Nineteenth 
.  Part  IV,  and  gives  the  diwharge  over  the  dam, 


KsAimatrd  monthly  (Uncharge  of  Repuhlicnn  Rirer  tiear  Snjurior^  Xeltr. 

[Drainage  area.  '22,347  oquan^  miles.] 


Month. 


I){scharg«*  in  second-feet. 


Kun-ofT. 


Maximum.     Minimum. 


1902. 
Marth  9  to  31 

April 

Mav 

w 

June 

Julv 

August 

September. . . 

i^cU  Ayer 

NovenilH»r 


740 
2,810 
3,2:^5  ' 
12,490  I 
1,920 
10,  875  i 
1,995 
970  , 


,'190 
3:i5 
320 


Total  in 
acre-feet. 


Mean. 


Second - 

feet  per 

square 

mile. 


Depth  in 
inches. 


675 
5.^5 
1,269 
1,372 
970  «  3,  080 
330  674 

1,175 
937 
622 


155 
520 


4<i0 


%),  453 
33, 020 
7S, 020 
SI,  (HO 
'MS9,3(M) 
41,440 
69,910 
57,  610 
37,010 


o.o;^ 

.02 
.06 
.0() 
".14 
.03 
.05 
.04 
.03 


0.02 
.02 
.07 
.07 

«.16 
.03 
.06 
.05 
.03 


"  Kxclusive  of  four  days'  AckkI  di.><chHrgc. 


80I>()M()N    RIVKR   AT    NII.KS,    KANS. 


The  station  at  Niles  was  established  May  5,  1S1)7,  and  is  located  at 
a  Ijridge  one-half  mile  west  of  the  town  and  7  miles  al)()ve  the  mouth 
of  the  river.  The  rod  of  the  wire  gage  is  spiked  to  the  floor  of  the 
bridge.  The  l^ench  mark  is  the  uppermost  of  three  nails  driven  into 
aeottx>nwood  tree  18  inches  in  diameter,  on  the  north  side  of  the  river 
and  25  feet  east  of  the  bridge,  at  an  elevation  of  24.tM)  f(»et  above  gage 
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[NaSi 


datum.     The  channel  Is  straight  for  about  100  feet  above  and  below 
the  section.     The  current  is  sluggish;  the  right  bank  is  high,  and  the 
left  bank  overflows  only  at  very  high  stages.     The  bed  of  the  stream 
is  muddy. 
The  observer  is  J.  J.  Little. 

IHseharge  meajnirfmenis  of  Solonwti  River  at  NUes^  Kanit. 


Date. 


1902. 


April  30 . 
June  5  . . 
June  26  . 
Julys... 
Octol)er  1 


Hydroffraphor. 


Gage 
height. 


W.G.  Russell 4.50 

do ,       7.20 

do I       7.80 

do j  27.:}0  ' 


do 29.10 


Disoharpe. 


Srrtm*I-/f^. 


7*2 


409 
55.5 

8,  «23 


Dniiy  <jnge  height^  in  feet^  of  Solomon  Rirrr  nt  Xih^a,  KaiM. 


Day. 


Jan.   Feb.  >  Mar.  Apr.  |  May. 


I 


1902, 


8 

4 «4.90 

5 (") 

6 "5.00 

7 (") 

8 (a) 

9 («) 

10 "5.00 

11 («) 

12 (") 

13.... "4,90 

14 (a) 

15 "5.00 

16 («) 

17 ,   "4.90 

18 (") 

19 "5.20 

20 (") 

21 (") 

22 "o.riO 

'23 (T) 

24 "5.00 

25 \     (a) 

26 |"5.20 

27 '  (a) 

28 "5.00 

29 '  (a) 

30 1  (n) 

31 ,"5.00 


(«) 

(«) 

a  5. 00 

(«) 
"  5. 30 

(«) 

(") 
a  5. 10 

(") 
"5.00 

(") 
"5.10 

(«) 

(«) 
"  6. 20 

(") 

(°) 
"  5. 40 

(a) 
"5.00 

(") 
"5.10 

(«i 
"  5.  :u) 

(") 

"  5. 40 

(") 
<«  5. 20 


(«) 
5.10 
5.00 
4.20 
4.30 
4.20 
5.70 
5.90 
5.70 
5.30 
5.30 
5.20 
5.20 
5.00 
4.90 
4.80 
4.80 
o.OO 
4.70 
4.70 
4.70 
4.80 
5.00 
4.90 
4. 90 
5.00 
4.90 
4.80 
5.00 
4.70 
4.80 


4.60 

5.50 

5.30 

5.20 

5.10 

4.90 

4.80 

4.70 

4.60 

4.70 

4.90  I 

4.90  I 

4.80  I 

4.70 

4.90 

4.90 

4.70 

4.80 

4.90 

4.90  ; 

4.60 

4.70 

4.80  I 

4.70  ' 

4.80  I 

4.80  I 

4.80 

4.80  I 

4.40 

4.60  < 


4.60 
4.80 
4.70 
4.70 
4.60 
4.50 
4.60 
4.50 
4.50 
4.50 
4.60 
4.70 
4.80 
4.60 
4.60 
4.70 
4.60 
4.60 
4.-20 
4.70 
4.60 
5.60 
5.80 
7.80 
7.60 
7.10 
11.30 
11.00 
9.10 
10.60 
8.40 


June. 


9.10 

7.70 

6.60 

10.70 

7.60 

7.10 

9.80 

16.00 

14.50 

11.00 

10.40 

9.40 

8.20 

12.40 

7.80 

7.40 

8.80 

11.00 

12.40 

8.70 

12.50 

14.60 

12. 10 

11.30 

9.50 

8.40 

7.10 

7.00 

20.00 

25.30 


July.     Aug.  I  Sept.  ,   Oct,      Nov.    Itec 


26.10 

27.60 

27.30 

25.80 

21.70 

17.60 

13.40 

14.30 

17.10 

21.30 

22.10 

21.40 

20.30 

10.80 

9.20 

8.80  I 

8.00  I 

7.50  i 


7.30 
7.00 
6.80 
6.90 
6.70 
6.30 
6.60 
6.50 
6.30 
6.20 
6.60 
17.90 
20.20 


14.50 

10.00 

10.00 

7.90 

7.70 

7.30 

7.00 

6.70 

6.70 

14.50 

14.00 

11.70 

9.50 

10.30 

10.70 

8.70 

7.70 

7.30 

7.00 

6.50 

7.70 

8.60 

8.00 

7.70 

8.60 

7.90 

8.10 

10.10 

8.40 

7.20 

8.20 


I      -7 


8.40 

9.00 

9.70 

9.10 

7..'iO 

6.80  I 

6.40  I 

0.80  j 

6.80  , 

6.20  ' 

5.80 

5..W 

5.50 

5.60 

5.60 

5.50 

5.60 

5.60 

5.40 

5.30 

5.30 

5.40 

5.30 

11.30 

18.20 

22.00 

22.70 

24.p0 

25.60 

27.60 


29.10 

28.50 

14.70  I 

13.50 

13.90 

16.90  ' 

17.30  ' 

18.10 

16.00  ' 

14.20 

12.30  • 

11.30  j 

14.30 

17.30 

16.80 

16.40 

14.40 

12.20 

14.40 

10.  .50 

10.30 

10.  OO 

9.80 

9.60 

9.  GO 

9.30 

9.30 

9.30 

9.10 

8.80 

8.70 


8,70 
M.60 
8.80 
9.10 
H.60 
H.40 
8.30 
8.20 
H.20 
8.10 
H.  10 
8.10 
8.10 
8.10 
8.10 
8.10 
7.80 
7.80 
7.80 
7.80 
7.70 
7.70 
7.60 
7..'i0 
7.50 
7.50 
7.40 
7.40 
7.40 
7.40 


I  r. 


7.40 
7.40 
7.  JO 
7.W 
7.20 
7.» 
7.2U 
7.20 
6.« 

6.60 
7.30 
7.00 
7.00 
6.70 
6.90 
7.50 
6.70 
7.10 
7.40 
7.10 
6.5*' 
6.9U 
6.90 
6.  till 
<.10 
7.10 
7.10 
6.91) 
6.90 
7.10 


a  Frozen. 
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Jiathig  UMefor  Solomon  River  al  NileSy  Kans.f  for  190:8. 


heifi:ht. 

1 

1 
DiHchargo. 

1 

Guge 
height. 

Discharge. 
Serond-fert. 

Gage 
height. 

Feet. 

1 

Discharge.  ' 

1 

Gage 
height. 

1 
DifMibaixe. 

Se^^rmd-feet. 

J^rL 

Secfmd-feet. 

Feet. 

Seeond-/ee(.  ^ 

Feel. 

i       4.0 

22 

7.4 

470 

10.8 

1,285 

14.5 

2,  375 

1 

38 

7.6 

512 

11.0 

1,337  ; 

15.0 

!       2, 550 

1 

4.4 

54     1 

7.8 

556 

11.2 

1,389     ; 

16.0 

2,900 

4.6 

70 

8.0 

r)00 

11.4 

1,441 

17.0 

3,  250 

4.8 

86 

8.2 

6J6 

11.6 

1 ,  49.J 

18.0 

3,600 

5.0 

102 

8.4 

692 

11.8 

1,547     1 

19.0 

3, 950 

5.2 

122 

8.6 

738 

12.0 

1,604 

20.0 

4,300 

5.4 

142 

1 

8.8 

784 

12:2 

l,66;i 

21.0 

4,650 

5.6 

162 

9.0 

830 

12.4 

1,722 

22.0 

5,000 

5.8 

192 

9.2 

880 

12.6 

1,782 

23.0 

5, 350 

6.0 

222 

9.4 

930 

12.8 

1,841 

24.0 

5,700 

6.2 

252 

9.6 

980 

'     13.0 

1,900 

25.0 

6,050 

6.4 

282 

9.8 

1,030 

,     13. 2 

1,960 

26.0 

6,400 

6.6 

316 

,10.0 

1,080 

'     13. 4 

2, 020 

27.0 

6,800 

6.8 

352 

10.2 

1,130 

13.6 

2,080 

28.0 

7,220 

7.0 

390 

10.4 

1,181 

13.8 

2,140 

29.0 

7,  730 

7.2 

430 

10.6 

1,233 

14.0 

1 

2,200     1 

30.0 

8, 300 

EMirmUed  montlUy  dittcluirge  of  Solomon  River  at  Nile^j  Kaiis. 

[Drainage  area,  6,815  Miuare  mile8.] 


Difwharge  in  8eoond-feet. 


Run-off. 


Month. 


Maximum,  i  Minimum. 

I 


Mean. 


Total  in 
ucre-feet. 


Second-feet 

jHjr  square 

mile. 


1902. 

January 

February  

March 

April 

May 

June 

JiUv 

August 

September 

(>ctol3er 

November 

December 

The  year 


152 

142 

207 

152 

1,415 

6, 155 

7,040 

2,  375 

7,040 

7,780 

855 

Am 

7,780 


Depth  in 
inches. 


94 
102  ! 

38  ! 

54  ' 

38  , 
316 
252  ' 

299  , 

I 

132  , 
761   ' 
470 
316 


106 
119 
101 
89 
2a5 

1 ,  392 

2,  492 
847 

1 ,  392 

2,  263 
601 
402 


38 


841 


6, 517 

6,608 

6,210 

5,296 

17,524 

82,830 

153,227 

52, 080 

82, 830 

139, 145 

35,  764 

24,718 

612,749 


0.02 
.02 
.02 
.01 
.04 
.20 
.37 
.12 
.20 
.33 
.09 
.06 


0.02 
.02 
.02 
.01 
.05 
.22 
.43 
.14 
22 
38 
.10 
.07 


1.68 


108 


STREAM   MEASUREMENTS   IN   1902,  PART   III. 


(xo.  fli 


SALINE    KIYEB  NEAR  BALINA,  KANS. 

The  station,  established  May  4,  1897,  is  located  at  a  bridge  4.5  miles 
northeast  of  Salina,  near  the  mouth  of  the  river.  The  rod  of  the  wire 
gage  is  spiked  to  the  floor  of  the  bridge.  Bench  mark  No.  1  is  a  nail 
in  an  elm  tree  2  feet  in  diameter  on  the  north  side  of  the  river  and  f» 
feet  west  of  the  bridge.  Its  elevation  is  22.90  feet  above  gag-e  datum. 
Bench  mark  No.  2  is  six  nails  driven  into  a  16-inch  box-elder  tree  on 
the  north  side  of  the  river  and  35  east  of  the  bridge.  Its  elevation  is 
22.90  feet  above  gage  datum.  The  channel  is  straight  for  a  short 
distance  above  and  below  the  station.  Both  banks  are  high  and  not 
liable  to  overflow.  The  bed  of  the  stream  is  sand  and  mud.  The 
observer  is  Charley  Tressin. 

Discharge  measureineriis  of  Saline  Rhvrr  jwar  Salina,  Karu. 


Date. 


1902. 

January  6 

April  30 

May  11 

June  2 

June  11 

July2 

July  23 

September  30 

October  2 


Hydrographer. 


W.  Cr.  Russell, 
do 


.do 
.do 
do 
.do 
.do 
.do 
.do 


November  29 ..i do 


heiffht. 


IMschtti]^. 


fy-ft. 

'  Stvtmd^rrl. 

4.00 

1 

3.30 

2:5 

3.20 

24 

4.70 

116 

6.  SO 

326 

17.40 

2,017 

4.80 

131 

24.50 

3,822 

21.10 

2,664 

6.10 

231 

1 

Daily  gage  heighlf  in  feel,  of  Saline  Rtver  near  Salina,  Kani(. 


Day. 


1902 

1 

2 

3 

4 

5 

G 

i 

8 

9 

10 

11 

12 

13 

U 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

1 

Aug. 

3.70 

(«) 

4.10 

3.60 

3.40 

5.70 

15.80 

6.10 

3.70 

"4.10 

4.30 

a.no 

3.40 

4.60 

18,20 

5.60 

3.80 

(«) 

4.30 

3.60 

3.30 

4.20 

'20.20 

5.20 

3.90 

n4.00 

3.80 

3.50 

3.20 

4.30 

20.30 

5.00 

4.20 

(«) 

3.80 

3.50 

3.40 

9.10 

10.50 

5.00 

4.00 

«4.00 

3.60 

3.40 

3.40 

12.00 

8.90 

4.80 

4.00 

(«) 

3.70 

3.  CO 

:'..30 

15.80 

7.  CO 

4.70 

4.10 

"4.10 

3.90 

3.40 

3.30 

16.90 

14.50 

4.60 

4.10 

a  4. 10 

3.90 

3.40 

3.40 

13.90 

9.50 

6.70 

4.20 

(«) 

3.70 

3.50 

3.30 

8.40 

16.10 

5.20 

4.00 

«4.20 

3.60 

3.40 

3.110 

6.80 

10.80 

7.20 

4.00 

(«) 

3.90 

3.40 

3.10 

8.20 

7.40 

9.50 

4.10 

«4.10 

3.60 

3.50 

3.30 

7  80 

6.  CO 

r2.00 

4.20 

(") 

3.60 

3.50 

3.10 

7.20 

6.  CO 

7.40 

Sept 

Oct. 

Nov. 

9.00 

'24.50 

7.20 

13.50 

20.90 

7.20 

12.00 

10.80 

7.70 

8.60 

15.30 

7.eo 

7.50 

15.70 

7.20 

6.60 

15.00 

7.00 

6.20 

16.10 

G.90 

5.90 

16.90 

G.70 

5.70 

15.00 

6.80 

5.60 

11.60 

6,70 

5.30 

10.70 

6.70 

5.20 

10.00 

6.60 

5.00 

9.60 

6.70 

5.00 

10.70 

6.70 

6.10 
0.10 
6.10 
6.0) 
6.10 
G.00 
5,70 
5.50 
.5.«0 
5.70 
5uS0 

5.95 
6w35 


a  Frozen. 
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DaUy  gage  height,  in  feel,  of  Saline  River  near  Salina,  Kans, — Continued. 


Day. 

Jan. 

15... 

1902. 

4.00 

16 

•-1.20 

17 

4.20 

lo -- 

4.20 

19- 
20. 
21. 
22, 
23. 
24. 
25. 


4.90 
4.50 
4.00 
4.00 
4.00 
4.00 
4.10 

26 'a4.20 

27 ,     (o) 

28 a4.30 

•^ !  («) 

30 a4.00 

31 !a4.10 


Feb. 


04.10 
a  4. 20 

(«) 
04.20 

(«) 

(«) 
a3.90 
a3.60 

3.80 

3.eo 

3.60 
3.80 
3.90 
3.80 


Mar.    Apr.    May. 


8.60 
3.60 
3.70 
3.60 
3.40 
3.60 
3.50 
3.40 
3.50 
3.50 
3.60 
8.60 
3.60 
3.60 
3.60 
3.60 
3.60 


3.40 
3.40 
3.50 
3.40 
3.40 
3.30 
3.40 
3.50 
3.40 
3.80 
8.30 
3.50 
3.40 
3.20 
8.30 
3.10 


3.10 
3.20 
3.20 
3.10 
3.10 
3.20 
3.50 
4.00 
4.00 
3.50 
7.20 
7.50 
6.70 
7.00 
9.70 
7.20 
5.80 


June. 


12. 10 

12.50 

13.50 

14.40 

11.00 

8.40 

14.90 

14.50 

12.70 

7.90 

7.50 

6.80 

6.30 

6.30 

13.10 

13.70 


July. 

Aug. 

6.00 

6.20 

5.70 

5.50 

5.40 

5.00 

5.30 

4.70 

5.10 

5.20 

5.10 

5.10 

4.80 
4.90 
4.80 
4.80 
4.70 
4.90 
4.80 
4.90 
4.70 
7.50 
6.40 


5.80 

6.20 

10,00 

14.40 

14.00 

15.40 

16.70 

17.00 

10.00 

7.50 

6.90 


Sept. 


4.90 

4.90 

4.90 

4.80 

4.80 

4.80 

4.70 

5.00 

12.00 

17.80 

17.50 

18.00 

19.60 

21.40 

23.40 

2-1.50 


15.20 
17.10 
16.00 
10.80 
9.60 
9.10 
8.70 
8.40 
8.20 
8.10 
7.90 
7.80 
7.70 
7.50 
7.40 
7.80 
7.20 


Oct.     Nov.    Doc. 


6.00 
6.60 
6.60 
6.40 
6.40 
6.40 
6.30 
6.30 
6.30 
6.30 
6.20 
6.30 
6.20 
6.20 
6.10 
6.10 


&25 
6.20 
6.30 
6.20 
5.90 
5.60 
5.80 
5.90 
6.05 
5.95 
5.90 
6.10 
6.35 
5.85 
5.70 
5.60 
5.65 


«  Frozen. 


Rating  table  fftr  Saline  River  near  Salijui,  A'arw.,  for  190^. 


Gage 
Iieight. 

Disichaige.  , 

Gage 
height. 

Feet. 

Discharge. 

Gage 
height. 

Feet. 

1 
Diwharge. 

Gage 
height. 

DiBchargt''- 

Ftei. 

Seamd-feet. 

Second-feet. 

Second-feet. 

Feet. 

Second-feet. 

3.2 

28 

6.8 

320 

10.4 

796 

14.0 

1,370 

3.4 

34 

7.0 

340 

10.6 

824 

14.5 

1,460 

3.6 

41 

7.2 

364 

10.8 

852 

15.0 

.1,550 

3.8 

50 

7.4 

388 

11.0 

880 

15.5 

1,640 

4.0 

60 

7.6 

412     , 

11.2 

910 

16.0 

1,730 

4.2 

70 

7.  8 

436 

11.4 

940 

16.5 

1,820 

4.4 

80 

8.0 

460 

11.6 

970 

17.0 

1,910 

4.6 

100 

8.2 

488 

11.8 

1,000 

H     17.5 
18.0 

2,000 

4.8 

120 

8.4 

516 

12.0 

1,030 

2,090 

5.0 

140 

8.6 

544 

12.2 

1,064 

18.5 

2,180 

5.2 

160 

8.8 

572 

12.4 

1,098 

19.0 

2, 270 

5.4 

180 

9.0 

600 

12.6 

1,132 

19.5 

2,360 

5.6 

200 

9.2 

628 

12.8 

1,166 

20.0 

2,450 

5.8 

220 

9.4 

656 

1     13.0 

1,200 

20.5 

2,545 

6.0 

240 

9.6 

684 

13.2 

1,234 

21.0 

2,640 

6.2 

260 

9.8 

712 

13.4 

1,268 

22.0 

2,860 

6.4 

280 

10.0 

740 

13.6 

1,302 

23.0 

3,170    1 

6.6 

1 
1 

300 

10.2 

768 

1 

13.8 

1 

1,336 

24.0 

3,620 
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Eiftimaied  monthly  discharge  of  Saline  River  near  Salintif  Kans. 

(Drainage  area,  3,311  Hqiiarc  miles.) 

Discharge  in  second-feet.  {  '  I  Run-off. 


Month. 


1902. 
January  

Februan' 

March 

April 

May 

June 

July 

August 

September... 

October 

November . . . 

Deceml)er  . . . 


Maximum. 


Minimum.  ,     Mean. 


Total  in 
acre-feet. 


Second-feet 
per  fHiuarc 


fHiua 
lile. 


mi 


The  year 


-    90 

70 

75 

41 

698 

1, 892 

2,507 

1,910 

3,920 

3,920 

424 

275 

3,920 


Depth  in 
inch«». 


45  I 
41' 
.341 
25  I 
25  I 

70 ; 

no  j 

100  I 

no  ' 

3W 
250 
190 


64 

3,935 

60 

3,332 

45 

'    2, 767 

35 

2,083 

112 

6,886 

792 

47,127 

621 

1   38,184 

512 

31,482 

874 

52, 007 

1,089 

1   66,960 

305 

18, 159 

234 

1   14,388 

25 


395 


287, 310 


0.019 
.018 
.014 
.011 
.034 
,239 
.188 
.155 
.264 
.329 
.092 
.071 

.120 


0. 0-21' 
.01«J 
.OIH 
.012 

.  -Jii: 

.217 
A79- 

.295 

.im 

.082 
1.630 


SMOKY   HIIX   RIVER  AT   ELLSWORTH,  KANS. 

The  gaging  station,  established  April  17,  1895,  is  located  at  the 
highway  bridge  on  Douglass  avenue,  Ellsworth,  Kans.  The  gage  is 
an  inclined  ash  timber  spiked  to  a  post  driven  in  the  bed  of  the  river 
and  bolted  to  an  iron  post  on  the  bridge  pier.  The  bench  mark  is  a 
nail  driven  into  the  base  of  a  large  box-elder  tree  near  the  southeast 
comer  of  the  bridge,  90  feet  from  the  gage,  and  its  elevation  is  13.07 
feet  above  the  zero  of  the  gage.  A  slope  gage  is  spiked  to  the  St. 
Louis  and  San  Francisco  Railroad  bridge  2,536  feet  upstream,  and  is 
referred  to  the  same  datum.  The  channel  is  nearly  stmight  above  and 
below  the  gage,  and  the  bed  is  sandy  and  shifting.  The  observer  is 
Thomas  Coyne. 

Di-Kchartje  inetwirements  of  Smoky  Hill  liiver  at  EUnworlh^  Kans. 


Date. 


Hydn)KrH]>her. 


Gage 
height. 


1902. 

March  27 W.  G.  RuHsell 

June  23 do 

June  24 ' ....  -do 

August  18 do 

August  28 do 


Feet, 
1.00 
6.20 
4.50 
L40 
3.50 


l>i*icharg*', 

JSccoHti-ftii. 

2t.i 
2.S30 
1,5:» 

ti31 
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Daily  gage  height,  in  feet,  of  Smoky  Hill  River  at  EllmDoHh,  Kantt. 


Day. 


8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


1902. 


Feb. 


1.20 
1.20 
1.20 
1.20 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.85 
.86 
.85 
.85 
.85 
.85 
.85 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
,80 
.80 


aO. 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

al 

al 

«1 

al 

«1 

1 
1 
1 
1 
1 
1 


80 
80 
80 
80 
80 
80 
80 
80 
85 
85 
85 
90 
90 
90 
90 
95 
95 
10 
20 
20 
80 
50 
M) 
20 
20 
30 
50 
50 


Mar. 


l.iiO 

1.40 

1.30 

1.20 

1.10 

1.10 

1.00 

1.00 

1.00 

.95 

.95 

.95 

.90 

.90 

.90 

.90 

.85 

.85 

.85 

.85 

.90 

.90 

.90 

.95 

.95 

2. 15 

1.00 

1.00 

.96 

.95 

.95 


0.95 
.95 
.90 
.90 
.90 
.90 
.90 
.85 
.85 
.85 
.85 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 


.75 


.75 
.85 
.85 
.86 
.80 
.80 
.80 
.80 
.80 
.80 


May. '  June. 


0.75 

.75 

.76 

.75 

.75 

■  .75 

.70 

.70 

•.70 

.70 

.70 

.70 

.70 

.85 

.80 

.80 

.75 

.80 

.85 

.85 

1.60 

2.20 

2.20 

2.00 

1.80 

3.05 

1.70 

1.50 

1.50 

1.50 

1.45 


1.30 

1.20 

1.20  ' 

2.20  I 

1.70 

1.50 

1.30  I 

1.25  , 

1.20 

1.20 

1.15  i 

1.10 

3.00 

2.00 

1.70  ' 

2.50 

2.90 

2.10 

2.10  I 

8.75  I 

5.50 

4.90  I 

6.00  , 

4.50 

3.80  i 

3.50 

3.20 

3.00 

5.40 

5.00 


5.20 
4.60 
4.30 
3.90 
3.40 
3.00 
2.80 
3.80 
3.40 
3.00 
6.70 
5.60 
5.00 
4.50 
3.50 
2.70 
2.60 
2.20 
2.00 
1.90 
1.80 
1.80 
1.70 
1.65 
3.00 
2.60 
2.40 
2.20 
2.00 
3.40 
3.20 


Aug. 

Sept. 

2.90 

3.00 

2.75 

2.80 

2.60 

2.70 

2.50 

2.60 

2.80 

2.40 

2.10 

2.30 

2.00 

2.20 

2.26 

2.00 

2.20 

1.90 

1.95 

1.85 

1.80 

1.80 

1.80 

1.70 

1.75 

1.70 

2.20 

1.65 

2.00 

1.60 

1.80 
1.60 
1.40 
1.30 
1.25 
3.80 
6.50 
8.30 
12.00 
6.50 
5.00 
4.20 
3.50 
3.30 
3.10 
3.80 


1.60 
1.65 
1.60 
1.50 
1.50 
1.50 
1.65 
3.00 
12.60 
9.00 
7.80 
6.20 
5.20 
4.(K) 
3.90 


Oct. 


8.60 

3.40 

3.60 

4.10 

4.20 

4.00 

3.80 

3.60 

3.90 

3.10 

2.90 

2.70 

2.60 

2.80 

3.00 

2.60 

2.60 

2.60 

2.35 

2.30 

2.20 

2.20 

2.16 

2.10 

2.0(5 

2.00 

2.00 

1.96 

1.90 

1.8r> 

1.85 


Nov.     Dec. 


1.80  i 

1.86  j 

1.86 

1.80  I 

1.80  , 

1.75 

1.70  ; 

1.60  ' 

1.60  < 

1.66 

1.50 

1.60 

1.66 

1.70 

1.65 

1.65 

1.65 

1.60 

1.60 

1.60 

1.66 

1.55 

1.50 

1.60 

1.45 

1.40 

1.35 

1.80 

1.25 

1.25 


1.25 

1.26 

1.20 

1.20 

1.20 

1.20 

1.20 

1.16 

1.15 

1.16 

1.16 

1.10 

1.10 

1.10 

1.20 

1.20 

1.20 

1.20 

1.30 

1.40 

1.40 

1.30 

(«) 

(°) 

1.40 

(°) 
(«) 
(«) 
(") 
(°) 
(«) 


«  River  frozen. 


Rating  table  for  Smoky  Hill  River  at  Ellmvorthj  Kann.jjor  190S. 


Gage 
height. 


Feet. 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 
2.2 
2.4 


Diitchurge. 

Second-feet. 

9 

17 

25 

55 

85 

125 

176 

235 

310 

395 


Gage* 
height. 

Discharge. 

Feet. 

Secottd-feet. 

2.6 

485 

2.8 

575 

3.0 

675 

3.2 

780 

3.4 

900 

3.6 

1,020 

3.8 

1,140 

4.0 

1,260 

4.2 

1,390 

4.4 

1,530 

Gage 


Feet. 
4.6 
4.8 
5.0 
5.2 
5.4 
5.6 
5.8 
6.0 
6.2 
6.4 
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[J«»,  M. 


EfUhnated  vimUhlt/  dinclumfe  of  Smoky  Hill  River  di  KIlsriHjrih,  Kan*. 

[DraliiMi^e  urea,  7,980  wniari'  iiiile.*<.  ] 


Mouth. 


Discharj^e  in  wcond-fcet. 


Maximum. 


Minimum. 


Mean. 


Run -off. 

Total  in  acre- . 

feet.  ftecoiul-fwt    Tj-.,^,,  ... 

'  per  muare     M^i*v'  '" 


19()2. 

January 

FeV)ruarv 

Marcli 

April 

May 

Junt? 

Julv 

A  unjust 

Septeiii>K*r . . . 

OctolxT 

No  vein)  MT ... 
Deceml)er  ... 


55 

100 

290 

23 

700 

4,85« 

3, 267 

7,  375 

7,840 

1,  390 

187 

85 


The  vear 


7,840 


17 

17 

19 

15 

13 

40 

137 

62 

100 

187 

62 

40 


13 


24 

38 

39 

18 

87 

821 

891 

1,021 

1,033 

588 

125 

64 


1,475 

3, 110 

2, 398 

1,071 

5,  349 

48, 853 

54,785 

62,  779 

61,468 

IVi,  155 

7,438 

3, 935 


39(>  1       2*87,816 


0.  (KXi 

.oa5 
.oa5 

.002 
.011 
.  103 
.112 
.128  ! 
.130 
.074 
.  016 
.008 

.050 


O.  UI3 

.(X)H 

.  rtC 

.  oir. 
.11% 
.11^ 

.14S 
.144 

.t>5 
.017 

.«>7t> 


MiMcellaitcons  tni'HHnremaU»  in.  Koiukih  River  drahiage  btisin  tw  Xehnisku. 
[Made  by  J.  ('.  Stevens,  B.  K.  ForJ>e.s,  H.  O.  Smith,  Frank  DoIjhuh.] 


Date, 


Stream. 


Ix>calitv, 


1902. 


April  5 


lihu'  Kiver '  Seward 


April  18 1 do 

Do ' do 

Sept«iul)er  16  . , » do 


Crete 

do 

Wvniore 

Sec.  1,  T.  1,  R.  11  W. 


July  2 Croijked  Creek 

June  10 Center  Creek i  Sec.  36,  T.  2,  R.  15  W 

Do do I  Sec..7,T.l,R.15  W. 

April  25 1  Frenchman  River '  Culbertson 

June  13 


September  18 

June  10 

April  25 

April  26 

Do 

Do 

April  27 


do 1  Enders 

d  > 1  Cidbertson 

lA)st  Creek |  Set!.  10,  T.  1 ,  R.  15  W 

Republican I  CullH^rtson 

<lo I  Ives 

do '  Stratton 

t 

do Haigler 

do !  Oxfonl 


50 
14:5 
132 

2:m 

**  175 
7.6 
7.  * 

60 
H6 
0.7 
204 

:» 

85 


52 


255 
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Mii9f?ell€uteon.K  ineamiretnenlH  hi  Kaivma  River  drainage  Ixmn  in  Nefprtutku — C'onlinued. 


I>ate. 


Stream. 


i^nty.  ■  ^,,J^^.^ 


McCook '•       137 

Franklin I       743 

Benklemun .• , . .  i        35 


1902. 

April  27 1  Republican 

June  10 do 

June  12 do 

S<*ptennl>er  17 ' do I  Oxford I        37 

Do ' do I  McCook '         29 

Do do Benkleman '        45 

September  18 do Culbertson '        41 

June  12 Republican, South  Fork...    State  Line I        32.8 

September  17 do '  Benkleman 31.6 

April  26 Rock  CVeek '  Ives 9. 9 


«  Flood. 

ARKANSAS    RIVER   DRAIXACiE   BA8IX. 

The  Arkansas  River  risew  in  the  central  part  of  Colorado,  flows  south 
for  about  70  miles,  then  east  for  50  miles,  increased  by  many  small 
mountain  streams.  At  Canyon,  Colo.,  it  emerges  from  the  Rocky 
Alountain  front  and  takes  a  general  easterly  direction  a<*ross  the  great 
plains  of  Colorado,  where  most  of  the  water  is  diverted  for  irrigation. 
It  flows  east  across  Kansas  to  the  center  of  the  Stiite,  thence  south- 
<Mist  through  Indian  Territory  and  Arkansas  into  the  Mississippi  River, 
about  25  miles  north  of  Greenville,  Miss.  Throughout  the  mountain- 
ous area  above  Canyon  the  discharge  increases,  but  as  soon  as  the  river 
emerges  onto  the  (xreat  Plains  the  water  is  gradually  diverted  by  lines 
of  canals,  so  that  by  the  time  the  Kansas  line  is  reached  the  river  is 
usually  dr}^  during  the  summer.  Among  its  tributaries  the  Neosho 
(c'alled  the  Gi'and  in  Indian  Territory)  and  the  Verdigris  rivers  drain 
southeastern  Kansas  and  flow^  south  in  nearly  parallel  courses,  joining 
the  Arkansas  about  3  miles  apart,  west  of  Tahlequah,  Ind.  T.  The 
Walnut  River  is  a  small  tributary  from  the  north,  flowing  into  the 
Arkansas  at  Arkansas  City,  Kans.  The  north  fork  of  the  Canadian 
River  rises  in  the  northeastern  part  of  New  Mexico,  and  flows  east 
through  Oklahoma  and  Indian  Territory  into  the  Canadian  River 
iibout  40  miles  above  its  mouth.  The  following  is  a  list  of  the  stations 
in  the  Arkan.sas  River  drainage  ba»sin: 

Canadian  River  (North  Fork)  near  Elreno,  Okla. 
Xeosho  River  at  lola,  Kans. 
Verdigris  River  near  Liberty,  Kans. 
Walnut  River  at  Arkansas  City,  Kant?. 
Arkansas  River  at  Arkansas  City,  Kans. 

IRR  vS4— 08 8 
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Arkansas 
Arkansas? 
Arkansas 
ArkariBiis 
Arkannas 
Arkansan 
Arkansas 
Arkansas 
Arkansas 


River  at  Hutchinson,  Kans. 
River  at  Dodge  City,  Kans. 
River  at  Syracuse,  Kans. 
River  at  Barton,  Colo. 
River  nearRockyford,  Colo. 
River  near  NejHJsta,  Colo. 
River  at  Pueblo,  Colo. 
River  near  Canyon,  Colo. 
River  at  Salida,  Colo. 


CANADIAN    RIVER  (nORTH    FORK)  NEAR   ELREXO,  OKLJL. 

This  station  was  estiiblished  Octo})er  27,  1902,  by  W.  G.  Russk^*!!, 
and  is  locjitod  at  tho  highway  bridge,  2  miles  north  of  Eli'eiio,  Okla. 
The  gage  is  of  the  usual  wire  type,  with  a  scale  ])oard  graduated  to 
feet  and  tenths,  and  nailed  to  the  railing  of  the  bridge.  The  l>ench 
mark  is  the  top  of  a  steel  cylinder  on  the  north  side  of  the  bridge. 
Its  (»lev'ation  is  11.8  feet  a]>ove  the  zero  of  the  gage.  The  initial  point 
for  sounding  is  on  the  right  bank.  T*he  channel  bothalx)ve  and  below 
the  station  is  straight  for  about  2(M)  feet;  the  right  bank  is  high  and 
the  left  ])ank  is  low:  both  banks  are  liable  to  overflow.  The  l)edof 
the  stream  is  sandy,  and  somewhat  shifting.  The  observer  is  (r.  (i. 
Sudennaiui,  who  reads  th^  R'lg^  once  daily. 

The  following  discharge  measurement  was  made  in  UM)2: 

()ctol)er  27:  (iajre  l:ei;iht,  2.00  fe^t;  diso.harge,  23  sec»nd-feet. 
DitUy  (jiKjc  heighi^  injWt^  of  Cnnadinn  Rhtr  [North  Fork),  near  KIreno,  Okla. 


Divy. 

1W2. 
1  ... 


Oct.    I    Ni>v.        l>cr.     I     Dry. 


2 
3 
4 
5 
6 
I 
S 


I  2.00 

I  2.  20 

I  2.  10 

I  2.10 

I  2. 10 


2.10 


2.  10 


2.  10 


2.  (iO 
2.  50 
2.40 
2.40 
2.40 
2.  50 
2.  50 
2.  50 


9 1  2. 10     2.50 


10 
11 


2.  10  I  2.  50 
2. 10  I  2.  50 


1902. 
12  .. 


Oct. 


Nov.       Dec. 


13 
14 


17 
IS 
19 
20 
21 


2.  10 
2.  30 
2.  20 


15  ...1 1  2.20 


I 


2.  20 
2. 30 
2.  30 

2.  30 
2.30 

3.  45 
2.  80 


2.50 
2.50 
2. 80 
2.80 
2.70 
2.70 
2.70 
2.60 
2.60 
2.60 
2.(^ 


Day. 

1902. 
23  .. 


Oct. 


Nov 


D-.T. 


24  ... 

25  . . . 

26  ... 

27  ... 

28  ... 
2«)  ... 

30  . . . 

31  ... 


2.00 
2.00 
2.(X) 
2.00 
2.00 


2.50 
3.  CX) 
2.80 
2.  «0 
2.50 
2.50 
2.50 
2.50 


2.  HI) 
2.ti0 
2.  70 
2.  SJJ 
2.  Sit 
2.  Si) 
2.4n 
2. 411 
2.  <H» 
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NEOSHO   RIVER   AT   lOLA,  KANS. 

The  station  wa«  established  in  July,  1895,  and  is  located  at  the  high- 
way bridg-c  1  mile  west  of  the  city  of  Tola,  Kans.  The  gage  is  fas- 
tened to  the  head  gates  of  the  flume  about  90  feet  above  the  bridge. 
The  bench  mark  is  the  heads  of  three  large  nails  driven  into  the  cross- 
piece  of  the  flume,  and  is  13.30  feet  above  the  datum  of  the  gage. 

The  observer  is  Thomas  J.  Stale  v. 

The  following  discharge  measurements  were  made  by  W.  G.  Russell 
during  1902: 

April  26:  Gage  height,  3.00  feet;  discharge,  512  second-feet. 
May  29:  Gage  height,  12.00  feet;  dist'harge,  15,216  aecond-fett. 
June  19:  Gage  height,  4.50  feet;  discharge,  1,312  second-feet. 
July  29:  Gage  height,  7.70  feet;  discharge,  6,995  second-feet. 
August  25:  Gage  height,  16.50  feet;  discharge,  25,246  second-feet. 

Daily  gage  height,  in  feet,  of  Xeoaho  River  at  Tola,  Kam. 


Day. 

Jan. 

2.00 
2.00 
2.10 
2.20 
2.30 
2.30 
2.50 
2.,t0 
2.50 
2.50 
2.50 
2..T0 

Feb. 

2.70 
i^70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.80 
2.80 
2.80 
2.80 
2.80 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.15 
3.60 
3.60 

Mar. 

Apr. 

2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.85 
2.80 
2.80 
2.80 
2,80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.K) 
2.80 
2.80 
2.80 
2.80 
2-80 
3.00 
4.00 
3.00 
3.00 
6.50 
5.75 
4.25 

May. 

4.00 

3.50 

3.50 

3.30 

3.30 

6.10 

5.25 

3.50 

3.00 

3.00 

2.90 

2.80 

2.80 

2.80 

2.80 

4.25 

6.55 

5.20 

4.25 

3. '25 

4.50 

11.50 

12.00 

12. 75 

12.35 

13.50 

12. 50 

12.60 

12.00 

9.00 

6. 25 

June. 

1 
8.00 

7.50 

5. 75 

5.50  1 

13.00 

15.25 

16.76  1 

17.90 

17.90 

20.50 

21. 25 

15.50 

5.65 

5.00 

5.00 

5.00 

5.00 

4.50 

4."50 

11.60 

15.50 

15.00 

10.50 

t 

8. 25 

7.65 

5.50 

5.00 

4.50  1 

4.50 

4.50 

t 

July. 

4.50 
4.50 
4.50 
4.50 
4.50 
4.60 
4.50 
5.00 
5.00 
5.00 
4.70 
4.70 
4.50 
4.50 
4.25 
4.00 
4.00 
4.00 
4.50 
6.00 
5.00 
4.00 
1.00 
4.00 
3.50 
3.50 
3.50 
4.00 
7.55 
6.00 
5.40 

Aug. 

5.15 
4. '25 
3.00 
2,85 
'2.80 
2. 65 
•2.50 
2.50 
2.40 
•2.40 
'2.40 
'2.40 
•2.40 
'2.40 
•2.90 
•2.90 
'2.50 
•2.50 
3.00 
5.85 
9.75 

u.rio 

13.50 
16. 25 
16. '25 
15.  ^25 
15.  -25 
14. 15 
7.50 
5. '25 
1'2.'25 

1 

Sept.  1 

13.50 
12.10 
10.50 
6.'i5 
5. '25 
6.15 
7.35 
8.10 
6.75 
5.90 
5.  ^25 
4.40 
3.50 
3.40 
3.40 
3.40 
3.00 
3.00 
3.10 
3.20 
3.50 
6.00 
8.50 
8.50 
1^2.  '25 
7.75 
6.00 
5.00 
5.00 
4.90 

Oct. 

4.65 
4.00 
4.50 
10.00 
14.25 
11.75 
11.75 
10.76 
8.75 
6.65 
6.10 
6. '20 
5.50 
5.40 
5.30 
5. '20 
5.50 
5.50 
5.20 
5.40 
5.50 
4.75 
4.50 
4.  '25 
4. '20 
4.50 
4.00 
4.00 
3.6:1 
3.50 
3.40 

Nov. 

Dec. 

iyU2. 
1   

3.15 
4.00 
3.50 
3.60 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
2.90 
3.00 
3.10 
3.00 
2.80 
2.80 
2.90 
2.90 
2.70 
2.70 
3.00 
3.00 
2.80 
2.80 
2.90 
2.90 
2.90 
3.00 
3.00 
2.80 
2.80 

3.35 
3.30 
3.35 
3.80 
3.15 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
5.00 
5.00 
4.50 
4.30 
4.30 
4. -20 
4.^20 
4.00 
3.80 
3.80 
3.70 
3.70 
3.70 
3.60 
3.60 
3.60 
3.60 

3.60 

•> 

3.65 

3 

I            

4.85 
5.70 

^       . 

4.50 

b 

3.95 
3.90 

s 

3.65 

9 

3.60 

10       

3.50 

11   

3.60 

1  •>                    

3.50 

13 

11 

2.50 
2. 50 
2.50 
2.50 
2.60 
2.50 
2.50 
2.60 
2.60 
2.70 
2.70 
2.70 
2.75 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 

3.50 
3.60 

15 ,' 

4.60 

16 

17     

4.65 
3.86 

18          

3.90 

19           

4.00 

20 

•21      

7.26 
8.00 

22      

7.00 

•>3           

6.50 

21 

2o 

2ii 

•  >7        

6.00 
5.00 

4,a5 

4.50 

•»H 

4.50 

29      

4.*20 

30 

31      

4.00 
3.90 

• 
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[Nf.  M 


Rating  kifde  for  Ne<aho  River  lU  Jola,  Kiiwi.,fitr  J90J. 


Gage 
height. 

Dineharge. 
St-romt-/ect. 

(tuge 
,  "height. 

1 
DiHcharge.    1 

1 

Gage 
height. 

rn-t. 

Dbtchargo. 

Ga«e 
lieigiit. 

FcH. 

niwrharpi 

»W. 

1 
Senmd-JefL    i 

Servnti-fer' 

2.0 

190 

:       4.8 

1 

2,360 

7.6 

6,780 

11.0 

13.  IW 

2.2. 

260 

'       5.0 

1 

2,600     ' 

7.8 

7,140     1 

11.5 

14,  150 

2.4 

1           3.*^ 

!       5. 2 

2, 900     1 

8.0 

7,500     ! 

12.0 

15,200 

2.6 

400 

5.  4 

3, 200     ' 

8.2 

7, 8(50 

'            1 

12.5 

16,  300 

2.8 

490 

5.6 

3,500     ' 

8.4 

8,220 

13.0 

17,400 

:i.O 

> 

580 

5.8 

3,800 

8.6 

8,580     , 

13.  5 

1H,.V10 

3.  2 

700 

6.0 

4,100     1 

8.8 

8, 940     , 

1     14.0 

19,  tKlO 

;i4 

850 

6.2 

4,420 

9.0 

9,300     [ 

1     15.0 

21,8<Kl 

8.6 

1       1 ,  000 

6.4 

4, 740     . 

9.2 

9,660 

'     16.0 

24,  OiXl 

3.8 

,       1,200 

6.6 

5,060 

9.4 

10,020 

17.0 

* 

2«,  2011 

4.0 

1,400 

6.8 

5,380 

9.6 

10, 380 

'     18.0 

28,  4<.»0 

4.2 

!       1,640 

7.0 

5, 700     , 

9.8 

10,  740 

19.0 

:iO,  «oo 

4.4 

1,880 

'       7  2 

6,060     , 

10.0 

11,100 

20.0 

32,  SiiO 

4.6 

1       2,  120 

7.4 

6,420 

10.5 

12,100 

21 . 0 

1 

H5,  CWO 

JCfihmiU'd  movthly  discharge  of  Xeosho  Rirer  at  fota^  KattA. 
[Drainage  area,  3,670  Mjiiare  mikti.] 


Month. 


1902. 


JaiiiiHrv  .. 
Febniarv  . 

March 

April 

May 

June 

July 

August  . . . 
September 
Oct<>l)er  . . 
Novenil)er 
December 


Discharge  in  aeecuid-feet. 


Maximum.     Minimum.       Me«in. 


Run-<*fr. 


Total  in 
acre-feet. 


Second-  foot    j .  _ ,  ^ 
per  squaiv      *r- »*r' 


:i 


mile. 


The  vear. 


467 
1,000 
1,400 
4,1H30 
18,500 
;i5,550  ' 
6,690  I 
24,550  [ 
18,500 
20, 150 
2,  (>00 
7,500 

35,  550 


190 
445 
445 
490 
490 
2,000 
925 
330 
580 
850 
580 
925 

190 


370 
549 
601 

8:% 

5,  585 
11,694 

2,169 

6,  382 
4,962 
4,()89 
1,119 
2, 227 

3, 432 


22,  750 
;W,  470 
3(i,954  I 
49,745  , 
:U3,408  \ 
695,841  . 

i:«,  :^67 

392,414 

I 
395,259  I 

288,315  , 

66, 585 

i:i6,933 

2, 492, 041 


0.  10 
.  15 
.16 
.28 

1.52 

3.19 

.59 

1.74 

l.:i5 

1.28 

.30 

.61 

.94 


inch« 


0. 


12 
lo 
1> 

2>> 


51 
4" 

m  * 

12.74 


1 
1 


VERDIGRIS   RIVER   NEAR   LIRERTY,  KAN8. 

m 

The  .stiition  was  estal)lished  in  August,  1895,  and  is  located  at  a 
wagon  bridge  about  250  feet  below  McTaggart's  mill  daiii^  alK>ut .» 
miles  southwest  of  the  town  of  Liberty,  Kans.     The  gage  is  a  verticd 
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tiniber  fastened  to  the  floor  of  the  mill.  Bench  mark  No.  1  is  the 
heads  of  three  large  nails  in  the  flume,  and  is  at  an  elevation  of  12.46 
feet  above  the  zero  of  the  gage.  Bench  mark  No.  2  is  the  head  of  a 
spike  in  the  root  of  a  cottonwood  tree  40  feet  south  of  the  gage,  and 
is  at  an  elevation  of  10.98  feet  above  gage  datum.  The  bed  is  rocky, 
composed  of  gi*avel  and  subject  to  very  little  change.  In  1900  a  new 
l>on<*h  mark  was  established,  consisting  of  3  nails  driven  horizontall}'^ 
into  a  root  on  the  river  side  of  a  cottonwool!  tree  40  feet  south  of  the 
gage,  the  nails  being  8  inches  })elow  a  sandstone  rock  which  protrudes 
from  a  hollow  in  the  tree.  Its  elevation  is  11.88  feet  above  the  zero 
of  the  old  gage. 

The  observer  is  C.  Fienen. 

During  1902  the  following  discharge  measurements  were  made  by 
\V.  (J.  Russell: 

April  27:  Gage  height,  3.10  feet;  discharge,  284  secomi-feet. 
May  30:  Gage  height,  5.50  feet;  discharge,  1,822  Hecon<l-feet. 
June  20:  Gage  height,  9.75  feet;  discharge,  6,192  second-feet. 
Auj^n^t  24:  Gage  height,  8.70  feet;  discharge,  5,136  sec^ond-feet. 

Daily  gage  hHghty  in  feety  of  Verdigrbt  River  iiear  Liltertyy  Kans. 


I>ay. 


Jan. 


1902. 


4. 

r». 

6. 

•» 

/ . 

H. 

9. 
10. 
11- 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
Z'y. 
26. 
27. 
28. 
29. 
80- 
31. 


2  00 
2.00 
2.00 

2.(;o 

2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.  CO 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 


Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

1.90 

3.85 

3.00 

2.60 

5.20 

5.70 

1.90  '  3.76 

2.90 

3.30 

8.35 

5.30 

1.90     3.70 

2.90 

4.25 

7.25 

4.45 

l.SO     3.45 

2.90 

3.30 

11.90 

4.05 

1.90     2.M) 

2.90 

5. 25 

26.25 

3.75 

1.90     2.70 

2.90 

6.95 

81.75 

3.55 

1.90  '  2.60 

2.80 

9.45 

33.37 

3.35 

1.90     2.55 

2.70 

6.20 

32.10 

6.40 

1.90     2.50 

2.70 

6.00 

29.50 

9.40 

1.90     2.40 

2.70 

4.a5 

13.25 

6.10 

1.90  1  2.40 

2.65 

3.60 

6. 25 

5.80 

1.90 

2.50 

2.a'> 

3.a5 

5.40 

4.35 

1.90 

2.40 

2.60 

3.25 

4.90 

4.10 

1.90 

2.40     2.60 

3.05 

4.70 

3.85 

1.90- 

2.40 

2.60 

3.05 

6.65 

3.65 

1.90 

2.80 

2.60 

3.15 

8.30 

3.45 

1.90 

2. 75 

2.65 

2.90 

4.90 

3.30 

1.90 

2. 70     2. 65 

2.75 

5.35 

3.20 

1.90 

2.60     2.60 

2.80 

10.65 

4.;w 

1.90 

2.50     2.60 

2.90 

12,06 

4.05 

1.90 

2. 50     2. 60 

8.40 

14.10 

5.35 

1.90 

2.50     2.56 

13.30 

15.06 

1.10 

1.90 

2.60  1  2.55 

22.70 

14.90 

3.90 

2.25 

3.55  1  2.65 

28.05 

9.10 

3.95 

2.75 

3.40 

3.60 

28. 67 

5.15 

8. 45 

5.60 

3.35     3.90 

25. 25 

4.70 

3.00 

6.05 

3.55     3.10 

22.30 

4.40 

2.90 

4.70 

3. 70     2. 8.1 

19.00 

4.20 

2.90 

3.50     2.65 

9.10 

4.75 

2.a5 

3.25 

2.60 

5.40 

e.a's 

3.80 

3.16 

...... 

5.00 



3.80 

Auk.  I  Sept,      Oot.      Nov. 


3.60 
3.25 
Z.Oft 
2.80 
2.65 
2.60 
2.50 
2.50 
2.70 
3.10 
2.95 
2.95 
2. 75 
2.60 
2.60 
2.60 
2.40 
2.40 
2.30 
2. 25 
2.70 
3. 45 
3.  (>5 
7.90 
10.00 
11.95 
8. 25 
5.40 
4.70 
8.70 
8.20 


I 


14. 25 
11.00 
7.00 
4. 65 
4.20 
7.90 
10. 75 
7.50 
4.75 
3.75 
3.60 
3.40 
3.35 
3.30 
3. 15 
3.00 
3.05 
3. 05 
3.00 
3.50 
4. 75 
5. 25 
5. 40 
13.00 
20.75 
17.90 
7.00 
5.75 
5. 15 
5.00 


4.80 
4.60 
4.65 
6.80 
15.20 
16.85 
11.05 
6.10 
5.40 
4.95 
4.  75 
4.55 
4.40 
4.26 
4.10 
4.05 
3.95 
8.75 
8.65 
3.60 
3.60 
3.60 
8.55 
3. 45 
3.40 
8.30 
3.25 
3.20 
3.20 
3.20 
8.20 


8.20 
8.25 
3.50 
4.10 
5.50 
4.30 
3.95 
3.85 
8.80 
8.70 
8.55 
3.45 
8.20 
12. 70 
14.20 
7.90 
5.80 
6.00 
4.65 
4.50 
4.40 
4.a5 
4. 25 
4.45 
4.65 
4.55 
4.40 
4.30 
3.96 
8.S.5 


Deo. 


3.80 
4.15 
6. 20 
5.90 
5.85 
1.66 
4. '25 
4.10 
4.00 
4.00 
4.00 
4.00 
4.00 
4.85 
11.25 
10.10 
6.40 
5. 40 
6.40 
7.05 
10.75 
8.45 
6.10 
5.45 
5.10 
4.75 
4.55 
4.80 
4.30 
4.30 
4.80 
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Half  rig  tahir  fur  Venlkgrh  U\rer  near  Liberty  ^  Karui,ff(rr  190£. 


I  Xf '.  "^ 


(JttgO 

heiRlit. 


l.U 
1.4 

l.S 

2.0 
»>  •) 

2.4 
2.0 

2.8 
•X  0 


:i.4 

3.  (5- 

3.8 

4.0 

4.2 

4.4 

4.0 

4.8 

5.0 


I 


iJiw.hrtivt'. 
Strotni-jWt. 

2 

5 

10 


27 


00 

140 

205 

280 

:^)8 

4(54 

5(50 

6(50 

700 

800 

9(50 

1,060 

1,1(54 

1 ,  280 

1,400 


heiKht. 

I)iw;harKc 

Ffft 

St-amd-fci  t 

5.2 

1 ,  520 

5.4 

1,(550 

5.  0 

1,780 

5.8 

1,920 

0.  0 

2, 0(50 

0.2 

2,200 

(5.4 

2,340 

(5.0 

2,480 

0.8 

2,020 

7.0 

2,  700 

7.2 

2,901 

7.4 

3, 043 

7.0 

3, 188 

7.8 

3, 334 

8.0 

3, 480 

8.2 
8.4 
8.  0 
8.8 
9.0 


3,  (520 
3,  775 

3,  925 

4,  075 
4,  225 


I'    height. 


Ffit. 
9.2 
9.4 
9.0 
9.8 
10.0 
10.2 
10.4 
10.0 
10.8 
11.0 
11.2 
11.4 
11.0 
11.8 
12.0 
13.0 
14.0 
15.0 
1(5.0 
17.0 


I  DiHchnrgv. 

I  4, 375 
'  4, 525 
4,680 
4,840 
5,000 
5, 1(50 
5, 320 
5,480 
5,  (540 
1  5, 801 
'  5, 9(53 
I  0, 1 20 
[  (5, 2?K) 
I  0, 454 
j  0,019 
I  7, 458 
8,  300 
I  9, 150 
'  10,100 
11,150 


hoiphl. 


Fttt. 
18.0 

19.  0 
20.0 
21.0 
22.0 
2:^.0 
24.0 
25.  0 

20.  0 
27.0 
2S.0 

2^).n 

30.  0 
31.0 
32.  0 

rw.o 
:i4.o 
:ys.  0 
:^.o 


liiwhaiYi 


I 


Strtywi-Jf'i. 

12,:JiH> 

I3,50l> 
14,  7U» 
I5,<¥)0 
17,  150 
18,500 
19,900 

21,  .5011 

22,  7IMI 
24,  100 
25,.>i«0 
26, 900 

28,  :^ii» 

25^,  7iM) 

31,  1(^» 

32,  500 

:j3,  avi 

:i5,  450 
:^5.954i 


Kntimated  intmthhf  (Uarharije  of  VenUgria  Hirer  war  LifMTfy^  AVrnjt. 

(Draiimgo  aroa,  3.0<>7  sciwaro  mik'H.] 


Discharge  in  sorond-feet. 


Month. 


Maximuin.     Minimum. 


Mean. 


1902. 
January  

February  

March 

April 

Mav 

June 

Julv 

August 

September... 

October 

November . . . 

Decem>)er  ... 


;>;> 


The  vt^ar 


1,780 

785 

810 

2(5,  438 

33,018 

4,  525 

(5,  577 

15,(550 

11,080 

8, 470 

(5,  433 

3.3,018 


40 
40 
140 
187 
205 
9(50 
320 
100 
30S 
404 
4(54 
085 


45 

204 

:i57 

208 

5, 395 

7,  893 

1,050 

1,051 

2,  935 

1,70(5 

1,598 

1 ,  852 


Total  in 
ftcn»-feot. 


Run-off, 
Seoon«l-fift 


I  |»er  .squart* 
I        mile. 


int'lit"' 


2,7(57  ! 

2i,a5i 

15,947  i 
331,718  I 
409, 660 

04, 5(52 

64, 023 
174,045  ; 
104,898  • 

95, 088.  \ 
113,875 


0.  01 
.07 
.  12 
.09 

1 .  7r» 

2.  57 

.:u 

.96 
.o<> 
.o2 


Oj'i 
."7 
.14 

2.< 


40  I     2,0.30  ;  1,471,070 


.Oii 


i.o: 
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WALNUT  RIVER   AT  ARKANSAS   (^ITY,  KANS. 

This  station  was  established  September  21^  1902,  by  W.  G.  Russell, 
and  is  located  on  the  Madison  avenue  highway  bridge  one-half  mile 
east  of  Arkansas  City,  Kans.  The  gJige  is  of  the  usual  wire  type,  with 
the  scalolK)ard  graduated  to  feet  and  tenths;  it  is  read  daily  by  I).  T. 
Burton.  The  bench  mark  is  the  lower  edge  of  the  fifth  rivet  from  the 
top  in  the  upper  row  on  the  fourth  section  of  the  west  side  of  the 
south  pier.  The  initial  point  for  sounding  is  on  the  right  bank.  The 
channel  both  above  and  l)elow  the  station  is  straight,  and  the  river  is 
sluggish;  both  the  right  and  left  bank  are  high;  the  bed  of  the  stream 
is  sand}'  and  shifting. 

The  following  discharge  measurements  were  made  during  1902  by 
VV.  (t.  Russell: 

Septeml)er  24:  Gage  height,  10.15  feet;  (Uscharge,  3,8S)9  second-feet. 
CK'toher  20:  Gage  height,  4.5)0  feet;  dipcharge,  1S2  second-feet. 

Daily  gage  height,  in  feet,  of  Walmit  Biver  at  ArkamtdH  dtyy  Kans, 


Day.      Sept. 

o^t. 

Nov. 

Dec. 

Day. 

Sept. 

Oct. 

1 

Nov. 

Dvc. 

Day. 

Sept. 

1 

Oct.    Nov. 

1 

Dec. 

I9<r2. 

1 

1    

5.30     5.05 
5.  G5     5. 00 
6.10     4.45 

4.46 
4.40 
4.30 

12 

4.45 
4.40 

4.60 
4.70 
1.60 

4.45 
4.40 
4. 65 

23 

1 

4.10     4.20  ' 

5.90 

•» 

13 

24.... 
2.') 

.  10.80 

4.20     4.30  1 

6. 15 

.>......  ...... 

14 1 

4.:« 

.  10. 40 

4.00     4.40  . 

6.20 

t 

5.65 

4.60 
5.00 

4.40 
4.30 

15 ' 4.40 

16 1 1  4.10 

1 

4.40 
4.30 

5.25 
5.40 

2e;.... 
27 

7.30 
6.40 

4.:W  1  4.30 
4.20     4.30 

6. 60 

5 

8.75 

5. 75 

G 

9. 45 

5.10 

4.30 

17 '  4.10 

4.40 

5. 50 

28  ... . 

6.10  ,  4.00     4.20 

5.70 

7 

6. 55     5. 05 

4.10 

18 1 4.00 

4. 50 

5. 60 

•29 

6.00 

4.10     4.30 

5.  iV) 

8 

6.00 

5. 10 

4.40 

19 ' 4.20 

4.60 

5. 60 

30 

4.40 

4.a5     4.40 

5.60 

9             -     

5.20 

5.20 

4.30 
4.30 

20 

4.10 
1.30 

4.50 
4.40 

5. 55 
5. 70 

31 

4.30 

1 

1 

5. 70 

10 

5.10 

5.10 

21 

11 

5.00 

5.00 

4.40 

1 

22 

4.20 

4.15 

■ 

5.80 

ARKANSAS   RIVER   AT   ARKANSAS   CITY,  KANS. 

This  station  was  established  September  23,  1902,  by  W.  G.  Russell. 
It  is  located  on  the  Chestnut  avenue  highway  bridge,  one-half  mile 
west  of  Arkansas  Cit}-,  Kans.  The  gage  is  a  painted  staff  graduated 
to  feet  and  tenths,  spiked  to  the  west  side  of  the  south  pile  of  the 
second  hent  on  Chestnut  avenue.  The  bench  mark  is  the  top  of  the  cap 
on  the  pile  which  carries  the  gage.  Its  elevation  is  17. "2  feet  above  zero 
of  the  gage.  The  initial  point  for  sounding  is  on  the  left  bank.  The 
channel  is  straight  for  about  200  feet  ])oth  a})ove  and  ))elow  the  station; 
both  banks  are  low  and  liable  to  overflow;  the  bed  of  the  river  is 
sandy  and  shifting.  The  observer  is  D.  T.  liurton,  who  reads  the 
^age  daily. 

The  following  discharge  measurements  were  made  during  1902: 

September  23:  (lage  height,  4.70  feet;  discharge,  1,008  secon<l-feet. 
Octolier  20:  (rage  height,  3. SO  ieet;  discliarge,  218  wn^oml-feet. 
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STREAM   MEASUREMENTS    IN    1902,   PART   HI. 


[so.  M. 


Daily  gage  height j  mfeet,  of  Arkartmn  Rirer  at  ArkaruKis  City,  Kans. 


Day.             1 

Bept. 

Oct. 

Nov.   ! 

Dec. 

Day. 

Sept.   1 

Oct.     ' 

Nov. 

1 

Dw' 

1902.             1 

1 

1 

1902. 

' 

1 

1 

4.10 
4.30 
4.40 
4.45 

4.r)0 

4.40  1 
4.10  1 
3.70 
3.80 
3.60  1 

3.40 
3.40 
3.50 
3.40 
3.30 

17.. 
18.. 
19.. 
20., 
21.. 

4.00 
3.20 
3.00 
3.20 
3.10 

3.50 
3.60 
3.70 
3.70 
3.  GO 

S.71' 

? 

1 

3  »»J 

3 

1 

S.7«t 

4 

S.70 

5.. 



3  «■-• 

6.. 

1 

4. 55 

3.80 

3.40 

22.. 

3.30 

3-50 

3.,r. 

7.. 

4.50 

3.40  ' 

3.45 

23.. 

4.70 

3.40 

3.  GO 

3.2"' 

8.. 

1 

4.45 

8.45  1 

3.45 

24.. 

4.30 

3.55 

S.50 

3.3L' 

9.. 

' 

1 

4.55 

3.65  ' 

3.50 

•25.. 



4.20 

4.10 

3.40 

3.10 

10.. 

4.30 

3.60  , 

«.40 

26.. 

4.10 

4.00 

3.ft0 

3.O0 

11.- 

4. 55 

3.50  1 

3.45 

27.. 

4.10  1 

4.10 

3.  GO 

2,70 

12.. 

4.40 

3.60  1 

3.40 

28.. 

4.10  1 

4.20 

3.O0 

±H> 

13.. 

4.20 

3.70 

3.40 

29.. 

4.00  1 

4.10 

3.  40 

2.75 

14.. 

4.30 

3.60  1 

3.50 

80.. 

1 

4.05  1 

4.10 

1 

8.») 

2.*r> 

^f^  . 

' 

4.10 
4. 15 

3.40  ' 
3.60  ' 

3.60 
3.70 

31.. 

! 

4.20    . 

2  C» 

16.. 

1 

1 

ARKANSAS   RIVER   AT   HUTCHINSON,  KANS. 

The  Arkansas  River,  after  crossing  the  Kansas  and  Colorado  Slat^ 
line,  is  not  systematically  measured  until  Hutchinson,  in  alK>ut  the 
center  of  the  State,  is  reached.  The  station  here  was  established  Mav 
13,  1895,  and  is  located  at  the  wagon  bridge  at  the  south  end  of  Alain 
street.  The  gage  consists  of  an  oak  timber  spiked  to  a  pile  a  few  feet 
above  the  bridge.  Bench  mark  No.  1  is  the  upper  crosspiece  of  the 
pier  guard,  with  an  elevation  of  8.35  feet  above  zero  of  the  gage. 
Bench  mark  No.  2  is  the  top  of  the  iron  doorsill  of  the  first  brick  build- 
ing next  to  the  river,  and  its  elevation  is  8.12  feet  above  gage  datum. 
The  channel  is  straight  for  some  distance  above  and  below  the  bridge; 
the  bed  is  sandy  and  very  shifting,  necessitating  frequent  discharge 
measurements  and  soundings.  At  time  of  low  wa,ter  the  stream  sul^ 
divides  into  a  number  of  threads.  Measurements  of  discharge  are 
made  from  the  bridge  at  times  of  high  water,  and  at  low  water  they 
can  be  made  by  wading. 

The  observer  is  Daniel  Lauer. 
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Discharge  measurement x  made  on  Arkaiman  Rirer  at  llnichiumny  Knits. 


Date. 


Hydn)grapher. 


W.  (i.  Ruflsell 


1902. 

April  25 

Mav  31 1 <1<> 

June  3 1 do 

June  4 1 do 

June  18 1 do 

July  18 do 

AugUKt  2:^ <io 

Noveiiil)er2o do 


Gage 


heig^it.      I>''«-harKO. 


Fed. 
1.10 
1.50 
4.15 
3.  75 
2.  05 
2.  55 
2.40 
1.20 


I  Sfcimdfeet. 
I  39 

I  155 

I  5, 057 

3,  824 
'  550 

1,06(5 

I  1,117 

95 


I)aihj  gage  height^  iu  feet,  nf  Arhninas  Rirer  at  Jfuichiiuumj  Kanx. 


I>HV 


Jan. 


1902. 

1 1.-20 

2 ,  1.20 

3 l.'io 

4 :  1.2.5 

Ty 1.25 

i; •. 1.'20 

7 1.20 

M 1.15 

9 '  1.10 

10 1.05 

11 j  1.00 

12 '  1.10 

13 '  1.10 

14 1.05 

1.5 '  1.0'i 

16 1.00 

17 1.00 

18 '  1.00 

19 100 

•JO 100 

21 . 1 .  25 

22 l.*.2f> 

23 l.'^'> 

24 1  1.25 

25 1.20 

26 '  1.20 

27 (") 

2S 1.20 

.JO        '  1.20 

M 1  (") 

31 1  1.20 


Fob. 

Mar. 

Apr. 

May. 

.IllIlO. 

July. 

• 

Aug. 

Sfpl. 

Oct. 

Nov. 

Deo. 

1.20 

2.00 

1.25 

1.00 

4.42 

2. 15 

l.HO 

1.70 

2.30 

1.30 

1.10 

2.00 

2.00 

1.25 

1.00 

4.60 

2.40 

1.60 

1.70 

2.10 

i.:h) 

1.10 

("^ 

2.00 

1. 25 

1.00 

4.12 

2.40 

l.(X) 

1.60 

2.00 

1.30 

1.10 

2.00 

2.00 

1.20 

1.10 

3.72 

2.40 

1..55 

1.50 

1.95 

1.30 

1.10 

2.00 

l.«0 

1.20 

1.10 

3.57 

2. 15 

1..% 

1.55 

1.85 

1.30 

1.10 

2.00 

1.60 

1.20 

1.10 

•{.a") 

2.05 

1.45 

1.60 

1.76 

1.25 

1.10 

(") 

l..'iO 

1.20 

l.IU 

2.  H2 

2.  05 

1.40 

i.a5 

1.70 

l.'iT) 

1.10 

2.00 

1.40 

1.20 

1.05 

2.70 

2.  U) 

1.40 

1.45 

1.<K) 

1.25 

1.20 

1.20 

1.35 

1.20 

i.a5 

2, 62 

1.05 

1.40 

1.45 

1.65 

1.20 

1.30 

t") 

i.:io 

1.20 

1.05 

2. 52 

1.U5 

1.40 

1.40 

1.65 

1.20 

1.30 

1.20 

l.:^o 

1.20 

l.li5 

2.  45 

1.90 

i.yo 

1.40 

1.60 

1.20 

•   1.80 

1.20 

1.25 

1.15 

1.00 

2.40 

1.H5 

2. 45 

1.35 

1.50 

1.20 

1.30 

1.25 

1.15 

i.to 

2.  32 

2.10 

2.20 

1.35 

1.50 

1. 25 

1.30 

1.20 

1.20 

1.15 

1.20 

2.22 

2.50 

2.10 

1.35 

1.50 

1.30 

1.30 

1.15 

1.15 

i.:,u 

2.10 

2.55 

2.00 

1.30 

1..15 

1.25 

1.80 

1.20 

1.10 

1. 15 

l.'.O 

2.00 

2.  (X) 

1.95 

1.30 

1.45 

1.20 

1.30 

(") 

1.10 

1.15 

1.25 

1.05 

2.60 

1.S5 

i.::o 

1.40 

1.20 

1.30 

1.20 

1.10 

1.15 

1.20 

2. 15 

2.50 

l.SO 

1.25 

1.35 

1.20 

1.30 

('") 

1.10 

1.15 

1.15 

2.20 

2. 15 

1.75 

1.25 

i.:j5 

1.20 

1.30 

1.20 

l.IU 

1.15 

1.15 

2.  "20 

l.tt5 

1.75 

1.20 

l.:V) 

1.20 

1.40 

(") 

1.10 

1.10 

1.30 

2.26 

1.70 

2. 45 

1.25 

1.35 

1.20 

"1.50 

l.'JL) 

1.15 

1.10 

1.  75 

2.30 

1.-70 

2.  :>() 

1.25 

1.35 

1.20 

«1.50 

2.00 

1.20 

l.TO 

2.  (K) 

2. 25 

1.70 

2. 35 

1.35 

i.:jo 

1.20 

"1.50 

2.00 

1.20 

La--) 

2.00 

2.  45 

1.70 

2.40 

i.:jo 

1.30 

1.20 

al.60 

2.00 

1.20 

1.0:') 

1.70 

2. 50 

1.75 

2.  .'lO 

1.25 

1.30 

1.20 

«1.50 

2.00 

1.25 

1.0.') 

1.55 

2. 40 

1.75 

2.40 

1.25 

1.30 

1.20 

« 1. 50 

2.00 

1.30 

1.05 

1.40 

2.30 

l.HO 

2.;i5 

1.25 

1.30 

1.10 

al.50 

2.00 

1.30 

1.00 

1.50 

2. 2.=) 

1.00 

2. 25 

2.00 

1.30 

1.10 

1.50 

i.:w 

1.00 

1.45 

2.25 

2.00 

2. 10 

2. 15 

1.30 

1.10 

1.40 

1.30 

l.(K) 

1..".0 

2. 15 

2.(K) 

2. 00 

2. 30 

1.30 

1.10 

1.40 

1.30 

3.  'JO 

1.90 

l.HO 

l.W 



1.40 

«  Froeeii. 
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STREAM   MEASUREMENTS    IN    1902,  PART   III. 


[so.  ^L 


Rating  tafdf.for  Arkanms  River  at  HutdiVMon^  Kans.yfor  190g. 


Gage 
height. 

1 

Discharge. 
Srnmd-ff'et . 

Gage 
height. 

Diticharge. 
SfTfmtl-Jeet. 

1 

!     Gage 
height. 

Dlfirharge. 

Gage 
height. 

Dischaigf. 

FerL 

Feei. 

FM. 

Seeond-feet. 

Fbtt. 

S!econf1-/ffi. 

1        0.8 

20 

1.8 

325 

2.8 

1,640 

3.8 

4,080 

.9 

30 

1.9 

400 

2.9 

1,820 

3.9 

4,340 

• 

1.0 

40 

2.0 

475 

3.0 

1 

2,000 

4.0 

4,600 

1.1 

60 

2.1 

600 

3.1 

2,260 

4.1 

4,860 

1.2 

80 

2.2 

725 

'      3.2 

1 

2,520 

4.2 

5,120 

1.3 

100 

2.3 

850 

3.3 

2,780 

4.3 

5,380 

'       1.4 

125 

2.4 

975 

3.4 

3,040 

4.4 

5,ft40 

,       ^-5 

150 

2.5 

1,100 

3.5 

3,300 

4.6 

5,900 

.      1.6 

200 

2.6 

1,280 

3.6 

3,560 

4.6 

6,160 

'      1.7 

1 

250 

2.7 

1,460 

'      3.7 

3,820 

ERtimiiUil  monthly  diHcharge  of  Arkanaa*  Riv^r  at  Hutchinson y  KmtA. 

[Drainage  area,  34.000  Rquarc  miles.] 


Month. 


Dischaigo  in  Hccond-feet. 


Maximum.     Minimum.       Mean. 


Run-off. 


Total  in 
RP  re-feet. 


Second -feet 

per  squan* 

mile. 


1902. 

January  

Febnmrv 

Manrh 

April 

May 

June 

July 

August 

September 

October 

Noveml)er 

Decenibt^r 

The  year. 


Depth  in 
inrhf?'. 


90 

475 

475 

90 

4,340 

6,160 

1,280 

1,100 

850 

850 

100 

150 


I 


6,160 


40 
80  . 
60  . 
40 
40 

I 

438 
288 
125  I 
80  I 

100 ; 

60  • 
60 


69 
263 
148 

68 
254 
1,583 
6a5 
510 
184  , 
208  ' 

83  I 
106  I 


4, 243 

14,606 

9,100 

4,046 

15,618 

94,195 

37,190 

31, 369 

10,949 

12,789 

4,939 

6,518 


40 


340  ,      245,552 


0.002 
.008 
.004 
.002 
.008 
.047 
.018 
.015 
.005 
.006 
.002 
.003 

.010 


0.00-J 

.00^ 
-00-2 
.(¥iy 
.  (Vi2 
.0-Jl 
.017 

.a^7 

.Oi« 
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ARKANSAS   RIVER  AT   DODGE,    KANS. 

This  station  was  established  November  28,  190*2,  by  W.  G.  Russell, 
and  is  located  one-fourth  mile  south  of  Dodge,  on  the  highway  l>ridge. 
The  gage  is  a  plain  statt  graduated  to  feet  and  tenths,  and  nailed  to 
the  upstream  pile  of  the  twelfth  bent  at  the  north  end  of  the  ])ridge. 
The  initial  point  for  sounding  is  on  the  left  bank.  The  channel 
t>oth  above  and  below  the  station  is  straight  for  about  100  feet;  ])oth 
iMink.s  are  low  and  liable  to  overflow;  the  bed  of  the  stream  is  sand}- 
and  shifting.  The  observer  is  Alexander  Alter,  who  reads  the  gage 
once  each  dav. 

The  following  discharge  measurement  was  made  in  1902: 

Noveinl^er  2S:  (lage  height,  l.o5  feet;  dificharge,  45  seeoncl-feet. 
Tkiihf  gage  height y  in  feet,  of  Arkarifta^  Rirer  at  T^tdge^  Kans. 


1 
2 

4 
5 
G 
7 
8 


pay. 

Xov. 

IH'C. 

iinrj. 

'  1.4o 

- -------^- 

1.55 

2.00 

1.  :v> 

1.:") 

1.2.') 

I.TjO 

l.Ga 

Dav 


9 
1U 
11 
12 
VA 
14 
15 

ir. 


1. 55 
1.35 
1.C5 
1.25 
1.45 
l.fw") 
1.00 

i.o;) 


Nf>Y. '  Deo. 


17 ' 1.25    I  25 


18 
19 
20 
21 
22 
23 
24 


1.25 
1.25 
1.15 
1.45 
1.55 


1. 45 
1.55 


2(i 
27 

2S 
2.) 

:)0 

31 


1. 55 
1.10 
1.45 


1.55 
1.G5 
l.('« 
1.45 
l.fi5 
1.C6 
1.55 


ARKANSAS    RIVEIi   AT    SYRACUSK,  KANS. 

This  station,  established  August  21,  1902,  by  \V.  G.  Russell,  is 
located  on  the  highway  bridge  1  mile  south  of  Syracuse,  Kans.  The 
gag'e  is  a  plain  staff  graduated  to  feet  and  tenths,  fastened  to  the  east 
pile  of  the  bent  283  feet  south  of  the  north  end  of  the  bridge.  The 
initial  point  for  sounding  is  on  the  left  bank.  The  channel  above  and 
}>elow  the  station  is  straight  and  the  water  is  sluggish.  The  right 
hank  is  low  and  lial)le  to  overflow;  the  left  bank  is  high,  and  the  bed 
of  the  stream  is  sandy  and  shifting.  The  bench  mark  is  on  the  top  of 
the  east  end  of  the  first  sill  at  the  north  end  of  the  bridge.  Its  eleva- 
tion is  18.45  feet  above  the  zero  of  the  gage.  The  gage  is  read  daily 
hy  Clyde  S.  Welborn. 

The  following  discharge  measurements  were  made  during  1902: 

August  21:  Gage  height,  2.05  feet;  dis<!harge,  99  second-feet. 
August  30:  Gage  height,  3.00  feet;  diw^harge,  909  eerond-feet. 
Novenil)er  9:  Gage  height,  1.80  feet;  discharge,  42  second-feet. 
November  26:  Gage  height,  l.(>0  feet;  (iischarge,  19  pecond-feet. 
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Daily  gage  height^  in  feet ,  of  ArkanMOM  River  at  Syractutej  Kcms. 


Day. 

Aug. 

1 

1902. 

• 

2 ' 

3 

4 

5 ' 

6 

7 1 

8 

i ' 

10 

1 

11 

**• 

12 ; 

13 1 

15 

17 

18 ' 

19 

20 

21 

2.05 

22 

2.05 

28 

2,00 

24 

2  00 

25 

1.90 

26 

2.06 

27 

3.06 

28 

S.86 

29 

3.46 

SO 

3.00 

31 

2.85 

Sept. 


2.70 
2,70 
2.A5 
2.55 
2.50 
2.50 
2.45 
2.45 
2.40 
2.35 
2.30 
2.25 
2.15 
2.05 
1.95 
1.95 
1.95 
1.90 
1.90 
1.90 
1.90 
l.«5 
1.86 
1.85 
l.HO 
1.80 
1.80 
1.75 
1.75 
1.75 


Oet.    ,    Nov. 


1.75 
1.75 
1.80 
2,00 
2.0) 
1.95 
1.95 
1.90 
1.90 
1.85 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.% 
1.80 
1.80 
1.80 
l.SO 
1.75 
1.75 
1.75 


1.75 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 


1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

l.«0. 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 


l.GO 
1.80 
1.70 
1.80 
l.HO 


Ik-c. 


1.70 
1.70 

l.NO 

I. TO 
1-T» 

\.m 
i.« 

1.90 

i.H» 

l.SO 

i.no 

1.H) 
1.^0 
l.HJ 
1.* 

l.SO 

\,Hi 
1-fO 
1.90 
2.00 
2.0U 
2.0U 
2.00 
2.00 
1.90 
2.00 
2.10 
2.00 
2.00 


rt  No  obaerver. 


Hating  table  for  Arkawias  River  at  Syraciutey  Kans,,for  190^. 


!     Gage 
1    height. 

Diwharge. 

Gage 
,    heiglit. 

1 

1  Discharge. 

1 

1 
Second-fert. 

Gage 
height. 

DlRoharge. 

1 

Gage 
,    height. 

DifioharKe. 

1 

AVr/. 

SfCfrnd-fed. 

Fffi. 

Feci. 

I 

1  Seeond-feet. 

Fcfi. 

Srrtfnd'/rri. 

i.r, 

20 

1      2.2 

190 

2.8 

680 

3.4 

1,  315 

1           T     ^ 

30 

1 

.  2.  3 

250 

2.9 

780 

1 

3.5 

1,430 

1.8 

40 

2.4 

330 

3.0 

880 

1 

3.6 

1,545 

1.9 

1 

60 

2.5 

410 

3.1 

980 

3.  7 

1,660 

1       2.0 

80 

2.6 

1 

500 

3.2 

1,090 

3.8 

1,775     1 

2.1 

130 

2.7 

1 

590 

3.3 

1,200 

3.9 

1,890 
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Estimaled  monthly  discharge  of  Arkanms  River  at  Sijracwie,  Kaits, 

[Drainage  area,  24,960  square  miles.] 


Mouth. 


1902. 
Augufll  21  to  31 
September 
October  .. 
November 
December 


Discharge  in  second-feet. 


Maximum 


Total  in 
acre-feet. 


«571 

« 12, 459 

197 

11,722 

43 

2,644 

ft;w 

^^2,023 

54 

3, 320 

Run-off. 


Second-feet 

per 
Hquare  mile. 


«  0. 023 

.008 

.002 

^.001 

.002 


Depth  in 
inches. 


<«  0.009 

.009 

.002 

<^.002 

.003 


all  days. 


«>20  days. 


<?  30  days. 


ABKANSA8   RIVEU   AT   BARTON,  COIX). 

This  station  was  established  May  2,  1901,  at  themilroad  bridge  one- 
half  mile  east  of  Barton  or  Byron,  which  is  the  name  of  the  r^ih'oad 
station  on  the  Atchison,  Topeka  and  Santa  Fe  Railway.  Throughout 
this  region  the  bed  of  the  stream  is  broad  and  sandy,  and  the  channel 
is  shifting.  This  point  was  selected  as  the  most  available  place  for 
determining,  approximately,  the  discharge  of  the  Arkansas  at  a  point 
near  the  Colorado-Kansas  line.  The  rod  consists  of  a  vertical  2  by  4 
inch  piece  of  timber  7  feet  long,  nailed  to  a  pile  on  the  downstream 
side  of  the  railroad  l)ridge  at  the  lowest  point  in  the  channel.  No 
l>ench  mark  was  established,  but  the  rod  was  spiked  at  the  foot  marks 
to  the  pile.  The  channel  is  extremely  shifting,  and  there  may  be  at 
times  many  different  channels.  The  initial  point  for  soundings  is  the 
right  bank.     The  observer  was  Harry  Hunt,  postmaster  at  Barton. 

The  observations  at  this  station  were  discontinued  in  May,  11H)2, 
for  the  reason  that  the  channel  had  changed  and  the  conditions  were 
unfavorable  for  securing  reliable  data. 
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Daily  gage  Iieightj  infeet^  of  Arkaimts  River  at  Barton,  Colo. 


[NO.  M. 


1 

Day.  i 

Jan. 

Fob.  i 

1 

1 

Mar. 

Apr.  1 

1 

May.  ♦ 

1 
Day.  1 

1 
1902.   1 

Jan. 

Feb.  1 

Mar.  1 

Apr, 

1 

,  May. 

1902. 

1 

1 
1 

• 

1 1 

1.15 

1.30 

0.90 

0.80  1 

0.10 

17 , 

1.30 

1.50  ' 

0.-20 

0.20 

2 1 

1.20 

1.30 

.80 

.30 

.15 

IK 

1.20 

1.50 

.30 

.:» 

3 

1.20 

1.40 

.HO 

.20) 

.15  ' 

19 

1.20 

1.40  1 

.35  1 

.25 

4 1 

1.80 

1.50 

.70 

.10 

20 ' 

1.15 

1.40  1 

.35 

.25 

5 ' 

1.30 

1.50' 

I 

.70 

.10 

21 

1.15 

1.40  1 

.35, 

.20 

6 1 

1.30 

1 

.50 

.05 

1 

22 

1.10 

1.30 

.35 

.20 

......  . 

7 ! 

1.40 

1.50  1 

.40 

.a5  . 

"'""'"*"[ 

•23 

1.10 

1.30  . 

.45' 

.20 

H 1 

1.40 

1..M)' 

.40 

.05 

24 ' 

1.10 

1.20  ' 

.50  1 

.10 

........ 

9 ' 

1.50 

1.50, 

.40 

.05 

25 ' 

1.10 

1.00  ' 

.40  1 

.10 

10 

1.50 

1.60  1 

.40 

.05 

'26 

1.00 

1.00  1 

.30, 

.05 

-  - . .  - 

11 

1.50 

1.70  1 

.30 

.05 

27 

1.00 

1.00  1 

.•25 

.a5 

.....  . 

12 

1.60 

1.70  1 

.30 

.20 

28 

1.00 

.90  1 

.30 

.(ft 

13 

1.50 

1.70  1 

.30 

.30 

•29 

1.10 

.30  1 

.ft> 

14 

1.40 

1.70  ' 

.20 

.35 

30 ' 

1.10 

.35 

.10 

15 

1.40 

1.60  1 

.20 

.35 

31 1 

1.-20 



.30 

16 

1.30 

1.60  ' 

1 

.20 

.30 

; 

' 

t 

1 

r 

1 

ARKANSAS    RIVER  NEAR   ROCKYFORD,  COLO. 

The  old  station  was  located  2  miles  northeast  of  Kockyford.  Colo., 
and  was  established  May  8,  181)7.  The  gage  consisted  of  a  vertical  1 
by  3  inch  timber  notched  in  tenths  and  securely  nailed  to  the  pile  pro- 
tection to  the  abutment  of  the  wagon  bridge  at  the  left  side  of  the 
stream,  upper  side  of  the  bridge.  The  initial  point  for  soundings  was 
on  the  left  bank  at  the  water's  edge.  Both  banks  are  high  and  liable 
to  oveiHow  only  at  very  high  water.  The  channel  is  straight  for  about 
300  feet  above  and  below  the  station.  The  bed  is  sandy  and  shifting. 
This  station  was  abandoned  April  7,  1900. 

A  new  station  was  established  In-  R.  \V.  Hawle}'  on  April  li^  19ol, 
at  a  point  3i^  miles  northwest  from  Rockyford  station  on  the  Atchison, 
Topeka  and  Santa  Fe  Railway.  A  steel  cable  was  stretched  across  the 
river  and  supplied  with  a  ciir,  and  an  inclined  timber  gage  rod  wjis 
bolted  into  the  shale  on  the  north  side  of  the  river  and  marked.  The 
bench  mark  consists  of  a  cut  in  a  tree  at  the  initial  point  level  with  a 
l()-fo()t  mark  on  the  rod.  The  records  weie  kept  through  the  courtesy 
of  the  American  Beet  Sugar  Company,  Fred  Chappell,  agriculturist, 
taking  the  reading.  The  channel  is  fairly  favorable  for  good  results, 
being  at  what  is  known  as  the  old  ford.  The  l)ottom  is  of  shale  and 
usually  free  f  10m  sand,  although  filled  in  to  a  certain  extent  at  some 
stages.  (lagings  may  be  made  either  by  means  of  the  cable  and  car  or 
b}'  wading.  The  point  is  of  especial  impoi*tiince,  owing  to  the  fact 
that  it  is  one  of  the  few  places  on  the  Arkansas  River  where  the  chan- 
nel is  at  all  permanent. 
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Lkiily  giige  height^  in/eel^  of  Arkan»(U!  River  near  Hockyfard^  Colo. 


Das 

1 

Jan. 

1 

Feb. 

Mar. 

Day. 
1902. 

Jan. 

Feb. 

Mar. 

190"^ 

1 

1 

1.80 

1.70 

2.00 
2.20 

2.00 
2.20 

17 

1.50 
1.50 

2.00 
2.00 

2.50 

2 

18 

2.00 

3 

1.80 

2.50 

2.00 

19 

1.50 

2.00  , 

2.00 

1 

1.80 

2.50 

1.80 

20 

1.60 

2.00  ' 

1.80 

5 

1.80 

2.60 

2.20 

21 • 

1.50 

2.00 

2.20 

6 

1.90 

2.40 

2.00 

22 

•  1.60 

2.00 

2.20 

7  ............ 

1.90 

2.30 
2.20 

2.00 
1.80 

•23 

24 

1.60 
1.50 

1.90 
1.80 

1.80 

8 

1.90 

2.20 

9 

1.80 

2.40 

2.00 

25 

1.50 

2.20 

2.00 

10 

/ 1.70 

2.60 

1.80 

26 

l.GO 

2.00 

1.80 

11 

1.70 

2.60 

2.20 

27 

1.60 

2.20 

2.20 

12 

1.50 

2.50 

2.30 

28 

l.(K) 

2.00 

1.80 

13 

1.60 

2,70 

2.20 

•29 

1.60 

1.80 

14 

1.50 

2.40 

2.00 

30 

1.90 

2.20 

15 

1.50 

2.50 

2.20 

31 

1.90 



2.00 

16 

'      1.50 

t 

2.00 

2.50 

1 

Rating  table  for  ArkaruKU  Rirer  near  Rockyford^  Colo,,  for  1902. 


1      is  age 

hHght. 

1 

1  Di^K'harge. 

1  ' 
Srcimd-feet.  \ 

Gage 
height. 

Discharge. 
t^cimd-fect. 

Gage 
height. 

Feel 

Discharge. 
St'conU-ftet. 

Gage 
height. 

Feet. 

Discharge. 
Srroml-frrt. 

Frri. 

FiP€t. 

-0,  2 

25 

1.2 

181 

1 

2.6 

1,665 

4.0 

4,420 

.0 

32 

1.4 

238 

2.8 

2,035 

4.2 

4,820 

.2 

43 

1.6 

343 

3.0 

2,424     , 

4.4 

5,220 

.4 

'            56 

1.8 

510     ' 

3.2 

2,820 

4.6 

5, 620 

i          ■« 

/•5 

2.0 

7a5 

3.4 

3,220 

4.8 

6,020 

.H 

101 

2.2 

1,009     1 

3.6 

3,620 

1.0 

137 

2.4 

1,321 

3.8 

4,020     1 

fCnthiuUed  monlhlij  discfuirffe  of  ArkaTUtfia  River  rieor  Rocknford^  Colo. 

[Drainage  area,  11,440  square  mileM.] 


Month. 


Discharge  in  second-feet. 


Maximum.     Minimum. 


1902. 

January  

February 

March 


616 
1,848 
1,489 


282 
510 
510 


Mean. 


402 
1,081 

828 


Run-off. 


Total  in  acre- 
feet.  Second-feet 
per  Miuare 
mile. 


Depth  fn 
inches. 


24, 718 
60,036 
50,  896 


0.  035 
.094 
.072 


0.04 
.10 
.08 


128  STREAM   MEASUREMENTS    IN    1902,   PART    III.  l^^»  '^ 

ARKANSAS    RIVER    NEAR    NEPESTA,  COIAX 

The  original  sUition,  established  Si^ptember  8,  181^7,  is  locat<*d  Ijxm 
feet  north  of  Nepesta,  (^olo.,  at  a  wagon  bridge,  2()0  feet  bolow  the 
Atchison,  Topeka  and  Santa  Fe  Railroad.  The  gage  eoiisiste  of  a 
vertical  timber  graduated  to  feet  and  tenths,  securely  fastened  to  the 
upstream  cylinder  of  the  bridge-,  on  the  left  side  of  the  river.  The  chan- 
nel above  and  }>elow  the  station  is  sti*aight  for  several  hundred  feet, 
while  the  bed  is  sandy  and  shifting,  and  the  results,  therefore,  are  not 
altogether  satisfactory  for  the  pui^pose  of  making  a  rating  table.  This 
station  was  maintained  by  the  Great  Plains  Water  Company  until 
December,  1900.  Mav  !•  li)01,  another  station  was  established  bv 
A.  L.  Fellows,  assisted  hy  C.  W.  Beach,  at  the  dam  and  head  gate  of 
the  Oxford  Farmers'  Canal,  1^  mile>i  west  of  Nepesta.  The  station 
consists  of  the  dam  crossing  the  river  at  the  head  gate  forming  a  weir, 
and  a  gage  rod.  consisting  of  a  2  by  6  inch  timber,  8  feet  long,  fastenetl 
to  an  oak  pile  at  the  south  end  of  the  dam;  the  location  being  marked 
by  spikes  driven  into  the  pile  at  each  foot  mark.  The  rod  is  graduated 
to  feet  and  tenths  vertically.  At  low  stages  the  stream  may  l>e  meas- 
ured by  wading,  but  at  high  stages  it  is  necessary  to  use  the  wagon 
bridge  at  Xepesta,  making  the  necessary  allowances  for  inflow  between 
the  two  points;  this  can  readily  be  done,  as  the  distance  is  only  about 
a  mile.  The  observer  is  Z.  Swallow,  head  gate  keeper  of  the  Oxford 
Fanners'  Canal.  The  stjition  will  prove  of  particular  value,  hs  it  i> 
near  the  head  of  irrigation  district  No.  17,  one  of  the  most  important 
on  the  Arkansas  River. 

The  table  of  the  discharge  of  the  Oxfoixl  Farmers'  Canal  has  been 
furnished  bv  their  secretarv,  F.  M.  Weiland.  Readinsfs  were  taken 
only  on  those  days  when  the  rivei*  gage  read  zero. 

During  VM)2  the  following  discharge  measurements  were  made  br 
C   W.  Beach: 

May  23:  (ra^e  height,  0.50  feet;  discharge,  234  8eoon(l-fe«t. 
June  28:  Gage  height,  0.60  feet;  discharge,  127«  siH-oiul-fe^t. 

Ihtihi  (jfKje  height y  in  fed y  of  Arkaiimtx  River  near  SepeMa^  (\Uo. 


Day.  I    Apr.    i    May.      June.  ,   July.       Aug.    ,   Sept.   ,     Oct.         Nov 


1902. 


I 


1 ()..'>s    0.92  0.72       o.M         o.:t: 

2 '         .(U     91  ' S9  ,         ..t9    

3 61  0.27  .9S  ' "...I rm  .61, 


1 

June.  1 

July. 

Aug. 

0.92 

.91  ' 

. 

.9S  ' 

•     1 

i.o:.  ! 

1 

1.02 

0.20  ' 

1 


L 


4 .iv>  .02         1.0:>  , ' j  .51  I  .61 

5 ..>»  .79         1.02         0.20  ' '  .42'  .59'. 

6 (io  ..SO  .9.S  .20         ■1.7.')  .39  .51 

7 <il  AM  .9K  .59         1.55,  .41'.  .50 

8 52  .75  .9^'i  ,        ..S7  ,        .&2  ]  .39  |  .49 

"  Water  k-ll  0.05  during  gaging. 
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Daily  gage  heigfii,  infeet^  of  Arhmsas  River  near  Nepesta^  Colo, — Continued. 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1S02. 

9 

10 

0.67 
.60 
.59 
.65 
.62 
.61 
.50 
.51 
.49 
.49 
.42 
.48 
.22 
.27 
.36 
.36 

0.87 

.80 

.85 

1.20 

1.17 

1.16 

1.22 

1.16 

1.21 

1.19 

1.12 

1.02 

.78 

.65 

.64 

.72 

.76 

.73 

2.65 

2.65 

1.72 

1.22 

1.05 

0.93 
.86 
.86 
.87 
.83 
.87 
.86 
.87 
.79 
.76 
.69 
.68 
.&! 
.59 
.61 
.53 
.56 
.51 
.51 
1.26 
1.73 
.25 

0.44 

.72 

1.42 

1.60 

.44 

.41 

.39 

.19 

.60 

1.90 

1.80 

.50 

.20 

0.53 
.42 

0.60 
.51 
.49 
.61 
.50 
.61 
.50 
.50 
.49 
ft2 

11 

12 

.62 
.50 
.61 
.49 
.50 
.51 
.39 
.19 

0.39 

13 

14 

15 ... 

16 

17 

18 

19 

51  ' 

20 

.60 
.50 
.52 
.52 
.51 
.50 
.52 
.50 
.60 
.50 
.50 
.52 

21 

22 

.52 
.69 
.61 
.56 
.50 
.49 
.48 
.49 
.59 
.59 

2;^ 

.55 
.51 
.25 

.20 

.44 

.51 

1.10 

1.40 

1.12 

.75 

.59 

2.00 

24 

'ZTj 

26 

27 

28 

.17 
.17 
.17 

29 

30 

31 

Discharge  of  Oxford  Farmers*  Caiwl. 


Date. 


River 
gage. 


July  1  . . . 
July  2  . . . 
July  3  . . 
July  4  . . 
July  22  . 
July  23  . 
July  24  . 
July  25. 
July  26  . 
July  30  . 
Julv  31  . 

me 

Au^^ust  1 
August  2 
August  3 
August  4 
August  5 


0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 


Second-feet 

in  Oxford 

Farmers' 

Canal. 


75 

53 

14 

14 

14 

14 

14 

8 

6 

14 

14 

6 

6 

6 

14 

14 


Date. 


River 
gage. 


August  11 0.00 

August  20 0.00 

August  21 0.00 

August  22 0.00 

September  9 [      0. 00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 


Second-feet 

in  Oxford 

Farmers' 

Canal. 


September  10. 
September  11. 
September  12. 
September  13. 
September  15. 
September  16. 
September  17. 
September  18. 
September  19, 
September  20. 


80 
14 
14 
14 
30 
14 
14 
18 
20 
14 
14 
14 
14 
14 
14 


April  26,  26,  and  27  gage  rod  read  zero,  but  no  flow  in  canal  recorded. 
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Rating  table  for  Arkansas  River  near  Nepestay  Coh.j  for  1902. 


Oage 
height. 

Discharge. 

Gage 
height. 

F€€i. 

Seamd-Jeet. 

Feet 

0.2 

21 

1.6 

.4 

61 

1.8 

.6 

200 

2.0 

.8 

465 

2.2 

1.0 

815 

2.4 

1.2 

1,217 

2.6 

1.4 

1,635 

2,8 

Discharge 


Discharge. 

Gage 
,    height. 

Second-Jeei. 

'      Feet 

5,202 

4.4 

5,658 

4.6 

6,114 

4.8 

6,570 

5.0 

7,026 

7,482 

7,940 

Discbaig^. 

SeeomdrJcH. 
8,400 
8,860 
9,324 
9,788 


Eitimaied  mo^Ukly  discharge  of  Arkansas  River  near  NepesUi,  Colo.<^ 

[Drainage  area  9,130  square  miles.] 


Month. 


1902. 


April 

May 

June 

July 

August 

September. 
October  ... 


Discharge  in  second-feet. 

Maximum. 

Minimum. 

Mean. 

244 

0 

119 

4,409 

0 

936 

2,352 

28 

566 

2,727 

0 

312 

9,208 

0 

643 

348 

0 

87 

211 

108 

129 

Total  in  acre 
feet. 


7,081 
57,552 
33,679 
19,184 
39, 537 
5,177 
7,932 


Ran-off. 


Second- feci 

per  square 

mile. 


0.013 
.103 
.062 
.034 
.070 
.010 
.013 


I>epth  in 
inch<-?5. 


0.  015 
.Hi* 
.0K<* 

.Osl 
.011 
.015 


a  These  figures  do  not  include  the  flow  of  Oxford  Farmers'  Canal. 
ARKANSAS   RIVER  AT  PUEBLO,  COLO. 

This  station  was  established  in  September,  1894,  by  A.  P.  Davis. 
Originally  there  were  two  gage  rods.  The  main  gage  was  located  at 
the  Santa  Fe  Avenue  Bridge  and  consisted  of  a  vertical  6  by  6  inch 
timber,  and  a  1  by  6  inch  scale  bolted  to  the  abutment  of  the  Denver 
and  Rio  Grande  Railroad  bridge  on  the  left-hand  side  of  the  river. 
graduated  to  tenths  of  a  foot.  There  was  also  a  short  vertical  rod  for 
extreme  low  water  spiked  to  a  pile  about  20  feet  out  in  the  stream. 
reading  the  same  as  the  main  gage.  The  12-foot  mark  of  this  gage 
was  opposite  the  top  of  the  large  capstone.  The  rod  at  Victoria 
Avenue  Bridge  consisted  of  inclined  4  by  4  inch  timbers  fastened  to 
posts  set  in  the  right  bank  of  the  stream,  graduated  to  vertical  tenths 
of  a  foot,  the  space  between  the  marks  being  0.242  of  a  foot.  Thi.< 
rod  was  placed  in  June,  1895,  for  the  purpose  of  noting  the  change  in 
the  slope  of  the  water  surface.  The  rods  were  read  until  July  10, 
1898,  when  on  account  of  the  shifting  of  the  bed  of  the  river  thev 
were  abandoned  and  a  new  gage  was  installed  on  the  east  side  of  the 
Main  Street  Bridge.  From  this  bridge  all  the  discharge  measurement^ 
were  made  until  the  season  of  1902. 
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The  channel  at  this  point  is  excellent,  and  it  would  be  of  very  great 
value  to  the  entire  division  to  have  a  permanent  station  of  concrete 
established  here.  The  channel,  which  is  of  bowlders  and  gravel,  is 
confined  by  high  mavsonry  walls,  so  that  there  is  little  change,  except 
that  it  fills  during  low  water  and  scours  out  during  high  water. 
The  flow  of  the  stream  is  rapid,  but  not  too  swift  for  accurate  meas- 
urements. This  station  is  an  important  one,  being  located  near  the 
head  of  the  principal  irrigation  portion  of  the  valley,  only  one  ditch  of 
importance  being  taken  out  above  it  in  the  Pueblo  district,  although 
considerable  water  is  used  in  the  ditches  in  the  neighborhood  of  Can- 
yon, which  is  in  another  water  district.  It  is  upon  the  gagings  made 
at  this  point  that  the  water  superintendents  and  commissioners  depend 
for  distribution  of  water  to  dit^Jhes  below. 

Readings  were  made  at  Main  street  bridge  until  March  8, 190(),  when 
owing  to  the  scouring  of  the  channel  it  beaime  necessary  to  replace 
the  gage  by  one  about  60  feet  below  the  south  end  of  the  Union 
avH^nue  bridge.  This  gage  was  a  2  by  6  inch  vertical  timber,  bolted 
like  the  former  rod  to  the  masonry  wall  and  graduated  to  feet  and 
tenths.  On  June  18,  1900,  this  rod  was  connected  with  a  l^ench  mark 
on  the  coping  at  the  northwest  corner  of  the  Union  avenue  bridge, 
which  was  found  to  ]>e  19.79  feet  above  the  zero  of  the  rod.  In 
Alareh,  1902,  another  rod  exactly  similar  to  the  one  last  mentioned  was 
}K>lted  in  a  vertical  position  to  the  masonry  wall  on  the  right-hand 
side  of  the  riv^er  a})out  30  feet  above  the  south  end  of  the  Union 
avenue  bridge.  All  gage  heights  up  to  July  14,  1902,  were  taken 
from  the  rod  just  below  the  Union  avenue  bridge.  After  July  14, 
lli<.>2,  the  readings  were  taken  from  the  rod  above  the  bridge,  the 
g^rad nations  on  the  former  rod  being  too  dim  to  be  read  at  low  water. 
A  diflTerence  of  0.2  of  a  foot  existed  between  the  two  rods  when  the 
new"  one  was  set,  the  new  rod  reading  0.2  of  a  foot  higher  than  the  old 
one.  In  all  the  discharge  measurements  made  during  1902  the  gage 
height  was  taken  from  the  new  rod  above  the  Union  avenue  bridge. 
The  observer  during  1902  was  T.  J.  Burrows,  water  commissioner  of 
the  Pueblo  water  district. 

Di'^harge  nieaturemenin  of  Arkansas  Hirer  at  Puehloy  Coh. 


Date. 


Hydrojfmpher.  he?Kht.    i   I>l«^harge. 


•%Qfvn  Fett.         Sccond-fcit. 

April  25 * J.KField 1.80  ,  220 

May  18 C.  W.Beac-h 3.30  1,323 

July  7 do 1.80  j  193 

July  1.5 J.E.Fiel(i 1.60]  130 

Aii^iJ*t24 M.  C.  Hinderlider 2.20  |  .'^58 

J4t»j>toml>er  1 C.  AV.  Beach 2. 17 

September  21 do 2. 05 


:mi 

212 
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Daily  gage  height ^  in  feet ^  of  Arkansas  River  at  Pnebh,  Colo. 


Day. 


1902. 


2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Jan. 


2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 

2. 
2. 

2. 

2. 
o_ 

2. 
2. 
•2. 
o 


2. 
2. 

2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
•) 


20 
20  ' 
20  ' 
30  I 
30  I 
20, 
25 

10  ' 

10 

10 

15 

10 

10 

10 

10 

10 

30 

:30 

20 
10 

ft') 

00 
10 
10 
15 
15 
20 
20 
20 
20 


Feb. 


4.20 
3.70 
3.70 
3.60 
3.50 
3.50 
3.50 
3.70 
3.70 
3.50 
3.70 
3.80 
3.70 
3.40 
3.25 
2. 20 
2.70 
2. 20 
2.15 
2.10 
2.10 
2.10 
1.95 
1.80 
1.70 
2.10 
2.10 
2.10 


Mar. 


2.10 

2.10 

2.00 

2.00 

1.90 

2.00 

2.10 

2.00 

2.00 

2.ft5  i 

2.00  I 

2.00  I 

2.00 

2.00 

2.00 

2.00 

2.00 

1.90 

1.95 

2.00 

2.00 

2.00 

2.00 

2.00  ' 

2.00 

1.90  i 

1.90 

1.90 

1.90  I 

1.90  ! 

1.80  i 


Apr. 


1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.95 
1.90 
1.80 
1.80 
1.80 
2.00 
2.00 
1.90 
1.80 
1.90 
2.10 
2.00 
2.00 
2.00 


May. 


2.00 
2.00 
2.10 
2.30 
2.60 
2.60 
2.87 
2. 95 
2.65 
3.00 
3.40 
3.40 
3.40 
3.40 
3.40 
3.40 
3.40 
3.40 
3.30 
3.05 
2. 85 
2.60 
2.40 
2.30 
2.20 
2. 40 
2.75 
3.20 
2.75 
2.70 
2.70 


June. 


2.65 
2.60 
2.62 
2.80 
2.70 
2.70 
2.70 
2.70 
2.70 
2.55 
2.50 
2.70 
2.67 
2.65 
2.  Go 
2.60 
2.65 
2.50 
2.35 
2.30 
2.40 
2.30 
2.20 
2.20 
2.10 
2.00 
1.90 
2.20 
2.35 
2.00 


July.  1  Aug.  Sept.    Oct.     Nov. .  Im=v 


1.90 
2.  "20 
2.05 
2.05 
2.05 
1.80 
1.70 
1.70 
1.70 
3.35 
2.05 
1.70 
1.70 
2.00 
1.60 
1.60 
2.02 
2.30 
2.30 
2.20 
2.30 
2.10 
2.10 
2.00 
hSh 
1.80 
1.70 
2.20 
1.60 
1.60 
1.80 


1.90 
1.40 
1.75 
1.80 
8.10 
3.00 
2.70 
2.30 
2.30 
2.30 
2.00 
2.00 
2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.80 
1.80 
2.:}5 
2.25 
2.80 
2.10 
2.30 
3.45 
2.10 
1.90 
2.00 
2.25 


t 


2.20 
1.90 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.90 
1.90 
1.90 
2.00 
1.90 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.26 
2. 15 
2.10 
2.10 
2.10 
2.10 
1.90 
1.90 
2.00 
2.00 


'  2,00 

'  2.00 
2.10 

I  2.10 
2.10 
2.10 
2.00 

I  2.00 
2.00 
2.0O 
2.00 
2.00 
2.00 
2.00 
2.10 
2-10 
2.20 
2.20 
2.20 
2.20 
2.20 
'2.20 
2.20 
2.20 
2.20 
2.20 
2-10 
2.10 
2.10 
2.10 
2.10 


2.10 

'  2,10 
2-10 
2.10 
2,10 
2.10 
2,10 
2.10 

!  2.10 
2.10 
2.10 

i  2.00 
2.90 

I  2.00 
2.00 
2.  00 
2.00 
2.00 

2.a> 

2.00 
2.20 
2,20 
2.10 
2.10 
2.20 
2.15 
2.10 
2.10 
2.10 
2.10 


2-0-T 

2. !»' 
2- IP 
2.-1' 
2.1<' 
2.  I& 
±J} 
•2.  JB 
2.10 
2,10 
2-I>< 

ii5 
ill) 
i.  10 
■J.  IP 
ii 
2.  * 


±h 


•i-ii' 

2  -J- 

2.  J!? 

2.JLI 

2.35 

2.J:' 

I    2  Ai 
'L'X 

.     2.  U. 


Rating  table  for  Arkansas  River  at  PuehlOy  Oolo.y  for  190^. 


Gage 
height. 

Discharge. 

Gage 
height 

! 

Discharge. 

1 

Gage 
height. 

Discharge. 

r 

Gage 
'    height. 

Diischnrgv. 

Feci. 

Second-feet. 

FecL 

Second-feet. 

Feet. 

Second-feet. 

Feet, 

1 

Second-f^ti. 

1.0 

20 

3.0 

985 

5.0 

3,523 

7,0 

6,5:iS 

1        1.2 

43 

3.2 

1,205     ' 

.5.2 

3,811 

7.2 

6,a>5 

1.4 

1 

80 

3.4 

1,443     ' 

5.4 

4,103 

7.4 

1 

4,176 

1.6 

129 

3.6 

1,687 

5.6' 

4,398 

7.6 

1 

7,501 

1.8 

190 

3.8 

1,931 

5.8 

4,696 

7.8 

7,829 

2.0 

265 

4.0 

2,175     1 

6.0 

4,996 

8.0 

1 

8,157 

2.2 

860 

4.2 

2,425    1 

6.2 

5,300 

8.2 

8,485 

2.4 

481 

4.4 

2,685     ' 

6.4 

5,605 

8.4 

8,813    ' 

2.6 

625 

4.6 

2,957     ' 

6.6 

5,913 

1 

2.8 

791 

4.8 

1 
3,238     1 

6.8 

6,224 

1 

1 

NEWELL.] 
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Egtimated  monthly  discharge  of  Arkatigas  River  at  Pueblo^  Colo. 

[Drainage  area,  4,600  square  miles.] 


Month. 


1902. 

January  

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maximum. 


Minimum. 


417 

2, 425 

310 

310 

1,443 

791  ' 
1,382 
8, 321 
:^60 
360 
417 
360 


265 
158 
190 
190 
265 
225 
60 
60 
225 
265 
265 
287 


Mean. 


8,321 


60 


343 
1,070 
258 
234 
876 
543 
277 
613 
271 
311 
307 
333 


Total  in  acre- 
feet. 


453 


21,090 
59, 425 
15,863 
13, 924 
53, 863 
32,311 
17, 032 
37, 692 
16, 126 
19, 123 
18,268 
20,475 


Run-off. 


Second-feet 

per  muare 

miio. 


325, 192 


0. 075 
.231 
.a56 
.051 
.190 
.116 
.060 
.  133 
.059 
.068 
.067 
.072 

.098 


Depth  in 
Inches. 


0.086 
.241 
.065 
.057 
.219 
.129 
.069 
.153 
.066 
.078 
.075 
.083 


1.  321 


ABKANSAS  RIVER   NEAR  CANYON,  COLO. 

This  station  is  located  at  the  Hot  Springs  Hotel,  li  miles  west  of 
Canyon  and  a  short  distance  below  the  mouth  of  Gi'ape  Creek. 
Observations  at  this  point  were  begun  on  April  17, 1889,  the  station 
Inking  established  here  by  Robert  Robertson.  The  record  has  been 
maintained  since  that  time,  with  occasional  breaks  due  to  absence  or 
change  of  observer.  The  station  is  of  special  importance,  being 
located  at  the  mouth  of  the  canyon  and  at  a  point  practically  above  all 
of  the  irrigation  ditches,  except  the  Canyon  Cit}  ditch  (sometimes 
called  the  North  Side  ditch)  and  the  South  Can3'on  ditch  (sometimes 
called  the  South  Side  ditch),  both  of  which  head  above  the  station. 
During  the  irrigation  season  each  of  these  ditches  carries  from  25  to 
60  cubic  feet  of  water  per  second,  according  to  the  needs  of  the  irri- 
gators, and  their  discharge  should  be  added  to  the  discharge  at  the 
station  in  order  to  obtain  the  total  run-oflf  at  the  mouth  of  the  canyon. 
This  site  was  used  in  1888  for  a  gaging  station  by  the  State  engineer 
of  Colorado,  and  is  highly  favomble  for  obtaining  accurate  measure- 
ment. The  channel  of  the  river  is  straight  for  several  hundred  yards, 
lK>th  above  and  below,  and  the  current,  though  swift,  is  not  too  great 
at  high  water  nor  too  sluggish  at  low  stages  for  satisfactory  results. 
The  Imnks  on  both  sides  are  high  and  are  not  overflowed.     The  cross 
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section  is  regular  and  has  not  been  subject  to  notable  changes,  except 
on  the  right  bank,  near  the  gage,  where  a  sand  bar  has  formed  at  t\me^ 
of  low  water. 

The  gage  rod  established  by  Mr.  Robertson  was  of  2  by  6  inch  timber, 
inclined,  and  attached  to  the  crib  of  an  old  bridge  on  the  south  or  right- 
hand  side  of  the  river,  almost  directly  in  front  of  the  hotel.  There 
were  two  bench  marks:  No.  1,  on  the  top  of  a  log  of  the  crib;  eleva- 
tion, 10.01  feet  above  the  datum;  No.  2,  in  the  cleft  of  a  red  bowlder 
at  the  foot  of  a  charred  stump  50  feet  downstream  and  on  the  same 
side  of  the  river;  elevation,  9.60  feet.  On  April  13,  1891,  the  station 
was  inspected  bj'^  Frank  Tweedy,  and  a  third  bench  mark  was  estab- 
lished, this  being  a  bedded  rock  40  feet  from  the  north  end  of  the 
cable,  toward  Hot  Springs  Hotel  and  10  feet  from  the  river  bank.  It 
is  marked  ^'B.  M.  No.  3,  U.  S.  G.  S.,"  and  is  15.98  feet  above  the 
zero  of  the  gage.     The  present  observer  is  Dr.  J.  L.  Prentiss. 

The  measurements  were  at  first  made  from  a  car  suspended  from  a 
cable  stretched  across  the  river,  the  bridge  from  which  measurements 
were  originally  made  by  the  State  engineer  having  been  de^tnoyed. 
Later  a  new  suspension  bridge  was  constructed  in  front  of  the  hotel, 
necessitating  the  removal  and  replacement  of  the  gage,  and  subsequent 
measurements  were  made  from  this  bridge,  which,  having  a  clear  span. 
offers  no  obstruction  to  the  current.  On  October  4, 1895,  it  was  found 
that  the  top  of  the  gage  had  been  broken  off,  necessitating  its  renewal 
for  readings  during  high  water.  The  channel  was  found  to  l>e  filled 
with  sand  and  gravel  in  front  of  the  gage,  requiring  considerable  work 
in  order  to  make  the  water  flow  to  the  rod.  It  was  decided,  therefore, 
to  put  in  a  new  gage  where  the  stream  could  not  deposit  material.  A 
point  was  chosen  about  100  feet  below  the  bridge,  on  the  left  bank, 
and  a  crib  was  built,  anchored  in  place  by  rocks  and  Iwlts,  the  lower 
end  of  the  gage  being  fastened  to  it.  The  upper  end  of  the  inclined 
portion  was  attached  to  a  juniper  tree.  On  December  27,  1895,  the 
station  was  inspected,  and  it  was  found  that  readings  had  been  made 
from  the  old  rod,  which,  at  the  stage  of  water  prevailing,  recorded 
about  0.40  of  a  foot  a])ove  the  new  rod  on  the  opposite  side  of  the  river. 
When  the  water  is  high  and  extends  with  unliroken  surface  from  Iwink 
to  bank  the  readings  are  the  same,  Imt  at  low  water  the  ob.se rvations 
on  the  old  rod  are  misleading,  owing  to  the  accumulation  of  sand  and 
gravel  in  front  of  it. 

On  August  26,  1902,  owing  to  the  shifting  of  the  channel  a  new  roi 
consisting  of  4  by  4-inch  timber,  was  placed  in  an  inclined  position  on 
the  north  or  left  bank  of  the  river  at  the  site  of  the  previous  rod  just 
below  the  north  end  of  the  suspension  bridge.  The  rod  on  this  date 
read  practically  the  same  as  the  old  rod.  The  bench  mark  is  the  top 
point  of  a  granite  })oulder  embedded  in  the  earth  60  feet  ea^t  of  the 
south  end  of  the  bridge,  and  about  10  feet  from  the  south  bank  of  the 
river.     The  zero  of  the  rod  is  16.055  feet  below  the  bench  mark. 
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The  following  discharge  measurements  were  made  during  1902  by 
J.  E.  Field  and  M.  C.  Hinderlider: 

April  21:  Gage  height,  2.20  feet;  discharge,  323  second-feet. 
July  26:  Gage  height,  1.60  feet;  discharge,  165  second-feet. 
August  26:  Gage  height,  2.00  feet;  dischaxge,  226  second-feet. 

Daily  gage  height,  in  feetj  of  Arkansas  River  near  Canyon,  Colo. 


Day. 


1902. 

1 

2 

3 

4 

6 

6 

/ 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Jan. 


2.80 
2.80 
2.  SO 
2.30 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.30 
2.30 
2.80 
2.30 
2.30 
2.80 
2.30 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 


Feb. 


2.20 

2.30 

2.80 

2.80 

2.30* 

•2,30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 

2.30 


Mar. 

Apr. 

2.30 

2.40 

2.30 

2.40 

2,80 

2.40 

2.80 

2,40 

2.30 

2.60 

2.30 

2,45 

2.30 

2.40 

2.30 

2.80 

2.30 

2.20 

2.30 

2.20 

2.30 

2,10 

2.80 

2.10 

2.80 

2.00 

2.30 

2.00 

2,30 

2.00 

2.30 

2.00 

2.30 

1.95 

2.30 

1,88 

2,30 

1.95 

2.30 

2.10 

2.30 

2.10 

2.30 

2.15 

2.40 

2,10 

2.40 

2,00 

2.40 

2.00 

2.40 

2.00 

2.40 

2.10 

2.40 

2.10 

2.40 

2.20 

2.40 

2.25 

2.40 

May, 


2.85 
2.40 
2.50 
2.00 
2.75 
2.90 
3.00 
3.15 
3.25 
3.50 
3.60 
3.75 
3.70 
3.70 
3.60 
3.75 
3.55 
3.50 
3.40 
3.20 
2.90 
2.70 
2.65 
2.55 
2.50 
2.60 
3.15 
3.a5 
3.00 
3.00 
3.00 


June.' July.  Aug. !  Sept.    Oct. 


3.05 
3.00 
2.95 
2.90 
2.90 
2.90 
2.85 
2.75 
2.90 
2.90 
2.90 
2.90 
2.80 
2.80 
2.80 
2.80 
2.70 
2.70 
2.60 
2.55 
2.50 
2,35 
2.20 
2.05 
2.10 
2.85 
2.50 
2.50 
2.45 
2.40 


2.30 
2.30 
2.80 
2.10 
1.88 
1.80 
2.05 
2.00 
2.25 
1.88 
1.80 
1.72 
1.68 
1.62 
1.60 
1.68 
1.85 
1.90 
1.85 
2.40 
2.40 
2.25 
2.25 
1.95 
1.65 
1.55 
1.58 
1.50 
1.42 
1.40 
1.40 


1.68 
1.90 
1.90 
2.00 
2.40 
2.75 
2.05 
1.78 
I  1.70 
1.62 
1.60 
1.70 
1.66 
1.70 
1.75 
1.80 
1.80 
1.80 
1.80 
1.80 
2.35 
2.45 
2.00 
1.90 
1.95 
2.30 
3.00 
2.65 
2.40 
2.35 
2.26 


2.20 
2.15 
2.05 
2.00 
2.00 
2.00 
2.00 
1.95 
1.90 
1.90 
1.90 
1.90 
1,90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
2.10 
2.20 
2.20 
2.15 
2. 15 
2.10 
2.05 
2.00 
2.00 
2.05 


2.10 
2,20 
2.20 
2.20 
2.25 
2,30 
2.20 
2,20 
2.20 
2.20 
2.25 
2,25 
2.20 
2.20 
2.20 
2.30 
2.35 
2.30 
2.30 
2.;» 
2.30 
2.30 
2.30 
2.20 
2.20 
2.20 
2.20 
2.30 
2.25 
2.20 
2.20 


Nov 


2.80 
2.25 
2.20 
2.20 
2.20 
2.20 
2.20 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.20 
2.20 
2.20 
2.30 
2.30 
2.20 
2.20 
2.20 
'1.90 
2.35 
2.30 
2.20 
2.20 
2.20 
2.20 
2.20 
2.30 
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Doc. 


2.30 
2.40 
2.40 
2.40 
2.30 
2.30 
2.30 
2.30 
2.30 
2.80 
2.20 
2.20 
2.20 
2.35 
2.40 
2.45 
2.60 
2.40 
2.35 
2.30 
2.30 
2.40 
2.40 
2.60 
2.50 
2.45 
2.40 
2.35 
2.20 
2.10 
2.15 


Gage 
height. 

Discharge. 

Gage 
heiglit. 

Discharge. 

Gage 
height. 

Discharge,  i 

1 

Gage 
height. 

Discharge, 

Feet. 

Second-feel. 

Feet. 

Sfcond-Jeet. 

Feet. 

Second-feet. 

1      Feet. 

Second-feet. 

1.0 

62 

1.7 

185 

2.4 

360 

3,1 

716 

1.1 

78 

1.8 

206 

2.5 

393 

3.2 

791 

1.2 

U 

1.9 

228 

2.6 

432 

3.3 

872 

1.3 

110 

2.0 

252 

2,7 

476 

3,4 

957 

1.4 

128 

2.1 

277 

2.8 

527 

3,5 

1,046 

1.5 

146 

2.2 

303 

2.9 

584 

3.6 

1 

1,139 

1.6 

165 

2.3 

331 

3.0 

647 

3.7 

1,2:^] 
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Estimated  monthly  discharge  of  Arkansas  River  near  Canyon,  Colo. 

[Drainagre  area,  3,060  Hquare  miles.] 


Month. 


Discharge  in  second-feet. 


1902. 
January  

February  

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


i 


Maximum. 

1 
Minimum. 

331 

303 

331 

303 

360 

331 

.  393 

228 

1,286 

345 

681 

264 

360 

128 

647 

161 

303 

228 

345 

277 

345 

277 

393 

277 

1,286 

128 

Run-off. 


Total  in  acre- 
feet. 


Secondfeet  I  j^^^  j 


0.12 
.11 
.13 
.11 
.29 
.18 
.09 
.10 
.09 
.12 
.11 
.13 


1.58 


ARKANSAS  RIVER  AT  SALIDA,  COLO. 

This  station  is  located  at  the  footbridge  near  the  railroad  shops  at 
Salida,  Colo.  It  was  originally  established  by  the  Denver  and  Rio 
Grande  Railroad  April  11,  1895.  The  original  gage  rod  was  a  vertical 
timber  fastened  to  the  north  side  of  the  footbridge.  Considerable  diffi- 
culty was  experienced  by  its  being  knocked  out  by  ice  and  by  logs  during 
high  water,  and  a  new  inclined  gage  rod  was  put  in  place  during  the 
spring  of  1901  by  J.  E.  Field,  consisting  of  a  6  by  6  inch  oak  timber 
fastened  to  the  north  trestle  of  the  bridge,  the  graduations  being 
extended  by  marks  on  the  trestle  above  the  timber.  On  Jul3'  31, 1901, 
the  gage  was  lowered  and  set  farther  out  into  the  stream. 

Another  gage  was  established  at  this  station  on  August  27,  1902, 
the  zero  of  which  is  1.10  feet  below  the  zero  of  the  old  gage.  The 
gage  heights  from  this  date  are  taken  on  the  new  rod. 

The  measurements  are  all  made  from  the  suspension  footbridge  baok 
of  the  Denver  and  Rio  Grande  Railroad. 

The  banks  are  high  and  do  not  overflow.  The  bed  of  the  stream 
consists  of  sand,  gravel,  and  boulders.  Two  large  boulders  interfere 
to  a  great  extent  with  the  accuracy  of  the  results.  As  the  station  is 
an  important  one,  these  boulders  should  l>e  removed,  so  as  to  improve 
the  character  of  the  channel,  and  thus  render  the  results  of  measure- 
ments more  reliable.  The  stream  is  very  swift  at  this  point,  but  the 
channel  is  straight,  and  the  discharge  can  readil}^  be  measured  from 
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the  footbridge.  Little  water  is  used  above  Salida,  and  none  is  used 
below^  that  place  until  Canyon  is  reached.  The  observ^er  is  William 
Furniss.  The  gage  heights  have  been  sent  to  the  local  forecast  official 
of  the  Weather  Bureau  at  Denver,  who  has  had  them  published  in  the 
morning  papers. 

Discharge  nuamiremerds  of  Arkanms  River  at  Salida,  Colo, 


Date. 

Hydrogrrapher. 

Gatre 
height. 

Diflcharge. 

1902. 
April  11 

J.  E.  Field  . 
do  .... 

Feet. 
0.55 
.55 
1.40 
1.80 
2.20 
I         ..SO 

Second-feet. 
273 

April  12 

286 

Mav  5- 

do 

706 

May  19 

do 

1,144 

May  12 

M.  C.  Hinderlider  .   .     -           

1.804 

July  26 

do 

224 

t 
kanms  River  at  Salida,  Colo. 

Daily  ga^e  height 

,  infeetf  of  Ar 

Day. 

Apr. 

May. 

0.75 
.85 
.95 
1.10 
1.10 
1.30 
1.65 
1.60 
1.60 
1.70 
1.80 

June. 

July. 

0.80 
.70 
.65 
.46 
.40 
.35 
.30 

Aug. 

0.20 
.26 
.30 
.30 
.35 

Sept. 

Oct. 

1902. 
1 

0.10 
.10 
.10 

1.45 
1.50 
1.35 
1.30 
1.30 
1.30 
1.30 

1.20 
1.30 
1.20 
1.06 
1.00 

1.10 

2 

1.10 

3 

1.20 

4 

.10 
.15 

1.20 

5 

1.20 

6        

.26 

.40         1-00 

1.20 

7   .._...•.•....•......-•..-..•.........-•-•.- 

.30 
.30 
.30 
.25 

.40 
.30 

1.00 

1.2n 

g           

1 
1.30           .30 

1.00  '         1  00 

9        

1.20 
1.20 
1.20 

.25 
.20 
.20 
.20 
•20 
.20 
.20 

.20  1      1.00 
.20         1.00 

1.20 

10        

1.90 

11   

.20 
.20 
.20 

.20 
.20 

1.00          1.20 

12           

1.85         1.20 
2.00  1      1.10 
2.ft5  '      1.10 

i.no  1       1  on 

.20         1.00          1.16 

14           

.20 

.  10  1      1. 00          1. 10 

1ft 

.20 

2.10 

l.Oi 

.10         1.00          1.10 

Ifi                  

.10 
.10 

2.10  '      1.00          .15 

.10         1.00  i        1.00 

17        

2.00  :      1.00 

.10 
.10 
.50 
.60 
.55 
.50 
.40 
.30 
.25 
.15 
.10 
.10 
.10 
.10 
.20 

.10           .90          1.00 

1ft             

.10         2.00 
.20         1.75 
.35         1.56  1 

.90 
.75 
.70 
.70 
.65 
.60 

.10  '.        .85 
.15          .80 
.40           .80 
.60  ,        .80 
.65  i      1.16 
.35  ;      1.25 
.30  ■      1.20 
.30  i      1.15 
.30  '      1.10 
rtl.30  ;      1.05 

.95 

19 

1.00 

20         

1.06  ■ 

.45 
.35 
.30 
.30 
.30 
.35 

1.15 
.95 
.90  ' 

1.00 

22 

oa          

1.00 
1.06 

24            

.90          .55 

1.10 

OR                 

1.20 

.50 
.50 

1.10 

Ofi            

1.10 

07             _ • 

.45        1.50  1        .70 
.50  ,      1.45  '        .70 

l.a*) 

ffft               

1.25         1.10          1.00 

OQ          

.50 
.60 

1. 46          .  80 
1.60          .80 

1.20         1.10  1          .90 

in          

1.20         1.10  j          .90 

1 
Ql           

1.40 

1.20    .90 

1 

1 

«  New  rod  placed  on  this  date.    0 
this  time  on  are  read  from  the  new  r 

Id  rf)d  r 
od. 

ead  0.2 

fcK)t;  nei 

kv  rod  re 

ad  1.30  i 

eet.    Th 

le  1 

leigfa 

its  from 

188 
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Rating  table  f(tr  Arkansas  River  at  tSalida,  (Mo,,  for  190-2. f^ 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

ft 

1 

Diflchaige. 

1 

Gage 
height. 

Dischaige.  i 

Jbd. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Secfmd'frH. 

-0.3 

140 

•5 

268 

1.3 

622 

2.1 

1,615 

-  .2 

150 

.6 

293 

1.4 

702 

2.2 

1,799 

-   .1 

162 

.7 

320 

1.5 

798 

2.3 

1,991 

.0 

175 

1         .8 

353 

1.6 

906 

2.4 

2,188 

.1 

100 

1         .9 

393 

1.7 

1,024 

2.5 

2,388     , 

.2 

206 

;    1.0 

441 

1.8 

1,150    1 

1 

.3 

224 

1    1.1 

494 

1.9 

1,287    1 

1 

.4 

245 

1       1.2 

554 

1 

2.0 

1,442    1 

1 

1 

a  This  table  is  referred  to  the  old  gage.    In  ludng  it  1.10  feet  were  subtract«d  from  all  gage  heights 
after  AugiiRt  26. 


Estimated  monihly  discftarge  of  Arkansas  River  at  ^S^itffa,  Cblo. 

[Drainage  area,  1,160  square  miloA.] 


Month. 


1902. 
April 

M»y 

June 

July 

August 

September.. 
October 


Maximum. 


293 
1,615 
798 
353 
293 
206 
190 


e  In  second-feet. 

Minimum. 

Mean. 

190 

219 

336 

852 

268 

467 

190 

229 

190 

217 

140 

168 

150 

174 

Total  in 
acre-feet. 


13,  asi 

52, 387 
27,788 
14,081 
13,343 
9,997 
10,699 


Ron-off. 


Second -feet  '  t\^^*\.  «« 
per  square  |  I>«PJJ» »" 
*^ml9e.        '    inches. 


0.19 
.73 
.40 
.20 
.19 
.14 
.15 


0.21 

.84 
.45 
.23 
22 
.16 
.17 


Miscellnneona  ineasnirements  in  the  Arkansas  River  drainage  basin  for  1902. 

[Made  by  W.  P.  Edwards.] 


Date. 


July  11 


Stream. 


Trout  Creek 


July  12 Chalk  Creek 
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RED   RFTKR  DRArNTAGK  BASIN. 

The  headwaUu's  of  the  Red  River  include  sevei-al  forks,  all  of  which 
have  their  sources  in  northern  Texas.  Red  River  takes  a  general 
easterly  direction  along  the  northern  boundary  of  Texas,  and  then 
turns  toward  the  southeast  and  flows  through  a  low,  swampy  region 
in  Liouisiana  into  the  Mississippi,  not  far  from  the  southern  boundary 
of  Mississippi.  The  Washita  River  rises  in  northern  Texas,  crosses 
southeiTi  Oklakoma,  and  flows  into  the  Red  River  in  the  southern  part 
of  Indian  Territory,  about  10  miles  from  Denison,  Tex. 

The  Sulphur  Fork  of  the  Red  River  has  its  headwaters  in  Hunt  and 
Fannin  counties,  flows  eastward,  forming  the  boundary  between  Delta, 
Red  River,  and  Bowie  counties  on  the  north,  and  Hopkins,  Fi-anklin, 
Titus,  Morris,  and  Cass  counties  on  the  south,  and  empties  into  the 
Red  River  in  Arkansas  about  7  miles  north  of  the  boundary  line 
between  that  State  and  Louisiana.  The  flow  of  this  river  is  very 
unreliable,  changing  with  the  rainfall.  If  the  summer  is  at  all  dry  it 
ceaseH  to  flow  altogether,  but  there  always  remains  enough  water 
standing  in  pools  to  water  stock.  During  or  immediately  after  pro- 
ti"a<*ted  or  unusually  heavy  rains,  the  river  becomes  very  wide  and 
deep,  floods  its  l)ottoms,  and  often  occasions  considerable  loss  of  stock 
and  damage  to  planters  and  the  railroads. 

The  Big  Cypress  River  has  its  headwaters  in  Franklin  and  Titus 
counties,  flows  in  a  general U*^  easterly  direction,  and  empties  into  the 
Red  River.  The  flow  of  the  river  is  unreliable,  varying  with  the  rain- 
fall. In  the  summer  it  ceases  to  flow,  becoming  dry,  except  in  those 
phu'os  where  the  water  stands  in  holes.  After  long  or  heavy  rains 
tho>  stream  is  liable  to  overflow  its  banks. 

The  Washita  River  at  Anadarko  is  the  only  regular  station  in  the 
Red  River  drainage  ])asin. 

WASHITA   RIVEK   AT  ANAnARKO,    OKLA. 

This  station,  established  Octol)er  25,  1902,  by  W.  G.  Russell,  is 
locat€*d  at  the  highway  bridge,  one-half  mile  north  of  the  Anadarko 
i"aiiroad  depot.  The  gage  is  of  the  usual  wire  type,  with  the  scale- 
)K>ard  gi^aduated  to  feet  and  tenths,  and  spiked  to  the  hand  rail  of  the 
bridge.  The  initial  point  for  sounding  is  on  the  right  bank.  The 
channel  both  al)ove  and  below  the  station  is  straight  for  2(K)  feet;  the 
right  bank  is  high,  and  the  left  bank  is  low;  both  banks  are  liable  to 
overflow;  the  l)ed  of  the  stream  is  sandy  and  constant.  The  obseiver 
is  James  H.  Dunlap,  who  re^ids  the  gage  once  each  day. 

The  following  discharge  measurement  was  made  in  1J)02: 

October  25:  Gage  height,  2.50  feet;  discharge,  171  second -feet. 
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Daily  gage  height,  in  feet,  of  Washita  River  at  Anadarko,  OJda. 


[NO.  S4. 


Day. 

Oct. 

1.  .. 

1902. 

2 ' 

1 
3 

4 ' 

5 

6 

7 ! 

8 1 

9 \ 

10 ' 

11 1 

12 ' 

13 ' 

14 ' 

1 
16 

1 
16 1 

Nov. 

Dec. 

2.50 

4.00 

2.70 

3.80 

2.70 

3.70 

4.30 

3.60 

4.85 

3.50 

4.50 

3.40 

3.50 

3.40 

3.20 

3.30 

3.00 

3.20 

•2.80 

3.20 

2.70 

3.20 

2.70 

3.10 

2.70 

3.10 

2.70 

8.10 

2.70 

8.30 

2.60 

6.60 

Day. 


1902. 


17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
26. 
26. 
27. 
28. 
29. 
30. 
31. 


2.60 
2.50 
2.50 
2.50 
2.50 
2.50 


Nov 


2.60 

2.60 

2.00 

2.60 

2.70 

2.80 

7.40 

9.20 

7.60 

6.70 

3.40 

4.80 

4.60 

4.20 


Dec. 


7.9D 
6.10 
4.30 
3. 90 
3-7t) 
3.60 
S.50 
3.40 
3.  SO 
3.20 
3.10 
3.10 
3.10 
3.10 
3.10 


Miscellaneous  ineatmrements  in  the  Med  River  drainage  basin. 


Date. 

stream. 

Locality. 

Dis- 
charge. 

1902. 
December  23 

Sulphur  Fork 

St    Louis    Southwestern 
Railroad    bridge,    near 
Naples,  Tex. 

St.    Louis    Southwestern 
Railroad    bridge,    near 
Pittsburg,  Tex. 

Camden,  Ark 

Garland,  Ark . . 

aR  097 

December  24 

Bij?  Cvpress 

^101 

November  17 

Ouachitft 

^4n 

November  15 

Red 

— » ^*  * 

18,627 

a  Water  6  feet  (approximately)  above  normal  winter  level, 
ft  Water  2  feet  (approximately)  above  normal  winter  level. 

AVESTERN  GULF  DRAINAGE. 

Those  stations  from  which  the  United  States  Geological  Survey 
has  obtained  data  during  1902,  and  which  are  located  on  rivei's  which 
drain  into  that  portion  of  the  Gulf  of  Mexico  west  of  the  Mississippi 
River,  have  been  grouped  into  the  following  dminage  basins:  Sabine^ 
Neches,  Trinity,  Brazos,  Coloimlo  (of  Texas),  Guadalupe,  and  Rio 
Grande. 

SABnSTE  RIVER  DRAINAGE  BASLN^. 

The  Sabine  River  has  its  headwaters  in  Collin  and  Hunt  counties, 
flows  in  a  southeasterly  direction  to  the  State  line,  then  south,  forming 
the  boundary  between  Texas  and  Louisiana,  and  empties  into  Sabine 
Lake,  an  arm  of  the  Gulf,  near  Orange,  Tex.     When  measured  on 
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December  25, 11K)2,  the  river  was  «wollen  by  the  rains  of  the  previous 
two  months.  At  the  time  the  measurement  was  taken  the  river  was 
150  feet  wide  and  had  a  maximum  depth  of  19  feet,  which  was  said, 
by  tiio.se  residing  near  by,  to  be  about  3  feet  above  normal.  The  banks 
are  steep  and  the  river  is  deep  in  the  whole  cross  section.  The  drain- 
age area  of  the  Sabine  above  Orange,  Tex.,  is  10,400  square  miles. 
The  principal  tributary  of  the  Sabine  is  the  Big  Sandy  River,  which 
rises  in  the  northern  part  of  Wood  County,  flows  southeast  through 
Wood  and  Upshur  counties,  and  empties  into  the  Sabine  River  near 
the  town  of  Big  Sandy.  The  stream  has'a  reliable  flow  throughout 
the  entire  year.  Its  flow  as  measured  December  25,  1902,  was  con- 
siderably in  excess  of  the  least  flow  of  the  stream,  because  there  had 
been  a  protracted  rainy  period  before  the  measurement  was  taken. 
There  were  at  one  time  three  mills  on  this  stream,  all  of  which  are 
no^w  abandoned  or  destroyed.  The  Seagore  mill  was  situated  about 
li'yO  yards  below  the  crossing  of  the  county  road  where  the  measure- 
ment was  made.  A  dam,  made  by  driving  piling  and  filling  in  with 
stone,  was  used  to  store  the  water  and  give  a  greater  fall.  The  fall 
obtained  was  6  feet.  The  plant  fell  into  decay  and  was  finally  washed 
away  by  floods.  Almost  all  traces  of  the  mill  are  now  gone.  Three 
miles  farther  upstream  is  the  Silas  Smith  mill  site,  and  still  farther 
upstream  the  Kay  mill  site.  Ekch  of  these  mills  has  shared  the  same 
fate. 

Miscellaneous  meanurements  in  the  Sabine  drainage  Ixtsin. 


Date. 

stream. 

Locality. 

Di»- 
chaise. 

19Q2. 
December  25 

Sabine  River 

At  St.  Louis  Southwestern 
Railroad  croRfling. 

At  county  road  crossing,  2 
miles  northeast  of  Big 
Sandy. 

Sec. -feet. 
1,150 

Do 

Big  Sandv  River 

188 

NECHE8  RIVER  DRAINAGE  BASIN. 

The  Neches  River  rises  in  Van  Zandt  County  and  flows  through  the 
heavily  wooded  section  of  east  Texas  and  finally  empties  into  Sabine 
Lake  near  Beaumont.  Its  drainage  area  above  Beaumont  is  10,200 
square  miles.  Its  largest  tributary  is  the  Angelina,  but  it  receives 
many  smaller  streams  in  its  course,  and  on  account  of  its  flowing 
through  a  timbered  section  the  flow  of  these  tributaries,  although 
small,  is  reliable,  and  many  of  them  support  small  water-power  plants. 
These  plants  are  located  in  Van  Zandt,  Henderson,  Angelina,  San 
Augustine,  Houston,  and  Tyler  counties  and  are  to  be  taken  up  and 
described  later  in  a  special  report  by  T.  U.  Taylor  on  "The  Water 
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Power  and  Water  Supply  of  Texas."  When  measured  on  September 
10,  1902,  the  water  was  what  is  termed  in  east  Texas  clear  water,  but 
it  had  the  leaf -stain  color  and  gave  a  ehromine  color  to  white  objeot.- 
beneath  the  surface.  Near  Grapeland,  in  Houston  County,  the  San 
Pedro  has  its  head  and  almost  at  its  inception  ha.s  sufficient  ipv^ater  to 
support  the  water-power  plant  of  Ferguson  &  Weisinger,  %vhere  a 
12-foot  overshot  wheel  operates  a  gristmill  and  cotton  gin  of  50  saws. 

In  its  lower  sections  the  Neches  becomes  more  sluggish  in  its  flow, 
has  deep  water,  and  partakes  of  the  bayou  characteristic^^  nearer  the 
Gulf.  Near  Beaumont  the  water  from  Lake  Sabine  sometimes  impreg- 
nates it  with  salt  water. 

The  principal  tributary  of  the  Neches  is  the  Angelina,  which  rises  in 
Smith  County,  flows  in  a  southeastwardly  direction,  and  empties  into 
the  Neches  near  Townblutf.  It  was  measured  Decem}>er  27,  1902, 
aft(5r  protracted  rains,  at  the  crossing  of  the  Houston  Kast  and  West 
Texas  Railroad,  about  9  uiiles  north  of  Lufkin,  Tex.,  by  Edwanl  C.  H. 
Bantel.  The  flow  at  that  time  was  considerably  above  the  average. 
This  is  considered  a  reliable  stream,  and  is  said  to  never  go  dry  at  thk 
point.  It  is  subject  to  floods  which  inundate  extensive  bottom  lands, 
and  cause  considerable  damage. 

Mm't'llaneous  mefwurcmenJU  in  the  Nechen  drainage. 


Date. 


1902. 
September  10 

Decern  tjer  27 . 


stream. 


Locality. 


Dis- 
charge. 


NecheH !  International  and    Great  !  '2^ 

Northern     Railroad 


'      bridge. 


I 
Angelina '  North  of  Lufkin '       l,  361 


TRINITY  RIVER  DRAINAGE  BASIN. 

The  Trinity  River  rises  in  a  network  of  small  streams  in  the  coun- 
ties of  Montague,  Wise,  and  Parker,  but  their  combined  capacity  at 
Dallas  is  not  sufficient  to  keep  the  bottom  or  bed  of  the  stream  moist. 
The  United  States  Geological  Survey  maintained  a  station  at  Dallas 
for  a  time,  but  it  Avas  abandoned  on  account  of  the  small  discharge. 
Below  Dallas  the  Trinity  flows  through  a  wooded  country,  and  conse- 
quently it  is  not  subject  to  the  sudden  floods  with  their  quick  run-offs, 

TRINITY  RIVER  AT   RIVERSIDE,  TEX. 

The  drainage  area  of  the  Trinity  River  above  Riverside,  Tex.,  is 
16,000  square  miles.  A  gaging  station  was  established  on  the  Trinitv 
at  Riverside,  Tex.,  in  December,  1902,  by  T.  U.  Taylor.     The   zero 
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of  the  gage  is  66  feet  below  the  top  of  the  ties  (or  bawe  of  rail)  in  the 
north  arm  of  the  draw  span  of  the  International  and  Great  Northern 
Railroad  bridge.  The  elevation  of  the  top  of  the  pivot  pier  above 
gage  datum  is  56.5  feet,  and  that  of  the  top  of  the  channel  of  the 
lower  chord  of  the  arms  of  the  draw  span  of  the  bridge  is  62.9  feet. 
The  gage  consists  of  a  tagged  plumbers'  chain  to  which  is  attached  a 
lead  weight  in  the  form  of  a  frustum  of  a  cone.  The  bottom  of  the 
lead  weight  is  marked  66^  and  every  foot  al)ove  this  is  marked  with  a 
bra.s8  tag  giving  its  distance  in  feet  above  the  bottom  of  the  weight. 
The  observer  at  Riverside  is  G.  W.  Higdon,  who  is  in  charge  of  the 
pumping  plant  of  the  International  and  Great  Northern  Railroad.  In 
reading  the  gage  it  is  only  necessary  to  let  the  lead  weight  touch  the 
water  and  then  read  off  the  distance  the  mark  or  point  is  from  the 
upper  end  or  zero  mark  of  the  chain. 

The  following  measurements  were  made  during  1902  on  the  Trinity 
and  its  tributaries: 

Septeinlx^r  10:  At  Riverside,  gage  height,  6  feet;  dischai^ge,  KK)  second-feet. 
September  11:  Near  Oak  wood,  discharge,  120  second-feet. 
September  11:  Elkhart  River,  4  miles  northwest  of  Grapeland;  discharge,  4 

8e<!ond-feet. 

BRAZ08  RIVKll  DRAIKAGE  1JA81N. 

ThLs  river  has  its  source  in  the  Staked  Plains  region  of  western 
Texas,  and  has  a  general  southeasterly  course,  emptying  into  the  Gulf 
of  Mexico  south  of  the  mouth  of  Trinity  River.  Its  drainage  basin 
is  entirely  within  the  State  of  Texas. 

Under  the  direction  of  Thomas  U.  Taylor  the  United  States  Geo- 
logical Survey  is  maintaining  stations  in  this  basin  at  Waco  and  Rich- 
mond, Tex. 

BRAZOS    RIVER   AT   WACO,  TEX. 

On  September  14,  1898,  a  gage  was  established  on  the  southwest 
bank  of  Brazos  River  at  Waco.  It  consists  of  an  inclined  iron  bar,  3 
inches  by  1  inch,  reading  from  0  to  4.3  feet,  bolted  to  a  hard-pine 
stick  16  feet  long,  embedded  in  cement  in  the  sloping  limestone  of  the 
bank,  flush  with  the  surface,  on  which  are  painted  the  graduations 
above  4.3  feet.  The  gage  is  inclined  to  the  horizontal  at  an  angle 
whose  sine  is  /j.  Three  bench  marks  have  been  established.  The 
first  is  on  the  lowest  water  table  on  the  southwest  pier  of  the  suspen- 
sion bridge,  and  is  marked  "'U.  S.  G.  S.  44.33  B.  M."'  The  hydrant 
at  the  corner  of  First  and  Austin  streets  is  at  an  elevation  (by  gage) 
of  43.32  feet,  while  the  top  of  the  mil  of  the  San  Antonip  and  Aransas 
Pass  Railroad  a  few  feet  from  the  hydrant  is  at  an  elevation  of  41.12 
feet.  The  bed  of  the  river  is  shifting  sand,  and  nearly  every  freshet 
modifies  the  cross  section,  so  that  at  the  same  gage  heights  the  river 
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sometimes  flows  in  one  and  sometimes  in  two  channels  under  the 
suspension  bridge  from  which  the  measurements  are  made. 

At  high  water  the  gage  reading  is  obtained  by  measuring  to  the 
water  surface  from  the  top  rail  of  the  stiffening  truss  of  the  suspen- 
sion bridge  at  a  certain  point  when  there  is  no  load  upon  the  bridge, 
and  by  taking  this  distance  from  47.8  feet. 

In  the  early  part  of  1902  a  new  camel-back  truss  bridge  of  one  span 
was  erected  across  the  Brazos  at  Waco  a  few  hundred  feet  above  the 
suspension  bridge.  This  new  bridge  crosses  the  river  at  an  angle  of 
76  degrees.  It  has  a  footway  on  the  east  or  downstream  side  that 
affords  excellent  facilities  for  measuring  the  flow  of  the  stream,  and 
there  are  no  midstream  piers  to  render  measurements  troublesome  or 
doubtful.  On  the  north  pier  of  the  new  bridge  a  gage  has  been 
marked  off  to  agree  with  the  United  States  Geological  Surveys  ff*^  at 
the  suspension  bridge.  The  top  of  the  cement  floor  of  the  new  bridge 
at  the  southeast  batter  brace  is  at  an  elevation  of  45.4  feet  with  respect 
to  the  United  States  Geological  Survey  gage.  High-water  gage 
heights  can  be  read  directly  from  the  gage  on  the  north  pier,  or  the 
distance  of  the  water  surface  can  be  measured  from  the  cement  floor 
and  this  subtracted  from  45.4  feet  will  give  the  height  of  the  river 
referred  to  the  gage. 

The  Brazos  reached  in  1902  the  lowest  stage  in  its  recorded  history. 
In  the  latter  part  of  11)01,  from  December  28  to  31,  the  gage  reached 
the  low  mark  of  2.3  feet,  and  several  measurements  were  taken  at  this 
stage  of  the  river  to  determine  what  was  thought  at  that  time  to  l>e 
the  least  discharge  of  the  Brazos.  An  average  discharge  of  70  second- 
feet  was  then  found.  The  river  stood  for  seven  days  in  January  at 
this  height  and  then  fell  to  2.2  feet,  and  then,  in  the  latter  part  of 
January,  it  fell  to  2.1  feet.  During  the  first  part  of  February  the 
gage  stood  at  2.2  feet,  but  on  the  19th  of  February  again  dropped  to 
2.1  feet.  It  remained  at  this  height  until  March  7,  w^hen  it  dropped 
to  2  feet,  the  lowest  mark  since  1898,  and  the  lowest  mark  ever  reached 
on  the  gage.  On  March  8,  1902,  the  flow  was  measured  by  Thomas 
U.  Taylor  at  a  point  200  yards  above  the  new  bridge,  at  a  section 
where  the  stream  is  only  24  feet  wide.  The  average  depth  was  7 
inches,  and  there  was  a  mean  velocity  of  1.36  feet  per  second.  This 
gave  a  discharge  of  19  second-feet.  This  stage  of  the  river  continued 
until  the  afternoon  of  March  11. 
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Discharge  measurements  of  Brazos  River  at  Tfaco,  Tex. 


Date. 


1902. 


January  14 


Hydrographer. 


January  22 do 


C.  N.  Campbell 


T.  U.  Taylor. 
....do 


March  8 

July  25 

July  30 do 

July  31 do 

August  1 do 

August  5 do 

^September  5 1 do 

September  6 do 

December  17-... do 

December  20 , do 


Gage 
height. 


Feet. 

2.29 

2.18 

1.98 

21.00 

16.00 

14.00 

11.80 

6.70 

4.90 

4.30 

3.71 

3.68 


Diflcharge. 

Second-feet. 

56 

47 

20 

70,500 

26,700 

20,800 

13,800 

4,200 

1,730 

1,230 

892 

863 


Daily  gage  heighty  in  feet  j  of  Brazos  River  at  Wacoy  Tex. 


Day. 

Jan. 

1902. 
1 

i 

2.80 

2 

2.30 

3 

2.30 

4 

2.30 

5 

2.30 

6 

2.80 

7 

2.80 

8 

2.20 

9 

2.20 

10 

2.20 

11 

2.20 

12 

2.20 

13 

2.20 

14 

2.20 

15 

2.20 

16 

2.20 

17            

2.20 

18   

2.10 

10        

2.10 

•20      

2.10 

•>1    

2.10 

•22      

2.20 

23    

2.20 

24      

2.20 

25   

2.10 

26      

2.20 

27        

2.20 

28 

2.20 

«2Q           

2.20 

30   

2.20 

31    

2.20 

Feb. 


2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.30 
2.30 
2.30 
2.20 
2,20 
2.20 
2.20 
2.20 
2.15 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 


Mar.    Apr. 


"I 


2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.06 
2.00 
2.00 
2.00 
2.20 
8.70 
3.76 
3.20 
4.80 
7.00 
6.80 
5.35 
5.20 
5.10 
5.05 
4.50 
4.45 
3.95 
3.80 
3.55 
3.45 
3.80 
3.70 
5.00 
4.60 


4.60 
4.60 
4.20 
3.90 
3.60 
3.40 
3.85 
8.50 
4.60 
4.40 
4.00 
3.85 
5.25 
4.90 
3.90 
3.65 
5.00 
4.00 
4.10 
3.90 
3.60 
4.15 
3.90 
3.65 
3.50 
3.40 
4.25 
3.40 
3.15 
3.10 


May. 


2.75 
2.70 
2.60 
2.60 
2.80 
3.00 
3.20 
3.40 
4.90 
7.50 
6.95 
5.95 
5.46 
6.15 
5.65 
5.75 
4.90 
4.40 
8.95 
12.15 
7.75 
7.25 
8.60 
10.80 
10.45 
9.76 
8.35, 
8.05 
8.20 
7.70 
6.90 


June.   July.  I  Aug, 


5.90 
7.00 
8.60 
7.50 
8.75 
7.40 
6.20 
6.75 
5.30 
4.95 
4.55 
4.45 
4.35 
4.10 
3.86 
3.70 
3.90 
4.10 
3.70 
3.50 
3.35 
3.30 
3.30 
3.40 
3.15 
%10 
4.90 
5.10 
4.80 
4.80 


( 


4.40 
4.16 
3.70 
3.50 
4.05 
6.30 
6.60 
4.75 
4.30 
3.95 
3.60 
3.40 
3.76 
3.80 
6.10 
5.10 
5.90 
4.66 
4.60 
4.60 
4.75 
7.05 
11.40 
11.60 
15.50 
32.10 

ai.a'i 

27.ft5 
22. 65 
17.30 
13.80 


11.  a3 
9.25 
8.25 
7.20 
6.70 
6.40 
6.20 
5. 75 
5.86 

s.a^ 

4.85 

4.66 

4.50 

4.40 

4.40 

4.30 

4.20 

3.85 

3.70 

4.30 

4.a'> 

3.75 

3.70 

3.70 

3.60 

3..S5 

3. 35  ' 

3.30 

3.20 

3.20 


Sept. 


3.20 
3.16 
3.10 
4.40 
4.65 
4.40 
.5.55 
6.20 
4.60 
6.70 
7.20 
6.00 
6.35 
5.10 
4.90 
4.75 
4.65 
4.30 
4.00 
3.85 
3.75 
3.70 
3.65 
3.45 
3.40 
3.35 
3.45 
6.15 
5.60 
5.06 


Nov. 


4.86 

5.66 

6.10 

6.10 

6.90 

5.85 

5.20 

4.80 

4.76 

4.60 

4.80 

4.00 

3.75 

3.60 

3.40 

3.30 

3.20 

3.10 

3.10 

3.00  i 

3.10  I 

3.85 

3.46 

3.60 

3.60 

3.50 

3.15 

3.a'>  , 

3.00 

3.00 

2.86 


2.65 
2.60 
3.55 
3.70 
3.30 
8.80 
7.60 
7.10 
5.90 
5.70 
5.80 
5.80 
5.35 
7.70 
5.70 
7.80 

10.30 
8.80 
5.95 
6.80 
9.35 
7.05 
6.70 
6.40 

14.75 
8.65 
6.80 
6.20 
6.15 
6.05 


Dec. 


6.80 
7.65 
6.45 
6.20 
6.20 
6.60 
6.00 
4.80 
4.75 
4.66 
4.60 
4.40 
4.40 
4.35 
4.30 
8.80 
8.65 
3.70 
3.70 
3.60 
3.60 
8.60 
8.50 
3.50 
3.50 
3.60 
3.50 
8.50 
3.40 
3.40 
8.40 


1KB  84—03^ 


■10 
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Rating  tabUfar  Brazos  River  at  Waco,  Tex.,  for  1902. 


Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

1 

Gage 
bei^t. 

Discharge. 

Fed. 

Second-feet. 

Feet. 

Secondrfeei. 

Feet. 

Second-feet. 

FM^ 

Second-feet. 

2.0 

20 

4.6 

1,490 

7.2 

4,800 

11.0 

12,285 

2.2 

80 

4.8 

1,650 

7.4 

5,135 

11.6 

13,450 

2.4 

160 

5.0 

1,820 

7.6 

5,475 

12.0 

14,660 

2.6 

250 

5.2 

2,010 

7.8 

5,825     ' 

12.5 

<      15,980 

2.8 

350 

5.4 

2,220 

8.0 

6,180    I 

13.0 

i      17,400 

3.0 

450    ' 

1 

5.6 

2,450 

8.2 

6,540 

13.5 

1      18,850 

3.2 

550 

5.8 

2,700 

8.4 

6,910 

14.0 

20,300 

3.4 

670    1 

6.0 

2,975 

8.6 

7,285     ' 

14.5 

21,800 

3.6 

795    ' 

6.2 

3,265 

8.8 

7,665     ' 

15.0 

23,300 

3.8 

925 

1 

6.4 

3,555 

9.0 

8,055 

15.5 

24,800 

4.0 

1,055 

6.6 

3,855 

9.5 

9,050 

16.0 

26,300 

4.2 

1,195 

6.8 

4,155 

10.0 

10,085     , 

16.5 

27,800 

4.4 

1,340 

7.0 

4,470 

10.5 

11,160     , 

1 

17.0 

29,300 

Estimated  monthly  discharge  of  Brazos  River  at  Waco,  Tex. 
[Drainage  area,  80,760  square  miles.] 


Month. 


January  

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maximum. 


120 

120 

4,470 

2,062 

15,032 
7,570 

74,600 

13,810 
4,800 
4,310 

22,550 
5,562 


Minimum. 


50 
50 
20 
500 
250 
500 
670 
550 
500 
375 
200 
670 


Mean. 


74,600 


20 


84 

74 

995 

1,062 

4,280 

2,123 

12, 528 

2,354 

1,609 

1,230 

4,491 

1,494 


Total  in 
acre-feet. 


2,694 


5,165 

4,110 

61,180 

63, 193 

263,167 

126, 327 

770, 317 

144,  742 

95,742 

75,630 

267, 233 

91,862 


Ran-oir. 


Second-feet 

per  square 

mile. 


0.0027 
.0024 
.0324 
.0345 
.1392 
.0690 
.4074 
.0766 
.0523 
.04U0 
.1460 
.0486 


Depth  in 
inches. 


0.  oie 

.003 
.037 

.iei> 

.077 
.470 
.«>> 

.046 

.056 


1,968,668 


0876  \A99 
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BRAZOS   RIVER  AT   RICHMOND,  TEX. 

The  dmina^e  area  of  the  Brazos  River  above  Richmond,  Tex.,  is 
44,0<H)  square  miles. 

In  the  latter  part  of  December,  1902,  T.  U.  Taylor  established  a 
^g'ing  station  at  Richmond,  Tex.,  on  the  Brazos  River.  The  gage  con- 
sists of  a  tagged  plumber's  chain  marked  every  foot  with  brass  tags. 
The  chain  is  50  feet  long,  the  bottom  of  the  lead  weight  being  the 
50-foot  mark.  The  zero  of  the  gage  is  50  feet  below  the  top  of  the 
guard  rail  in  the  mid-span  of  the  bridge  of  the  Southern  Pacific  Rail- 
road. The  observer  is  W.  B.  Ransom,  a  local  druggist,  and  observa- 
tions were  commenced  on  January  1,  1903. 

Al>ove  and  at  Waco  the  river  rises  I'apidly,  and  when  it  gets  above 
the  gage  height  of  30  feet  overflows  the  bottom  lands  below  the  town. 
When  the  floods  spread  out  over  the  bottom  lands  as  they  do  from 
Waco  to  Richmond,  the  river  stays  up  longer  in  its  lower  stretches 
than  it  does  in  the  upper  sections,  as  the  the  backwater  in  the  bottoms 
and  the  lowlands  sei*ve  as  storage  reservoirs  and  are  drained  slowly  as 
the  river  recedes.  At  Hearne  and  below  the  river  in  1899  was  several 
miles  in  width.  Its  maximum  height  at  Richmond  occurred  on  July 
7,  1899,  when  it  stood  4  feet  below  the  top  of  the  guard  rail,  or  at  a 
jrag-e  height  of  46  feet.  The  wator  was  out  over  the  bottoms  above, 
and  in  Richmond  it  covered  the  tracks  of  the  Southern  Pacific  Rail- 
road. 

The  following  measurements  were  made  at  Richmond  in  1902: 

AugUHt  2:  Gage  height,  28.1;  discharge,  48,400  seirond-feet. 
August  6:  Gage  height,  31.9;  discharge,  60,470  second-feet. 
August  19:  Gage  height,  7.1;  discharge,  5,800  second-feet. 

LITTLE   RIVER  AND  ITS   TRIBUTARIES. 

The  Sulphur  Fork  of  the  Lampasas  rises  in  the  town  of  Lampasas 
in  two  springs,  the  Hancock  and  the  Hanna,  with  a  joint  flow  as  deter- 
mined on  August  18, 1902,  by  T.  U.  Taylor  of  9  second-feet.  Of  this 
amount  the  Hancock  had  7.6  second-feet  and  the  Hanna  1.4.  This  is 
I>rohably  the  least  flow  of  the  springs.  These  springs  are  fully 
described  in  Water  Supply  Paper  No.  60,  page  335.  The  Lampasas, 
the  Salado,  and  the  Leon  unite  southeast  of  Belton,  in  Bell  County, 
at  the  *' Three  Forks,"  forming  the  Little  River.  The  Salado  rises  in 
the  village  of  Salado,  9  miles  south  of  Belton,  from  springs  that  bear 
a  .striking  resemblance  to  those  of  the  Edwards  formation.  The  meas- 
urement at  Salado  on  December  19,  1902,  can  be  regarded  as  the  min- 
imum flow,  as  there  had  l)een  no  rains  for  many  months.  The  Salado 
has  a  reliable  flow  of  13  second-feet  at  its  head  and  it  is  slightly  reen- 
forced  lower  down.  At  one  time  there  were  eleven  different  power 
plants  in  operation  along  this  short  stream,  but  at  present  there  are 
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only  three  in  active  operation.  Summer's  mill,  2  miles  above  the 
"Three  Forks,''  derives  its  power  from  a  10- foot  dam.  Dalane3'"*s  miU, 
1  mile  farther  up  the  stream,  derives  its  power  from  a  dam  8  feet  high, 
while  Stinnett's  flour  mill,  6  milejs  farther  up,  ^ets  an  18-foot  head 
by  means  of  a  mill  rac^e  1  mile  long.  lielow  the  "Three  Forks'''  the 
river  is  known  as  Little  River.  It  has  two  reliable  streams  in  the 
Lampasas  and  Salado  to  feed  it,  and  its  flow  is  reliable,  but  proliablv 
on  account  of  danger  from  overflows  no  attemjjts  have  been  made  to 
utilize  its  energy  in  power  plants.  Three  irrigation  plants  have  been 
located  on  the  Little  River  within  the  last  year  in  the  neig-hborhood 
of  Cameron. 

San  Oabriel  River.  — The  San  Gabriel  River  rises  in  Burnett  Countr, 
and  flows  ea^sterly  through  Williamson  County,  and  joins  Little  River 
10  miles  north  of  Rockdale.  Its  waters  are  used  for  irrigation  and 
power  purposes  near  Georgetown  and  Taylor. 

MimxlUtrwous  imiusuremeiiU  in  LiUle  River  Basin, 


Date. 


1902. 
December  18. 
December  19, 
August  18--- 
Februarv  15 


Salado 
do 

Sulphur  Fork  of  Lampas&s 
San  Gabriel 


Locality. 


chAFpe. 


Src.-J^. 


Dulaney's  Mill 

Salado 

LAmpasas 

Jonah 


1«> 


9 


COTjORADO  RIVEU  (OF  TEXAS)  DRAINAGE  BASIN. 

The  Colorado  River  rises  in  the  extreme  western  portion  of  the 
State,  within  a  few  niile«  of  the  eastern  boundary  of  New  Mexico, 
and  flows  in  a  general  southeasterly  direction,  emptying  into  the  Gulf 
of  Mexico  in  Matagorda  County.  The  drainage  area  above  Austin 
is  37,000  square  miles,  and  above  Columbus  it  is  40,000  square  miless 
and  it  extends  into  the  corner  of  New  Mexico.  Its  main  tributarie> 
are  the  Concho,  the  San  Saba,  and  the  Llano.  The  Concho  has  a  reli- 
able flow  above  its  junction  with  the  Colorado,  and  if  the  stream  below 
the  junction  were  to  receive  its  name  from  the  one  that  contributed 
the  most  water  the  river  below  the  junction  would  be  known  as  tht' 
Concho  instead  of  the  Colorado.  The  Concho  furnishes  water  for 
irrigation  and  water  power,  and  supports  in  Irion  and  Tom  Green 
counties  some  excellent  irrigation  systems,  described  in  Water  Supplv 
Paper  No.  71.  The  San  Saba  and  the  Llano  rivers  are  described  id 
the  same  paper. 
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The  Colorado  at  Austin  emerges  from  a  canyon.  From  Austin  to 
the  Gulf  it  traverses  a  rather  flat  country,  and  its  waters  are  utilized 
for  many  power  plants^  and  during  the  season  of  1902  60,000  acres 
of  rice  were  sowed  in  the  counties  of  Colorado,  Wharton,  and  Mata- 
gorda, under  canals  that  obtained  their  water  from  the  Colorado. 

Under  the  direction  of  Thomas  U.  Taylor,  the  United  States 
(leological  Survey  is  maintaining  gaging  stations  in  this  basin  at 
Columbus  and  Austin,  Tex.  During  1902  miscellaneous  measure- 
ment's were  made  by  Mr.  Tav'lor  at  several  other  pla<H\s,  as  stated 
hereafter. 

COLORADO  RIVER  AT  COLUMBUS,  TEX. 

A  ^ging  station  was  established  at  Columbus,  Tex.,  on  the  Colo- 
rado River,  in  December,  1902.  The  zero  of  the  gage  is  60  feet  below 
the  top  of  the  downstream  pier  on  the  west  side  of  the  river.  A  gage 
has  lieen  marked  off  by  the  county  officers  on  this  pier,  })ut  the  observer 
for  the  United  States  Geological  Survey  uses  a  tagged  chain,  with  lead 
wei^ifht  for  a  sounder.  The  flood  of  1900  was  the  highest  known  at 
CoUim))us,  and  it  reached  the  gage  height  of  38.0  feet. 

The  following  measurements  were  made  on  the  Colorado  at  Colum- 
bus in  1902: 

August  2:  (lage  height,  32.0  feet;  discharge,  36,000  Herond-feet. 
August  4:  Gage  height,  13.4  ft»et;  discharge,  6,800  secoiui-feet. 
August  7:  Gage  height,  12.6  feet;  discharge,  4,300  second-feet. 
D<*ceiiiber  27:  Gage  height,  3.5  feet;  discharge,  1,200  necond-feet. 

COIX)RAIX)   RIVER   AT   AUSTIN,  TKX. 

(jra^e  heights  were  lirst  tiiken  on  the  crest  of  the  Austin  dam  on 
Aii<>ii.st  13,  1895,  and  were  continued  from  that  tlate  until  the  failure 
of  the  dam  occurred  in  April,  1900.  The  lirst  discharge  measurement 
was  made  on  December  21,  1897.  In  Februarv,  1899,  the  gage  was 
placed  on  the  Congfress  Avenue  Bridge  south  of  tlie  city.  This  gage 
coiiHists  of  a  plain  staff  attached  to  a  hath  house.  The  obsen^r  is 
\V.  Peterson.  The  bench  mark  is  on  the  first  flange  above  the  crib- 
work  of  the  north  pier  of  the  highway  bridge.  Its  height  is  4.78  feet 
alH>ve  the  zero  of  the  gage.  Measurements  of  dischi^rge  are  made  in 
a  narrow  place  in  the  river  about  one-fourth  mile  above  this  point. 
The  flood  of  April  7,  1900,  carried  away  the  great  masoniy  dam  at 
Austin.  This  flood  was  general  over  southwest  Texas,  ])ut  its  onl}'^ 
disaster  was  limited  to  the  demolition  of  that  structure.  A  full  discus- 
sion of  this  failure  will  be  found  in  Water  Supply  Pa])er  No.  40. 

Prior  to  the  flood  of  April  7,  1900,  the  discharge  of  the  river  at  the 
station  below  the  dam  was  at  low  stages  absokitely  under  the  control 
of  the  turbines  at  the  power  house  at  the  dam;  and  measurements  made 
opposite  the  city,  at  the  station  })etween  the  two  bridges,  did  not  give 
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the  unobstructed  flow  of  the  river.  Since  the  destruction  of  the  dam, 
measurements  have  been  made  at  the  station  a  fourth  of  a  mile  above 
the  highway  bridge  on  Congress  avenue. 

Disduirge  measuremerU^  of  Colorado  River  at  Atigtin^  Tex. 


Date. 


Hydminvpher. 


C.  N.  CampMl 
....do 


1902. 

January  20 

February  17 * 

March  15 do 

April  9 1 do 

June20 !  T.  W.Taylor 

June  21 ! do 

Do do 

June  23 do 

June  28 A.  A.  Cother 

June  30 

Octol)er24 

Octol^er  25 

October  28 

October  30 

November  4 

November  5 

November6 

November  11 

I 
November  17 , do 

November  18 ' do 

I 

November  21 do 

November  22 do 

November  24 do 

November  25 ' do 


....do 

T.  W.  Tavlor. 

....do 

A.  A.  Cother. 

....do 

....do 

....do 

....do 

....do 


November  27. 
December  2., 


do 
.do 


QtLge 
height. 


FeH. 
2.10 
1.99 
2.50 
1.70 
1.40 
1.32 
1.32 
1.34 
1.20 
1.19 
1.55 
1.50 
1.45 
1.40 
4.10 
3.20 
2.60 
2.40 
6.80 
6.20 
3.10 
8,40 
9.80 
7.40 
6.60 
4.00 


DiflchaiKt- 

497 
471 
962 


252 


18t> 
21n 
211 
LSI) 

176 

29^> 

2S2 

286 

2a3 

3,600 

1,717 

1,216 

1,100 

13, 917 

ll,6Tt> 

l,6sr> 
20, 0^» 
26,246 
16,61:? 
12.8*.^ 

2,79:^ 
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Daily  gcLge  height ,  mfeet,  of  Colorado  River  at  Austiii,  Tex. 


Day. 

Jan.    Feb. 

Mar. 

1.88 
1.80 
1.80 
1.75 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.80 
1.80 
4.00 
3.10 
2.60 
2.05 
3.20 
2.90 
2.70 
2.50 
2.38 
2.30 
2.23 
2.20 
2.10 
2.15 
2.00 
1.93 
1.85 
1.80 
1.80 

Apr. 

May. 

1.96 
1.85 
1.75 
1.86 
1.95 
1.85 
1.95 
1.96 
3.20 
8.70 
3.25 
2.90 
2.65 
2.45 
2.35 
2.20 
2.15 
2.16 
6.25 
8.05 
8.85 
5.95 
4.35 
3.90 
3.40 
3.15 
2.95 
8.10 
3.20 
3.00 
2.85 

June. 

July. 

2.85 
2.25 
4.60 
5.60 
4.i» 
3.15 
2.76 
2.50 
■2.35 
2.20 
2.15 
1.95 
1.80 
2.65 
2.35 
2.20 
2.25 
2.05 
3.15 
2.40 
2.25 
2.10 
2.15 
2.25 
5.70 
9.10 
11.10 
11.85 
10.65 
10.85 
10.65 

Aug. 

Sept. 

Oct. 

2.50 
2.4tf 
4.35 
5.00 
4.05 
3.65 
3.45 
2.90 
2.65 
2.85 
2.20 
2.10 
1.95 
1.90 
1.80 
1.75 
1.70 
1.70 
1.60 
1.60 
1.60 
1.60 
1.55 
1.55 
1.50 
1.45 
1.45 
1.42 
1.40 
1.40 
1.40 

Nov. 

Dec. 

1902. 
1 

1.85 
1.85 
1.85 
1.85 
1.85 
1.85 
1.85 
1.85 
1.90 
1.90 
1.90 
1.90 
1.96 
1.95 
1.95 
1.9» 
2.00 
2.00 

1.90 
1.90 
1.90 
1.95 
2.00 
2.00 
1.95 
1.98 
2.00 
'2.00 
2.00 
2.00 
2.00 
1.90 
2.00 
2.00 
1.95 
1.95 

1.90 
2.00 
1.90 
1.80 
1.73 
1.73 
1.70 
2.05 
1.75 
1.70 
1.60 
1.63 
3.10 
4.15 
5.10 
6.15 
4.85 
4.20 
3.30 
3.15 
2.96 
2.75 
2.60 
2.50 
2.40 
•2.33 
2.30 
2.20 
2.10 
2.00 

3.25 
5.16 
4.00 
3.45 
2.90 
2.75 
2.46 
2.86 
2.20 
2.15 
2.06 
2.00 
1.85 
1.70 
1.60 
1.60 
1.63 
1.60 
1.50 
1.43 
1.40 
1.38 
1.35 
1.30 
1.30 
1.30 
1.30 
1.20 
1.30 
2.05 
...... 

10.10 
8.60 
5.80 
4.50 
4.00 
3.55 
3.20 
3.06 
3.00 
3.05 
2.60 
2.50 
2.55 
2.70 
2.55 
2.40 
2.20 
2.10 
2.00 
2.00 
1.90 
1.92 
1.82 
1.72 
1.70 

1.55 
1.60 
1.60 
1.90 
3.45 
3.80 
3.00 
3.45 
3.50 
5.80 
4.15 
3.45 
3.15 
2.85 
2.06 
2.45 
2.35 
2.20 
2.10 
2.06 
2.00 
1.90 
2.35 
2.70 
2.40 

1.40 
1.40 
1.50 
4.16 
3.10 
2.70 
3.26 
3.30 
2.85 
2.56 
2.40 
2.30 
2.36 
3.15 
2.45 
2.15 
4.70 
5.80 
4.15 
3.30 
3.00 
5.75 
9.85 
10.90 
7.40 
8.16 
6.75 
4.90 
4.20 
3.56 

3.15 

2 

8.70 

3 

4.85 

4 

4.35 

5 

3.70 

6 

3.30 

7 

3.06 

8 

2.95 

9 

2.75 

10 

2.65 

11 

2.60 

12 

2.50 

13 

2.50 

14 

2.42 

2.35 

16 

2.30 

17 

2.25 

18 

2.25 

19 

2.00     1.95 
2.10     1.90 

2.00 

20 

2.00 

2.10 
2.00 
2.00 
2.00 
1.95 
1.93 
1.90 
1.90 
1.90 
1.90 
1.90 

1.90 
1.90 
1.90 
1.88 
1.85 
1.85 
1.85 
1.85 

2.15 

22 

2.10 

23 

2.10 

24  ,             

2.05 

25 

2.00 

26 

1.70     3.05 

1.96 

27 

1.67 
1.65 
1.60 
1.60 

2.95 
2.80 
3.25 
2.90 

1.95 

28 

1.90 

29 

1.90 

30 

1.90 

31 

1.55    

1.95 

Rating  table  for  Colorado  River  at  AustiUy  Tex.,  for  190^. 


Gage 
height. 

Discharge. 

Gage 
1   height. 

Discharge. 

1     Gage 
^   height. 

Discharge. 

Gage 
height. 

Discharge. 

Feet. 

Second-Jed. 

Feel. 

1 

Second-feet. 

Feet. 

Second-feet. 

^Feet. 

Second-feet. 

1.2 

180 

3.6 

2,480 

6.0 

10,850 

,       8.4 

20,450 

1.4 

240 

4 

3.8 

2,890 

1 

6.2 

11,650 

8.6 

21,250 

1.6 

320 

4.0 

3,340 

6.4 

12,450 

8.8 

22,050 

1.8 

410 

4.2 

3,865 

6.6 

13,250 

9.0 

22,850 

2.0 

520 

4.4 

4,490 

6.8 

14,050 

9.2 

23,650 

2.2 

660 

4.6 

5,250 

7.0 

14,850 

9.4 

24,450 

2.4 

820 

1 

4.8 

6,050 

7.2 

15,650 

9.6 

25,250 

2.6 

1,020 

5.0 

■ 

6,850 

7.4 

16,450 

9.8 

26,050 

2.8 

1,240 

5.2 

7,650 

7.6 

17,250 

10.0 

26,850 

3.0 

1,490 

5.4 

8,450 

7.8 

18,050 

3.2 

1,780 

5.6 

9,250 

1      8.0 

18,850 

3.4 

2,110 

1 

5.8 

! 

* 

1 

8.2 

19,650 
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Eslimated  monthly  discharge  of  Colorado  River  at  AuMin,  Tex. 
[Drainage  area,  87,000  square  miles.] 


Month. 


1902. 

January  

February  

March 

April 

May 

June 

July 

August 

Septemlxjr . . . 

October 

November . . . 
December  ... 


Date. 


1902. 

June  19 

June  27 

August  17... 


Discharge  in  8econd-fecC. 


Maximum. 


The  year 31,250 


Total  in  acre- 
feet. 


29,494 

26,836 

45,025 

101, 827 

187, 652 

52,552 

439, 517 

173,841 

89,460 

62,684 

334,594 

75, 626 

1,619,108 


Run-off. 


Second-feet 

per  square 

mile. 


Miscellaneous  measurements  on  Colorado  River. 


Locality. 


Marble  Falls 

do , 

Ballinger 


Depth  in 
inches. 


0.01  j 
.01  1 
.02   ! 


.05 

.08 

.02 

.19 

.08 

.04 

.03 

.15  1 

.03 


0.01 
.01 
.0-2 
.06 
.0^ 
.02 
.22 
.09 
.(H 
.03 
.17 
,0S 


.06 


.79 


Diarhaxge. 

219 
145 
104 


BARTON   SPRINGS  NEAR  AUSTIN,    TEX. 


These  springs  are  a)x)ut  2  miles  from  the  court-house  at  Austin. 
There  are  at  present  two  distinct  groups  of  springs  that  unite  one- 
fourth  mile  below  the  stone  bridge  and  form  the  main  channel.  Tlie 
flow  of  these  springs  has  responded  to  the  mnfall  on  the  Edwani< 
Plateau  with  unfailing  regularity.  The  Walsh  spring  on  the  south 
side  of  the  stream  which  formerly  ran  a  mill  was  dry  for  several  years, 
but  in  1900,  a  year  of  heavy  rainfall,  it  revived  and  continued  flowing 
for  about  a  year,  but  during  the  whole  of  1902  no  water  issued  from 
this  spring.  The  following  measurements  have  been  made  of  the  flow 
of  the  springs: 
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Misceilaneotis  meatureinents  of  Barton  Springs. 


Date. 


Hydrographer. 


C.  C.  Babb  . . 

....do 

T.  U.  Taylor. 
....do 


1894 

1895 

March,  1898 

May,  1898 

August,  1900 do 

Dc*cember,  1900 do 

June,  1902 do 

August,  1902 do 


Discharge. 


Sec-feet. 
17 
25 
20 
30 
69 
33 
19 
19 


LLANO   RIVKK,    TEXAS. 

The  Llano  River  rises  in  Sutton  County  and  flows  east  to  its  junction 
with  the  Coloi'ado.  Just  below  Junction  City,  in  Kimble  County,  the 
North  and  South  forks  unite  and  form  the  main  Llano. 

The  main  Llano  River  is  joined  by  the  Johnson  Fork  of  the  Llano 
below  Junction  City.  The  water  in  this  fork  is  almost  exhausted, 
}>efore  it  reaches  the  main  Llano,  by  several  small  irrigation  plants 
that  derive  their  waters  from  it.  The  measurement  of  August  13, 1902, 
on  the  South  Llano  was  stated  by  the  mill  owner  and  operator  just 
south  of  the  town  to  be  at  the  lowest  stage,  and  this  is  highly  probable, 
as  no  rains  of  any  account  had  fallen  for  some  time.  While  the  South 
Llano  is  much  shorter  than  the  North  Llano,  yet  the  North  Llano  on 
the  same  date  was  not  flowing  at  their  junction.  The  South  Llano 
could  easily  suppl}'  suflHcient  water  for  an  irrigation  system  of  6,000 
acres,  and  the  land  that  could  be  brought  under  ditch  is  rich  and  well 
placed  for  easy  irrigation. 

The  capacity  of  the  Llanos  has  not  been  developed  to  much  extent 
either  for  power  or  irrigation  purposes.  Power  plants  are  located  at 
Junction  City,  2  miles  above  the  town  of  Llano,  ar.d  at  Llano.  Its  use 
for  irrigation  pui*poses  is  confined  to  the  county  of  Kimble. 

There  are  more  individual  irrigation  plants  in  Kimble  County  fed 
by  the  Llano  and  its  tributaries  than  in  any  other  county  in  Texas,  as 
can  be  .seen  hy  referring  to  Water  Supply  Paper  71.  There  are  four 
water-power  plants  on  the  Llanos,  but  only  three  are  in  active  opera- 
tion at  present.  At  Junction  City,  a  dam  about  one  foot  high,  con- 
structed of  logs  and  loose  rocks,  deflects  part  of  the  flow  of  the  South 
Llano  into  a  ditt*h  whose  l>ed  is  on  the  same  level  with  that  of  the 
river.  The  ditch  is  10  feet  wide,  4  feet  deep,  and  about  3  furlongs 
in  length.     The  ditch  follows  the  foothills  to  the  fore  bay  or  flume 
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100  feet  long,  6  feet  wide,  and  6  feet  deep.  The  power  is  develop«i 
by  a  30-inch  Leffel  turbine,  and  is  used  to  run  a  gristmill,  a  cotton 
gin  of  70  saws,  and  to  supply  a  tank  80  feet  above  the  level  of  the 
water  in  the  ditch.  The  tank  is  used  as  a  part  of  the  waterworks  for 
the  town  of  Junction.  The  water  emerges  from  the  turbine  and  flows 
back  under  the  flume  for  about  60  feet,  when  it  turns  sharply  to  tJie 
east  and  is  conducted  back  to  the  river.  In  addition  to  the  power 
developed,  there  is  a  plan  on  foot  to  install  an  irrigation  system  of 
6,000  acres.  The  main  canal  will  be  taken  out  of  the  river  above 
Junction  and  will  follow  the  foothills  west  of  town  and  then  cross 
the  North  Llano  by  an  invert,  and  irrigate  lands  on  the  north  «ide  of 
the  main  Llano  east  of  the  town. 

While  there  are  many  localities  on  the  Llano  between  Junction  and 
the  town  of  Llano  where  power  plants  could  be  dev^eloped,  ^^et  no 
attempts  have  been  made  to  construct  additional  plants  except  near 
the  town  of  Llano.  At  Llano  there  are  conditions  for  a  good  water- 
power  plant.  Just  north  of  the  town  a  small  plant  is  at  present  used 
in  running  the  watei^works,  the  electric-light  plant,  and  the  flour  mill. 
The  dam  is  constructed  partl}^  of  stone  and  partl}'^  of  wood.  It  is  built 
on  a  turtleback  formation  of  granite  that  would  aflford  an  excellent 
foundation  for  a  masonry  dam.  All  the  necessary  factors  for  a  suc- 
cessful power  plant — the  foundation,  the  water,  the  finest  stone  in  the 
world,  and  good  railroad  facilities — are  here  in  abundance  and  only 
await  capital. 

Miscellaneous  vieasurements  on  the  Llano  and  its  trvbtUaries, 


Date. 


Stream. 


1902.  1 

Jnne  26 Llano 

August  13 1  Johnson  Fork . 

Do '  Soutli  Llano  . . 


August  14 1  Bear  Creek 


Locality. 


Dis- 
chaise. 


Sec.'frri. 


Above  Llano 

1  mile  above  S^ovia 

One-fourtli    mile    below 
Junction  City. 

Morales  farm 


11 
94 


o 


SAN    SABA   RIVEK,    TEXAS. 


The  San  Saba  River  rises  in  two  springs  near  Fort  McKavett,  in  the 
western  part  of  Menard  Countj^  and  flows  in  an  easterly  direction  for 
over  100  miles  to  its  junction  with  the  Colorado.  Between  Fort 
McKavett  and  Menardville  the  river  is  fed  by  many  springs,  some  of 
which  are  utilized  in  small  irrigation  systems  before  their  waters  join 
those  of  the  San  Saba.     The  largest  of  these  springs  is  known  as  the 
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Wilkinson  spring,  and  is  situated  above  Menardville,  on'  the  farm  of 
W.  J.  Wilkinson,  It  forms  the  headwaters  of  Clear  Creek.  This 
stream  is  only  about  3  miles  long.  Its  waters  are  only  partially 
utilized  for  irrigation  purposes,  but  it  would  easily  irrigate  1,500  to 
2,000  acres.  A  resident  of  thirty  years  states  that  the  flow  of  this 
stream  is  greater  in  the  summer  than  in  the  winter.  However,  the 
variation  is  rather  slight,  so  that  its  capacity  for  irrigation  or  power 
puiposes  would  not  he  subject  to  large  fluctuations. 

Four  miles  above  Menardville  the  Noyes  ditch,  9  miles  long,  is 
taken  out  of  the  San  Saba  and  deflects  most  of  the  normal  flow.  This 
ditch  feeds  an  irrigation  system  both  above  and  below  the  town  of 
Menardville.  Above  Menardville  the  water  of  the  San  Saba  is  used 
for  the  irrigation  systems  of  Byers  and  Striegler  and  for  the  Noyes 
system,  which  lies  above  and  below  Menardville.  The  Sieker  and 
the  Kitchen  ditches,  2  and  5  miles,  respectively,  below  Menardville, 
are  taken  from  the  San  Saba.  For  a  full  description  of  these  irriga- 
tion systems  see  Water  Supply  Paper  No.  71. 

Twelve  miles  below  Menardville  the  river  enters  the  canyons,  which 
it  traverses  for  50  miles.  The  canyons  finally  widen  into  rich  valleys 
at  a  point  known  as  "The  Narrows,"  17  miles  above  the  town  of  San 
Saba,  opposite  the  I'anch  of  HiUiard  Doran.  The  measurement  made 
on  June  24  can  be  relied  upon  as  the  least  flow  of  the  San  Saba,  as  no 
rain  of  any  consequence  had  fallen  on  its  drainage  area  for  nearly  two 
years.  While  the  flow  at  Fort  McKavett  is  more  than  this,  and  while 
Clear  Creek  and  the  smaller  streams  swell  this  flow  above  Menardville 
to  double  this  amount,  the  irrigation  systems  in  Menard  County  prac- 
tically take  all  the  water  out  of  the  river.  When  this  measurement  of 
25  second-feet  was  made  at  "The  Narrows"  the  river  was  reported  as 
not  flowing  above  the  mouth  of  Brady  Creek.  Twelve  miles  above 
San  Saba  the  Sloan  spring  emerges  from  the  foothills  of  the  Edwards 
plateau.  It  has  a  capacity  of  9  second-feet,  and  its  waters  are  utilized 
in  one  of  the  most  effective  itrigation  systems  in  Texas. 

So  far  the  waters  of  the  San  Saba  have  not  been  used  for  power 
purposes  on  the  main  stream,  but  in  its  course  there  are  many  excel- 
lent sites  for  dams  that  would  make  practical  use  of  the  waste  poten- 
tial energy. 
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Miscellaneous  measurements  on  the  San  Saba  and  its  tributuries. 


Date. 


1902. 
August  14  . . 


Do... 

August  15 

I>o... 


June  24. 
June  25. 

Do. 

June  24. 


Stream. 


San  Saba 

Clear  Creek. 

San  Saba 

Noyes  Ditch 

San  Saba 

do 


do  ... 

Mill  Creek 


Locality. 

Dis- 
charge. 

Sec.-ftii. 

1    mile  below  Fort   Mc- 
Kavett. 

26 

9    miles   above  Menard- 
ville. 

25 

North  of  Menard ville 
court-house. 

8 

Near  M.  E.  Church,  Men- 
ard ville. 

28 

Doran's  ranch 

25 

1    mile  below    Doran's 

28 

ranch. 

Bametts  Ford,  above  San 
Saba. 

28 

San  Saba 

8 

GUABAIiUPE  RI^TCR  DRAINAGE  BASIN. 

The  Guadalupe  River  rises  in  the  southern  central  part  of  Texa.s, 
flows  southeast,  and  empties  into  San  Antonio  Bay.  During  the  sum- 
mer of  1902  its  discharge  was  the  least  in  its  o'bserv^ed  historj^,  causing 
much  loss  above  New  Braunfels,  where  half  a  dozen  power  plants 
were  forced  to  shut  down  or  to  run  on  short  time.  The  flow  at  this 
time  was  so  loW  that  special  efforts  were  made  to  obtain  measurements 
at  sevei*al  points  along  its  course.  The  results  of  these  measuremenUi 
are  shown  in  the  accompanying  table. 

Under  the  direction  of  Thomas  U.  Taylor,  the  U.  S.  Geological 
Survey  is  maintaining  a  station  in  this  basin  near  Cuero,  Tex. 

.  GUADALUPE    RIVER   NEAR  CUERO,  TEX. 

This  station  was  established  by  Thomas  U.  Taylor  December  26. 
1902.  It  is  located  at  the  dam  of  Carl  Buchel's  power  house,  3  miles 
north  of  Cuero,  Tex.  The  gage  is  a  plain  staff  graduated  to  feet  and 
tenths.  It  is  mounted  on  the  wall  of  the  power  house  near  the  dam, 
and  is  read  twice  daily  by  Carl  Buchel.  The  initial  point  for  sound- 
ing is  on  the  left  bank.  The  channel  is  straight  for  about  one-fourth 
of  a  mile  above  and  400  feet  below  the  station.  The  right  bank  is 
low  and  liable  to  overflow;  the  left  bank  is  high  and  rock3^  The 
bed  of  the  stream  is  of  clay.  The  bench  mark  is  on  the  crest  of  the 
dam.     Its  elevation  is  the  same  as  the  zero  of  the  gage. 

The  Guadalupe,  while  the  best  water-power  stream  in  Texas,  has  a 
drainage  area  above  Cuero  of  only  6,100  square  miles.  Its  eflioienc}' 
is  due  almost  entirely  to  the  canal  at  New  Braunfels.  Below  New 
Braunfels  the  largest  tributary  is  the  San  Marcos  River. 
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Miscellaneous  measurements  iii  Die  Guadalupe  River  drainage  basin. 


Date. 


1902. 

Au^rust29.. 

August  28.. 

Do 


August  26. 
August  27. 


Au|?UBt  30. . . 
February  22. 


August  26. 
August  12. 


February  22. 
September  9 
March  12... 
October  21 . . 


stream. 


Gaudalupe. 

do  .... 

do  .... 


do 
do 


do 

Comal. 


do 

Johnsons  Fork, 

San  Marcos 

do 

San  Antonio  . . . 
do , 


station. 


Dis- 
charge. 


Comfort 

Near  Walhalla 


6  miles  above  New  Braun- 
fels. 

North  of  New  Braunfels, 
near  cemetery  crossing. 

One-fourth  mile  above 
International  and  Great 
Northern  R.  R.  bridge. 

Below  Erskine  Falls 

Landa  Mill  Race  and  Co- 
mal Spring  Creek. 

do 

On  Kerrville  and  Junction 
City  road  crossing. 

Prairie  Lea 

Westerfield  Ford 

San  Antonio 

Hot  Wells 


Sec.-feeL 
7 
11 
9 

13 

342 

355 
333 

318 
9 

149 

150 

7 

34 


RIO  GRANDE  DRAINAGE  BASIN. 

• 

The  Rio  Gi'ande  rises  in  southern  Coloiudo,  in  the  Rocky  Moun- 
tains, flows  south  through  New  Mexico  and  thence  southeast,  forming 
the  boundary  between  Texas  and  Mexico.  Pecos  River,  which  rises 
in  northern  New  Mexico  and  flows  south  across  eastern  New  Mexico 
and  western  Texas,  is  its  principal  tributary  from  the  north.  The 
Conchos  River  is  its  principal  tributary  from  the  Mexican  side.  The 
determination  of  the  amount  of  water  in  the  Rio  Grande  is  of  impor- 
tance, both  on  account  of  its  use  in  irrigation  and  from  its  bearing 
upon  interstate  and  international  distribution  of  water.  The  New 
Mexico  and  Texas  stations  are  maintained  by  the  International  (Water) 
Boundary  Commission,  and  the  data  are  furnished  by  W.  W.  FoUett, 
consulting  engineer  for  the  Commission.  On  account  of  the  shifting 
character  of  the  river  beds  at  the  international  (water)  boundary  sta- 
tions, no  rating  tables  have  been  prepared.  The  estimated  monthly 
discharges  are  from  daily  discharges,  computed  directly  from  the  dis- 
charge measurements.  The  following  list  includes  the  stations  in  the 
Rio  Grande  drainage  basin: 

Bio  Grande  at  Eagle  Pass,  Tex. 

Las  Moras  Creek. 

San  Felipe  Creek. 

Rio  Grande  below  mouth  of  Devils  River,  Texas. 

Devils  River  at  Devilsriver,  Tex. 
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Pecos  River  at  Moorhead,  Tex. 

Pecos  River,  Margueretta  flume,  and  West  Valley  ditch,  near  Pecos,  Tex. 

Rio  Grande  at  Langtry,  Tex. 

Rio  (irande  below  Presidio,  Tex. 

Rio  Grande  above  Presidio,  Tex. 

Rio  Grande  near  Fort  Hancock,  Tex. 

Rio  Grande  near  El  Paso,  Tex. 

Rio  Grande  near  8an  Marcial,  N.  Mex. 

Rio  Grande  at  water  tank;  Buckman,  near  Rio  Grande,  N.  Mex. 

Rio  Grande  at  Embudo,  N.  Mex. 

Rio  Grande  near  Cenicero,  Colo. 

Rio  Grande  near  Del  Norte,  Colo. 

RIO  GRANDE  AT  EAGLE  PASS,  TEX. 

This  station  was  established  in  April,  1900,  by  the  International 
(Water)  Boundary  Commission.  It  is  a  half  mile  above  the  highway 
bridge  between  Eagle  Pass  and  Ciiidad  Porfirio  Diaz,  Mexico,  and 
about  540  miles  below  El  Paso,  Tex.  During  1902  the  following 
measurements  of  discharge  were  made  by  O.  B.  Powell,  D.  Griggs, 
and  R.  F.  Dowe: 

Discharge  measurements  of  the  Rio  Grande  at  Eagle  Pass,  Tex. 


Date. 


1902. 
January  3  . . 
January  7  . . 
January  10  . 
January  13  . 
January  17  . 
January  25  . 
January  28  . 
January  31  . 
February  4  . 
February  8  . 
February  11 
February  15 
February  18 
February  22 
February  25 

March  1 

March  8 

March  11 ... 
March  15 , . . 
March  18 . . . 
March  22 . . . 
March  25 . . . 


Gage 


height.   I  I>I«charge. 


I 


Feet 
2.3 
2.3 
2.5 
2.6 
2.4 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.1 
2.1 
2.0 
1.9 
1.9 
1.9 
1.8 
1.8 
1.8 


Second-fed. 
2.041 


Date. 


945 
253 
304 
152 
888 
848 
828 
9(55 
017 
054 
957 
034 
916 
954 
901 
826 
600 
550 
478 
415 
431 


a  Partly 


1902. 

March  29 . . . 

April  1 

April  4 

Aprils 

April  12.... 

April  15.... 

April  19 ... . 

April  23 ... . 

April  26.... 

April  29 ... . 

May  3 

May  5 

May  10 

May  13 

Mav  17 

May  19 

May  21 

May  23 

May  26 . 

May  30 

June  3 

June  7 

estimated. 


Gaffe 
height. 


^    ! 


Feet. 
1.8 
1.7 
1.7 
1.7 
1.7 
2.75 
2.0 
1.7 
1.7 
1.7 
1.6 
4.65 
2.2 
2.0 
1.9 
8.0 
2.95 
2.3 
2.1 
1.9 
2.0 
1.8 


SecoK*i-/ert 

i,4a=i 

1,437 
1,314 
1, 270 

i,:u7 

2,976 

i,6:» 

1.377 
1,325 
1,319 
1,261 
8,741» 
1,624 
1,849 
1,42> 

«  34,  :m 

2,609 
2,  ll^ 
1,95H 
1,707 
1,  721 
1.498 
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IHsicharge  mecuturements  of  the  Rio  Grande  <U  Eagle  PoMy  Tea:. — Continued. 


Date. 


1902. 

June  10 

June  14 

June  17 

June  21 

June  24 

June  28 

July  1 

July  2 

July  7 

July  10 

July  12 

July  15 

July  17 

July  19 

July  22 

July  24 

July  26 

July  28 

July  30 

August  2 

August  4 

August? 

August  9 

August  11 

August  15 

August  19 

August  21 

August  23.... 

August  26 

August  28.... 

August  30 

September  2 . 
September  4 . 
September  9 . 
September  10 
September  13 
September  18 
September  20 
September  22 
September  24 


s. 


Gage 
helKnt. 


Fed. 
1.7 
2.2 
1.9 
2.2 
2.0 
1.9 
1.8 
3.7 
1.8 
2.0 
2.9 
4.75 
3.6 
3.3 
3.55 
4.5 
7.5 
6.4 
6.4 
4.85 
4.3 
3.5 
3.55 
3.0 
5.2 
4.1 
3.9 
3.9 
4.4 
4.7 
4.0 
5.9 
5.0 
7.05 
8.7 
7.7 
4.6 
4.1 
4.85 
3.5 


I 


Dincharge. 


Date. 


Gage 
lelirht. 


helg 


Secand/cet.  i  1902. 

1,326   I  September  26 

1,960  '   September  29 

1,517   I  October  1.... 

2,207      October  3.... 

1,544  I   October  6 

1,462   :  October  8.... 

1,369   i. October  10... 

4,248  :   October  13... 

1,360      October  15... 

1,592  j  October  17... 

3, 027  :   October  20. . . 

7,906  I   October  22... 

4,122  !i  October  25... 

3,552      October  27... 

4,495   !  October  29... 

7,404      October  31... 

a  22, 980      November  3.. 

16,676      November  5.. 

17,283      November  7.. 

9,819  '   Noveml^rlO. 

7,741  !   November  12. 

4,987  I   Noveml)erl4. 

5,210  i;  November  17. 

3,915   I  November  19. 

9,600  I   November21.. 

6,050      Nov^nber23. 

5,574      November  26. 

5,523      December  4.. 

7,388  i   December  6.. 

8,3a5      December  9.. 

6,166  Deceml^er  11. 
14,448      Decemljerl3. 

8,649  December  16. 
25,  740  Deceml^r  18. 
30,902  DecemV)er20. 
25,612      December  23., 

8,884      December  26., 

8, 046  December  29, 
10,644      December  31 

5,542 


Feet. 
3.15 
2.9 
2.9 
3.05 
3.5 
2.9 
2.6 
3.0 
2.9 
2.6 
2.5 
2.4 
2.3 
2.3 
2.2 
2.2 
2.8 
2.5 
3.0 
2.4 
2.2 
2.1 
2.1 
2.1 
2.55 
2.1 
2.1 
2.1 
2.1 
2.2 
2.2 
2.2 
2.2 
2.1 
2.2 
2.2 
2.1 
2.1 
2.1 


Discharge. 

Second-feel. 
4,423 
3,890 
3, 826 
4,183 
5,157 
3,743 
3,130 
4,085 
3,356 
3,019 
2,460 
2,335 
2,270 
2,263 
2,078 
2,084 
3,175 
2,671 
3,920 
2,428 
2,279 
2,086 
1,969 
1,963 
2,632 
2,035 
2,056 
2,257 
2,354 
2, 542 
2,582 
2, 559 
2,572 
2,420 
2,557 
2,494 
2,419 
2,402 
2,398 


a  Partly  estimated. 
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8TEEAM    MEASUREMENTS    IN    1902,   PART    III. 
Dailij  gage  height y  in  feet j  of  Die.  Rio  Grande  at  Eagle  PasSy  Tcjc. 


[NO.  ^4. 


Day. 

Jan. 

1.... 

1902. 
i 

«2.30 

2 

2.30 

3 

4 

2.:jo 

2.30 

6 

2.30 

6 

2.30 

7 

2.30 

8 

2.30 

9 

10 

2.45 
2.50 

11 

2.60 

12 

2.50 

13 

2.50 

M 

2.50 

15 

2. 50 

16 

2.45 

17 

2.40 

18 

2.40 

19 

2.40 

20 

2.30 

21 

2.30 

22 

1 

2.30 

23 

1 

2.30 

24 

1 

2.30 

26 

2.20 

26 

'  '  '  1 

2.'2I0 

27 

2.20 

28 

1 

2.20 

29 

1 

2.20 

30 

1 

2.20 

31 

1 

2.20 

"  "1 

Jan.  I  Feb.    Mar.    Apr. 


May.  J"ne. 


I 


2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2. 20 
2.20 
2.20 
2. 20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2. 20 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 


2.00 

2.00 

2.00 

2.0U 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90  ' 

1.90 

1.90  ' 

1.90 

1.90 

1.90  i 

1.90  ' 

1.80 ; 

1.80 
1.80  I 


1.80 


1.80  ) 
1.80  I 
1.80  I 
1.80  I 
1.80  I 
1.80  ' 
1.80 
1.90 
1.80 
1.80 
1.80 


1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.85 
2.40 
2.45 
2.15 
2.00 
2.00 
1.85 
1.80 
1.80 
1.75 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 


1.70 
1.70  ' 
1.60 
3.95 
4.70  I 
3.15 
2.75  i 
2. 45 
2.35  ! 
2.15  ' 
2.00  I 
2.00  ' 
2.00  j 
2.00  I 
1.90  I 
1.90  t 
1.90  , 
4.45  I 
7.35  1 
3.75 
2.75 
2.35  ! 
2.30  ' 
2.25  ' 
2.20  ' 
2.10  ! 
2.10  I 
2.00 
1.95 
1.90 
2.30 


2.15 
2.10 
2.05 
1.95 
1.90 
1.80 
1.80 
1.80 
1.75 
1.70 
1.70 
1.70 
1.90 
2.25 
2.ft5 
2.00 
1.90 
2.20 
2.00 
1.90 
2.20 
2.30 
2.25 
2.00 
1.90 
1.90 
2.00 
1.90 
1.85 
1.80 


July.  Aug.  1  Sept. 


1.80 
3.65 
2.35 
1.96 
1.85 
1.80 
1.75 
1.70 
1.96 
1.95 
2.30 
2.90 
2.75 
4.45 
4.60 
3.80 
3.55 
3.30 
3.30 
3.30 
3.20 
3.35 
3.30 
4.05 
5.00 
7.40 
6.45 
6.30 
6.40 
6.36 
5.80 


5.35 
4.90 
4.55 
4.25 
4.20 
3.90 
3.65 
3.80 
3.70 
3.85 
3.05 
3.00 
2. 95 
3.20 
5.15 
4.35 
4.05 
3.95 
4.10 
4.10 
3.85 
3.65 
3.85 
3.75 
3.90 
4.25 
4.85 
4.65 
4.25 
4.00 
4.55 


I 


5.25 
5.75 
5.10 
4.95 
6.30 
5.90 
5.90 
6.25 
7.25 
8.60 
8.90 
8.00 
7.60 
6.95 
6.00 
5.35 
4.9C 
4.60 
4.40 
4.00 
3.85 
4.85 
4.35 
3.60 
3.30 
3.15 
2.ft5 
2.90 
2.90 
2.90 


Oct. 


2.90 
3.00 
3  10 

3.ao 

3.00 
3.40 
3.15 
2.85 
2.65 
2.55 
2.45 
2.50 
3.00 
2.90 
2.85 
2. 75 
2.65 
2.,% 
2.60 
2.50 
2.50 
2.45 
2.40 
2.40 
2.90 
2.30 
2.30 
2.30 
2.20 
2.20 
2.20 


Nov.  I  I>e<:. 


1 


2.20 

2,  .so 

2.55 

2.50 

2.65 

2.96 

2.75 

2.55 

2.40 

2.30 

2.20 

2.20 

2.10 

2-10 

2.15 

2.20 

2.10 

2.10 

2-10 

2.40 

2.10 

2.10 

2.10 

2.25 

2.20 

2.00 

2.20 

2. 15 

2.15 


EdimaUd  monthly  dixcfiarge  of  the  Rio  Grande  at  Eagle  PasSy  Tej-. 


s    !       « 


2.  \*' 
2.  IP 
2.K 


2.7.1 


3.«» 

2-a> 

2.-*'.> 
2.20 
2.  A) 
2.2U 
2.JD 
2-i 
2-IC 
2.1-5 
2.  JU 
2.20 
2-*.3» 
2.1'^ 
2.15 
2-.\' 
2.  IS 
2.10 
2. 10 
2.10 
2.10 
2.10 


Discharge  in  second-feet. 


Month. 


January  

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Maximum. 

2,300 

2, 050 

1,900 

2,260 

29,200 

2,330 

22,400 

12, 140 

32,000 

4,920 

3,800 

8,400 

32,000 


Minimum. 


Mean. 


1,830 
1,830 
1,420 
1,270 
1,260 
1,330 
1,270 
3,800 
3,890 
2,080 
1,930 
2,260 


1,260 


2,052 

1,973 
1,606 
1,448 
3,382 
1,648 
6,094 
6,539 
12,868 
3,070 
2,385 
2,904 

3,831 


Total  in  acre- 
feet. 


126,  INM 

109,  5>7 

98,  737 

86,  ivj 

207,  'M\7 

98,  orin 

374, 717 

402, 070 

765,  71^.» 

188,  7S7 

141,  m: 

178,5:t? 


O     TT 


2.  778,  487 
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UlS  moras  creek,  TEXAS. 

Las  Moras  Creek,  which  rises  in  the  town  of  Bracikettville,  Kinney 
C/Ount3' ,  Tex.,  and  empties  into  the  Rio  Grande  about  25  miles  above 
Eag'le  Pass,  has  had  a  variable  record  since  measurements  have  been 
made  upon  it.  In  December,  1895,  C.  C.  Babb  found  a  total  discharge 
of  21  second-feet.  In  June,  1898,  the  '"Bi-ackett  flood"  occurred, 
as  described  in  Water-Supply  Paper  No.  50,  page  344,  and  Las  Moras 
showed  an  increased  flow  up  to  the  latter  part  of  1901.  The  flow  was 
measured  by  T.  U.  Taylor  in  June,  1899,  when  it  had  a  discharge  of 
60  second-feet  at  Mulligan's  bend,  one-fourth  mile  below  the  court- 
house; in ,  1900,  when  a  flow  of  51  second-feet  was  found  at 

the  same  section;  in  December,  1901,  when  a  flow  of second-feet 

was  obtained,  and  in  1902  two  checked  measurements  on  September  2 
and  3  each  gave  a  discharge  of  only  11  second-feet. 

SAN  FELIPE   CREEK,  TEXAS. 

San  Felipe  Creek  has  its  source  in  four  large  springs.  These  springs 
are  all  above  the  Southern  Pacific  Railroad  bridge,  1  mile  east  of 
Del  Rio,  at  distances  from  200  yards  to  2  miles.  Measurements  have 
been  made  on  the  San  Felipe  since  December,  1895,  when  C.  C.  Babb 
found  a  joint  discharge  on  the  creek  and  of  Madre  ditch  (which 
includes  the  total  flow  of  the  springs)  to  be  99  second-feet.  The  fol- 
lowing measurements  have  since  been  made  by  and  under  the  direction 
of  T.  U.  Taylor:  In  June,  1899,  a  joint  flow  of  84  second-feet;  Sep- 
tember, 1900,  a  joint  flow  of  149  second-feet;  in  December,  1901,  a 
flow  of  150  second-feet,  and  in  September,  1902,  a  flow  of  115  second- 
feet  were  obtained.  The  variation  in  the  flow  is  caused  by  an 
increased  rainfall  in  the  Edwards  Plateau  to  the  north  of  Del  Rio. 
An  increased  flow  is  found  in  all  of  the  outlets  of  the  underground 
waters  of  the  plateau  which  stretches  from  the  Southern  Pacific  Rail- 
road north  to  the  Texas  Pacific  Railroad.  The  crest  of  increased  flow 
follows  the  increased  i^ainfall  in  the  highlands  to  the  north. 

BIO   GRANDE   BELOW   MOUTH   OF   DEVILS   RIVER,  TEXAS. 

This  station  was  established  in  April,  1900,  by  the  International 
(Water)  Boundary  Commission.  It  is  alongside  the  Southern  Pacific 
Railway  track,  about  a  half  mile  below  the  mouth  of  Devils  River  and 
about  480  miles  below  El  Paso. 

IBR  84—03 11 
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STREAM   MEA8UBEMENTS    IN   1902,  PART   lU. 


[no.  84. 


DiscJiarge  meaauremenia  of  the  Rio  Grande  near  DevU^river,  Tex. 
[Made  by  James  P.  Ha^ue.  J.  D.  Dillard,  and  A.  L.  Wilcox.] 


Date 


1902. 
January  6 

January  10 

January  14  . 

January  19  . 

January  23  . 

January  26  . 

January  30  . 

February  5  . 

February  10 

February  13 

February  17 

February  20 

February  24 

March  2 

March  5 

March  9 

March  12... 

March  16 . . . 

Marcli  20 . . . 

March  24  . . . 

March  28  . . . 

April  3 

April  8 

April  11  .... 

April  14  ... . 

April  19 ... . 

April  26  ... . 

May  1 

May  6 

May  10 

May  16 

May  20 

May  24 

May  29...   . 

June  3 

June  7 

June  11 

June  15 

June  19 

June  24  ... , 

June  28 

July  3 


DischarKe. 

fkcond-/eet. 
2.152 


3.9 

Ml 
2, 

944 

3.8 

2, 

591 

3.7 

1 

2, 

147 

3.5 

2, 

107 

3.5 

1, 

955 

3.5 

1, 

865 

3.5 

1, 

943 

3.5 

2, 

034 

3.5 

2, 

048 

3.5 

2, 

071 

8.5 

2, 

172 

3.5 

2, 

,037 

3.4 

,826 

3.3 

,697 

3.3 

,592 

3.3 

,716 

3.3 

,672 

3.2 

,579 

3.25 

,622 

3.1 

,496 

3.1 

,438 

3.1 

,405 

3.1 

,379 

4.6 

,393 

3.25 

,488 

3.1 

,  253 

3.1 

,243 

3.4 

,671 

3.2 

,379 

3.3 

,558 

3.95 

,654 

3.4 

,600 

3.3 

,426 

3.4 

,620 

3.3 

,398 

3.3 

,471 

3.5 

,807 

3.4 

,662 

3.35 

,556 

3.4 

,502 

3.4 

^ 

,497 

1902. 
July  8 

July  12 

July  15 

July  20 

July  24 

July  29 

August  2 

August  6 

August  11  ... 

August  15  ... 

August  19  . . . 

August  23  . . . 

August  28  . . . 

September  1 . 

September  5 . 

September  9 . 

September  13 

September  17 

September  19 

September  23 

September  27 

October  2 

October  6 

October  10. . . 

October  14... 

October  18... 

October  22. . . 

October  25... 

October  30... 

Noy ember  2  _ 

November  6  . 

Noyember  10 

November  14 

November  18 

November  22 

November  26 

December  2.. 

December  8.. 

December  13. 

December  18. 

December  23. 

December  30. 


DiscliaiKc. 


Feet, 

Srron<i-frt1. 

3.55 

1,765 

4.3 

3,204 

5.75 

6,4^0 

4.7 

3,875 

6.8 

9,735 

9.1 

15,560 

6.5 

8,779 

5.3 

4,998 

4.85 

4,106 

6.85 

10,000 

5.6 

6,038 

5.7 

6,a57 

6.3 

8,205 

7.15 

10,467 

8.7 

14,  587 

11.75 

29.431 

9.65 

19, 549 

6.35 

10,061 

6.1 

8,StW 

5.35 

5,602 

4.85 

4,13:J 

4.7 

3,748 

5.0 

4,497 

4.4 

2,889 

4.65 

3,393 

4.35 

2,856 

4.2 

2,491 

4.15 

2,451 

4.05 

2,226 

4.75 

3,795 

4.85 

3,^47 

4.1 

2,  .353 

3.95 

2,117 

3.9 

2,025 

3.9 

2,027 

3.9 

2,095 

3.9 

2.052 

4.0 

2,168 

3.95 

2,112 

3.9 

2,074 

3.9 

2,051 

3.9 

2,041 

NEWELL.J 
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Day. 


Daily  gage  height ,  infert,  of  the  Rio  Grande  nettr  DevHsrrirer^  Tej\ 

May.  Junc.'.Tuly.  Aug 


Jan. 


1. 
•> 


3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
II. 
15. 
16. 
17. 
IH. 
19. 
120. 
21. 
22. 
23. 
24. 
25. 
•26. 
27. 
2S. 
29. 
30. 


1902. 


I 


3.60 
3.60 
3.60 
3.60 
3.65 
3.  SO 
3.60 
3.50 
3.90 
3.85 
3.80 
3.80 
3.80 
3.80 
3.70 
3.70 
3.70 
3.70 
3.70 
3.60 
3.60 
3.60 
3.60 
3.50 
3.50 
3..'iO 
3.50 
3.50 
3.50 
3.50 
3.50 


3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.60 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.60 
3.50 
3.50 


3.50 
3.40 
3.50 
3.45 
3.90 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.90 
3.90  , 
3.30  ' 
3.30  ' 
3.30  I 
3.30 
3.30 
3.20  I 
3.20 
3.20  ' 
3.20  I 
3.20 
3.25  ' 
3.20  I 
3.10 
3.10  I 
3.10 
I  3. 10 
3.10  • 
3.10 


3.10 
8.10 
3.10 
3.10 
3.10 
8.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.40 
4.10 
3.70 
8.50 
3.40 
3.40 
3.30 
3.15 
3.10 
3.10 
3.10 
3. 10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 


3.10 
3.10 
3.10 
4.80 
3.75 
3.55 
3.60 
3.35 
3.20 
3.20 
3.10 
3.10 
3.10 
3.10 
3.10  I 
3.20 
3.20  ' 
10.00  I 
5.60  I 
3.95 
3.75  ' 
3.45  1 
3.40  \ 
3.40  j 
3.65 
3.50  ' 
3.40  I 
3.40 
3.30 
4.20 
4.20 


3.80 
3.50 
3.40 
3.40 
3.90 
3.30 
3.30 
3.30 
3.30 
3.30 
3.35 
3.60 
3.75 
3.65 
3.50 
3.50 
3.50 
3.50 
3.40 
3.90 
3.95 
3.80 
3.50 
3.40 
3.40 
3.40 
3.40 
3.40 
3.35 
3.30 


6.25 
3.75 

I 

,  3.40 

I  3.35 

'  3.30 

I  3.30 

I  3.30 

'  3.50 

3.40 

4.05 

4.40 

4.20 

5.35 

6.60 

5.60 

5.15 

4.80 

4. 85 

4.75 

4.70 

4.95 

4.85 

5.65 

6.60 

10.16 

9.55 

8.00 

8.40 

9.20 

8.  as 

7.55 


6.85 
6.45 
6.20 
6.96 
5.65 
5.25 
5.90 
5.60 
4.95 
4.75 
4.70 
4.60 
4.50 
7.50 
6.a5 
6.00 
6.00 
5.95 
5.60 

5.a'S 

5.65 
5.65 
5.70 
5.60 
5.95 
6.75 
6. 95 
6.20 
5.90 
6.30 
7.25 


Sept. 


7.35 
7.25 

-I 

7.30  I 
8.65  I 
8.00  ' 
8.60 
9.70 
11.65 
!l2.75 
!l0.90 
10.40 
9.  .50 
8.45 
7.30  I 
6.65  I 
6.a5  1 
i  6.05  ; 
.5.95 
5.60  I 
6.10 
6.55  ! 
5.30 
5.00 
4.80 
4.90 
4.85 
4.70 
4.70 
4.70 


Oct. 


4.70 
4.70 
.5.10 
4.80 
5.00 
4.95 
4.65 
4.45 
4.40 
4.40 
4.35 
4.75 
4.75 
4.65 
4.55 
4.45 
4.40 
4.85 
4.:«) 
4.30 
4.20 
4.20 
4.15 
4.10 
4.10 
4.00 
4.05 
4.10 
4.10 
4.10 
4.10 


Nov. 


4.35 
4.60 
4.35 
4.35 

4.30 ; 

4.85  ' 
4.56 
4.35 
4.20  ! 
4.10  I 
4.a5 
4.00  ' 


3.90 


S.90  < 

3.90 

3.90 

3.90 

3.90 

3.90  ' 

8.90  I 

3.90  • 

3.90  I 

3.95 

4.20 

3.95 

3.90 

4.05 

3.90 

3.90 

3.90 


Dec. 


3.90 
3.90 
3.85 
3.80 
3.96 
4.05 
4.05 
4.00 
3.90 
4.00 
4.00 
4.00 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.95 
3.90 
3.90 
3.90 
3.90 
.3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 


Estimated  uwnOily  discharge  of  the  Rio  Grande  near  DenlsrireVf  Tcj.: 


Month. 


1902. 


January  . . 
February . 

March 

April 

Maj'   

J  une 

July 

August  — 
September. 
October  . . . 

Xoveniber . 
December 


DiKcharge  in  second-feet. 
Maximum.  '  Minimum.         Mean. 


2,940 

2,170 

1,940 

8,  270 

28,000 

2,650 

18,700 

12,200 

;^5,  500 

4,770 

3, 850 

2,  250 


The  year 35, 500 


1,860 
1,880 
1,500 
1,250 
1,240 
1,400 
1,360 
3,460 
3,700 
2, 150 
2,030 

i,9:w 

1,240 


Total  in  acre- 
feet. 


2,246 
2,022 
1,646 
1 , 5:^5 
2,656 
1 ,  755 
6,372 
7,071 
12, 122 
3, 037 
2,400 
2,080 


3,  745 


138, 129 
112,304 
101,  217 
91,  359 
163,339 
104,450 
391,  795 
4:«,  797 
721,  329 
186,744 
142, 790 
127,  914 


2,  716, 167 


164 


STREAM  MEA8UKEMKNTS    IN    1902,  PABT   III. 


[so.  M. 


DEVILS   RIVER  AT   DEVIL8RIVER,  TEX. 

This  station  was  established  in  April,  1900,  by  the  International 

(Water)  Boundaiy  Commission.     It  is  opposite  the  Southern  Pacific 

.Railway  station  at  Devilsriver.     The  river  is  about  50  miles  in  length, 

has  a  perennial  flow,  and  during  flood  periods  is  subject  to   great 

fluctuations. 

Discharge  measurements  of  Detvls  RinT  at  Devihriver,  Tejc. 
[Made  by  James  P.  Hague,  J.  D.  Dillard,  and  A.  L.  Wilcox.] 


Date. 


1902. 
January  h  ... 
January  11  . . 
January  18  . . 
January  22  . . 
January  29  . . 
February  6  . . 
February  9  . . 
February  1()  . 
February  28  . 

Mart'li  1 

March  8 

March  17 

March  28 

March  29 

April  4 

Aprils 

April  15 

April  25 

May  5 

May  9 

May  19 

May  28 

May  28 

June  2 

June  14 

June  23 

June  27 


Guge 
height. 


Feet. 
2.0 
2.1 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
1.9 
2.3 
2.0 
4.0 
2.4 
2.2 
2.2 
2.1 
2.a5 
2.0 


DiNt^harge. 


!l 


Date. 


Srcond-feet. 
497 
488 
495 
489 
472 
490 
453 
474 
5a5 
497 
503 
493 
490 
486 
479 
475 
487 
4.'« 
656 
446 
2, 479 
742 
582 
536 
483 
470 
448 


1902. 

Julv2 

Julv  11 

Julv  19 

July  28 

August  5 

August  14 

August  20  . . . 
August  28  . . . 
Septeml)er  4  . 
8i»pteml)er  12 
S<»ptember  16 
S<*ptember  18 
SoptemlHjr  26 

October  5 

OctolKjr  13... 
()ctol)er21... 
()cto]>er29... 
November  5  . 
Novemlwr  13 
Noveml)er  22 
Noveml)er  26 
December  2.. 
December  8. . 
December  13. 
Deceml:)er  18. 
December  23. 
December  30. 


Gage 
height. 


Fort. 
2.0 
2.0 
2.0 
2.1 
2.0 
2.0 
2.0 
2.0 
2.25 

9   O 

2.2 
2.2 
2.15 
2.15 
.2.15 
2.1 
2.1 
2.15 
2.15 
2.15 
2.1 
2.25 
2.15 
2.1 
2.1 
2.05 
2.05 


Difichargv*. 


Serond-fefi. 
425 
431 

418 
466 
415 
431 

4a«^ 

406 
M3 
447 
445 
42S 
492 
443 
4;^5 
421 
419 
429 
4:?2 
414 
392 
499 
42S 
402 
415 
389 
386 


N  SWELL.] 


RIO    GRANDE    DRAINAGE   BASIN. 


165 


Daily  gage  height ^  infeely  of  Devils  River  at  DeiiUricer,  Tex. 


Day. 


Jan.  '  Feb. 


1.. 
2.. 
3.. 
A.. 

5.. 

6.. 

i . . 

8.. 

9.. 
10.. 
11.. 
12.. 
13.. 
14.. 
15.. 
16.. 
17.. 
!«.. 
19.. 
20.. 
21 . . 
22.. 
23.. 
24.. 
25. . 
26.. 
27.. 
28.. 
29.. 
30.. 
31.- 


1902. 


2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.05 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 


2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 


Mar.  1  Apr. 


2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 


I 

2.00 

'  2.00 

2.00 

,  2.00 

'  2.00 

2.00 

2.00 

'  2.00 

I  2.00 

I  2.00 

2.00 

.  2.00 

'  2.20 

2.10 

2.00 

2.00 

2.00 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 


May.  June.  July. 


1.90 

1.90 

1.90 

3.00 

2.40 

2.20 

2.10 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

'  2.00 

I  5.95 

4.05 

'  2.95 

I  2.65 

2.45 

2.40 

2.40 

I  2.25 

j  2.20 

2.20 

;  2.20 

2.20 

I  2.20 

\  2.20 


2.20 

2.20 

2.20 

2.20 

'  2.20 

'  2.20 

2.20 

2.20 

I  2.20 

I  2.20 

2.20 

2.10 

2.10 

:  2.10 

I  2.10 

j  2. 10 

'  2.10 

2.10 

2.10 

'  2.10 

\  2. 10 

'  2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 


2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.60 
2.15 
2.05 
2.00 
2.00 


Auk. 


2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 


Sept. 


2.00 
2.00 
2.00 
2.25 
2.05 
2.00 
3.80 
2.25 
2.20 
2.20 
2.20 

.  2.20 
2.10 
2.20 

i  2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2. 15 
2.15 
2.15 
2. 15 
2. 15 


Ot!t. 


2.10 

2.20 

2.85 

2.25 

2.15 

2. 15 

2. 15 

2.10 

2.10  i 

2.10 

2.10 

2.10  ' 

2.10 

2.10  I 

2.10 

2.10  I 

2.10  I 

2.10 

2.10  I 

2.10 

2.10  I 

2.10  I 

2.10 

2.10 

2.10 

2.10 

2.10 

2.10 

2.10 

2.10 

2.10 


Nov 


2.10 
2.40 
2.85 
2. 25 
2.16 
2.15 
2. 15 
2.15 
2.16 
2.15 
2.15 
2. 15 
2.15 
2.15 
2. 15 
2.15 
2. 15 
2. 15 
2.15 
2. 15 
2.15 
2.15 
2.15 
2.15 
2. 15 
2.10 
2.10 
2.10 
2.10 
2.10 


X/GCa 


2.20 
2.30 
2.20 
2. 15 
2.16 
2.16 
2.16 
2.15 
2.16 
2.16 
2.16 
2.10 
2.10 
2,10 
2.10 
2.10 
2.06 
2.10 
2.10 
2.10 
2.10 
2.05 
2.05 
2.05 
2.06 
2.06 
2.06 
2.06 
2.06 
2.05 
2.06 


JC^ti mated  mmUhly  discharge  of  Deals  River  at  Devilsrirerj  Tejc. 


Month. 


1902. 
January 

February 

Mar«^h 

April 

May  - 

June 

July 

August 

September 

Octol^er 

November 

December 

The  year 


Dischaixo  in  sccjond-feet. 


Maximum.     Minimum 


Mean. 


500 
500 
500 
590 
5,380 
560 
880 

4:^ 

2,200 
530 
660 
535 


470 
450 
490 
440 
440 
4:i5 
420 
405 
4a5 
420 
390 
380 


5,380 


380 


488 
480 
494 
469 
815 
491 
443 
414 
510 
433 
436 
414 


491 


Total  in  arre- 
feet. 


29,990 
26,638 
30, 367 
27,907 
50, 102 
29,207 
27, 213 
25, 458 
30,367 
26, 618 
29,514 
25, 438 

:i55,  219 
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STftfiAM   MP^ASUREMEKTS    IN    1902,  PART   III. 


[NO.  M. 


PECOS   RIVER   NEAR   MOORHEAD,  TEX. 

This  station  was  established  by  the  International  (Water)  Boundary 
Commission  in  April,  1900.  It  is  near  Moorhead,  immediately  above 
the  high  bridge  of  the  Southern  Pacific  Railway. 

DUcharge  rjieasuremenUt  of  Pecos  River  near  Moorheaily  Tex, 
[Made  by  Jamefl  P.  Hagiie,  J.  D.  Dlllard,  and  A.  L.  Wilcox.] 


Date. 


Gase 
height. 


Discharge. 


.1902.  f\et. 

January  4 j       1.4 

January  8 |      2. 1 


January  18  . 
January  10  . 
January  25  . 
January  28  . 
February  1  . 
February  8  . 
February  12 
February  15 
February  19 
February  22 

Maroli  4 

March  7 

March  11  . . . 
Man^h  14 . . . 
March  19 . . . 
March  22  . . . 
March  26 . . . 
Mantli  80 . . . 

April  1 

April  (5 

April  10.... 
April  18.... 
April  20 ... . 
April  25  . . . . 
April  80  . . . . 

May  8 

May  7 

May  11 

May  17 

May  21 

May  25 

May  80 


2.1 

1.9 

1.6 

1.6 

1.6 

1.4 

1.65 

1.6 

1.6 

1.7 

1.8 

1.8 

1.3 

1.2 

1.2 

1.2 

1.15 

1.1 

1.1 

1.0 
.9 

1.85 
.9 
.9 
.9 

1.4 

1.  85 
.9 
.8 

1.1 
.9 
.8 


Second-feet. 
608 
967 
943 
842 
581 
536 
499 
502 
686 
612 
609 
6:^8 
487 
487 
457 
426 
.862 
.360 
.344 
870 
878 
848 
298 
718 
311 
277 
250 
460 
430 
249 
2,35 
322 
255 
231 


Date. 


1902. 

June  4 

June  8 

June  12 

June  17 

June  20 

June  25 

June  29 

July4 

Julv9 

July  13 

July  17 

July  21 

July  25 

July:^ 

August  3 

August  7 

August  12  . . . 
August  16  . . . 
August  21  . . . 
August  25  . . . 

August  29 

September  2  . 
September  6 . 
September  10 
September  14 
Septeml>er  18 
September  20 
September  25 
Septeml)er  30 

October  4 

Octobers 

October  12... 
(>ctol)er  16... 
Octol)er20... 


1     Ga«e 
height. 

Discharge. 

Feet. 

Second-frrt 

0.7 

zw 

2r>i 

.  7 

24(» 

1.5 

W:» 

1.1 

ail 

1.7 

64i 

1.2 

3^4 

.9 

*£sl 

.8 

*2^\ 

.  7 

2:17 

1.7 

fm 

2.35 

1.0H7 

2.9 

1,5:)! 

3.6 

2,0:5«i 

4.2 

2, 7fi; 

2.45 

1, 2in.» 

1.8 

71^* 

1.9 

7M 

2.0 

851 

1.6 

57? 

1.3 

4«^ 

1.2 

374 

2.a5 

8s:> 

1.55 

&>J 

1.85 

742 

1.6 

m^ 

1.55 

fWS 

1.35 

477 

1.3 

4:^1 

1.45 

464 

1.3 

42i> 

1.3 

42:1 

1.3 

43» 

1.3 

416 
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Discharge  measuremenU  of  Pecos  River  near  Moorhead,  Tex. — Continued. 


Date. 

Gage 
height. 

Discharge. 

Date. 

Gage 
height. 

Dittchargi'. 

1902. 

Fe^i. 

Second-feet. 

1902. 

Feet. 

Second-fed. 

October  24 

1.25 

1.2 

1.5 

421 
404 
521 

November  28 

December  3 

December  7 

1.3 
1.3 
1.3 

392 

October  28 

365 

November  3 

375 

November  7 

1.3 

440 

December  11 

1.55 

507 

November  11 

1.25 

423 

December  16 

1.4 

398 

November  15 

1.3 

420 

December  22 

1.4 

420 

November  20 

1.25 

412 

December  27 

1.4 

410 

Daily  gage  heighty  infeety  of  Pecos  River  near  Moorkeady  Tex. 


Day. 

Jan. 

Fet). 

1.60 
1.30 
1.80 
1.30 
1.30 
1.20 
1.30 
1.40 
1.40 
1.40 
1.40 
1.60 
1.65 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.70 
1.70 
1.70 
1.60 
1.60 
1.60 
1.60 

****** 

Mar. 

Apr. 

1.10 

1.10 

1.10 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

.90 

.90 

.90 

2.20 

3.25 

1.60 

1.70 

1.30 

1.10 

1.10 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

Hay. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1.20 
1.-25 
1.86 
1.40 
1.40 
1.40 
1.30 
1.30 
1.30 
1.20 
1.20 
1.30 
1.30 
1.30 
1.20 
l.iW 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 

Nov. 

Deo. 

1902. 
1 

1.40 
1.40 
1.40 
1.40 
1.30 
1.30 
1.30 
1.95 
2.05 
2.00 
•2.00 
2.20 
2.10 
2.10 
2.10 
1.90 
1.80 
1.80 
1.80 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 

1.60 
1.40 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.15 
1.16 
1.15 
1.15 
1.10 
1.10 

0.90 

.90 

1.20 

.90 

.90 

1.35 

1.40 

1.15 

1.10 

1.00 

.90 

.90 

.90 

.90 

.90 

.90 

.85 

10.40 

1.85 

1.10 

1.10 

1.10 

1.00 

.90 

.90 

.90 

.90 

.90 

.80 

.80 

1.20 

1.05 

.90 

.80 

.70 

.70 

.70 

.70 

.70 

.70 

.70 

.70 

.70 

.80 

.70 

.60 

.70 

1.60 

1.30 

1.10 

l.ft5 

1.00 

.95 

.80 

1.55 

1.60 

1.35 

1.20 

1.05 

1.20 

1.05 

1.25 
1.10 
1.10 
.90 
.90 
.90 
.85 
.80 
.80 
.80 
.75 

3.85 
3.96 
4.20 
4.30 
3.35 
2.70 
2.40 
2.25 
2.05 
1.95 
1.85 

1.20 
1.26 
1.80 
1.45 
4.05 
2. 15 
1.85 
1.80 
1.65 
1.75 
1.90 
2.05 
2.05 
1.85 
1.65 
l.CO 
1.70 
2.30 
1.75 
1.55 
1.50 
1.50 
1.40 
1.45 
1.40 

i.a5 

1.80 
1.30 
1.80 
1.30 

1.20 
1.20 
1.45 
1.45 
1.35 
1.30 
1.30 
1.30 

i.a5 

1.40 
1.30 
1.30 
1.80 
1.30 
1.30 
1.20 
1.20 
1.20 
1.25 
1.30 
1.80 
1.40 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 



1.30 

2 

1.30 

3 

1.30 

4 

1.30 

5 

1.30 

C 

1.30 

<............•••.•..•••-. 

1.30 

8   

1.30 

9     

1.35 

10 

1.55 

11 

1.60 

12 

.70     1.80 
.70     1-fiO 

1.60 

13        

1.80 

14 

15   

.70 
.75 
.80 
•2.00 
2.90 
2.90 
2.50 
2.30 
2.30 
2.30 
2.50 
3.00 
3.35 
3.50 
3.50 
3.56 
3.60 
3.75 

1.90 
1.85 
2.00 
2.55 
2.50 
2.25 
2.15 
2.00 
1.90 

La's 

1.65 
1.55 
1.60 
1.40 
1.35 
1.30 
1.25 
1.20 

1.50 
1.50 

16       

1.40 

17        

1.40 

18 

19 

20 

21 

•22 

•23 

24           

1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 

Oh           

1.40 

Ofi 

1.40 

27      

1.40 

28        

1.40 

29        

1.40 

30   

1.40 

31      

1.40 
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[xo.  ^ 


Estimated  monthly  discharge  of  Pecos  Rirer  near  Moorhead,  Tex. 


Month. 


1902. 

Januar\' 

February 

Man^h 

April 

May 

June 

July 

August 

September 

October 

N()venil)er 

Deoeml)er 

The  year 


Discharge  in  second-feet. 


Maximum. 


Minimum. 


1,000 

450 

640 

430 

610 

340 

1,760 

250 

11,100 

230 

590 

210 

2,160 

235 

2,880 

425 

2, 370 

375 

740 

405 

500 

390 

535 

365 

11,100 


210 


Mean. 


675 
559 
421 
411 
640 
319 
885 
1,074 
678 
430 
425 
414 

578 


TotaJ  in  acre- 
feet. 


41,514 
31,041 
25,KS4 
24,4*W> 
39,^1' 
18, 952 
54,  :iS7 
66,  OiHj 
40,334 
26, 421) 
25,l»Hy 
25, 47S 


419, 1U7 


PECOS    RIVER,    MARGUERETTA   FLUME,   AND   WEST  VALLEY  DITCH,    NEAR 


PECOS,  TEX. 


The  .summer  flow  of  Pecos  River  is  largel}^  dependent  upon  numer- 
ous springs,  which  occur  in  the  limestone  countrj'  in  the  vicinity 
of  Roswell  and  below.  Owing  to  the  numerous  diversions  for  irri- 
gating purposes,  however,  the  river  would  he  dry  in  the  summer 
where  it  crosses  into  Texas  were  it  not  for  the  waters  which  are  grad- 
uall}''  returning  to  the  river  through  seepage.  This  water,  unfortu- 
natel}',  is  impregnated  to  a  considei-able  extent  with  alkali,  which 
renders  it  undesinible  for  irrigating  purposes. 

The  station  on  the  Pecos  River  was  established  Januarv  I,  1898,  bv 
Thomas  U.  Taylor,  and  is  located  a})out  6  miles  above  Pecos,  Tex.,  at 
the  flume  of  the  Margueretta  Canal  Company.  This  canal  diverts  the 
water  from  the  Pecos  River  3  miles  above  the  flume  from  the  west 
side  of  the  river.  The  main  canal  flows  for  3  miles  on  the  west  side 
of  the  river  and  then  is  taken  by  the  flume  across  the  Pecos  River  to 
the  east  side.  However,  before  it  reaches  the  flume  the  West  Vallev 
canal  is  taken  out  of  the  main  canal  and  is  made  to  carry  water  to 
the  alfalfa  farms  on  the  west  side  of  the  river.  The  gage  consists  of 
a  graduated  strip  of  wood  attached  to  one  of  the  vertical  bentj^  of  the 
flume  on  the  upper  side  of  the  same.  The  bench  mark  is  on  the  top 
of  the  west  abutment  or  pier  on  the  north  side,  and  its  elevation  L» 
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20.70  feet  above  the  datum  of  the  gage.  The  channel  at  this  point  is 
nearly  straight,  the  water  at  low  stages  leather  sluggish,  the  banks 
high,  and  the  bottom  sandy.  The  gage  heights  on  the  flume  are 
obtained  by  measuring  the  depths  of  the  water  in  the  flume  at  the 
west  end.  The  zero  of  this  gage  is  at  the  bottom  of  the  flume.  The 
gages  of  the  river  have  no  connection  with  each  other  except  that  they 
are  geographicall}'  at  the  same  place  on  the  river  and  have  the  same 
observer,  Willard  H.  Dennis,  who  reads  both  gages.  For  the  yeara 
1901  and  1902  Mr.  Dennis  has  also  taken  the  measurements  of  the  flow 
of  the  Pecos,  the  flume,  and  the  ditch  at  this  station.  The  measure- 
ments are  made  above  the  flume  by  wading,  a  wire  being  stretched 
across  the  river  and  tagged  every  4  feet.  A  full  description  of  the 
canals  and  ditches  in  this  section  is  given  on  page  62  of  Water-Supply 
Paper  No.  13. 

Discharge  measurements  of  Pecan  River  ami  Marffuereitn  flume  near  Pecon,  Tex, 


Date. 


1902. 

September  29 

Octobers 

OrtoberB 

October  10 

October  14 

October  18 

October  21 

Octol)er  24 

October  27 

Novem>)er  3 

Deceiiiljer  *^ 

December  4 

December  6 


Ga^e  height 
Pecos  River. 

Pecos  River 
discharge. 

FeH. 

S4'iifnid-/€ct. 

2.00 

119 

2.00 

109 

2.40 

153 

2.20 

132 

2.00 

103 

2.10 

127 

2.15 

120 

2.00 

107 

2.30 

162 

1.90 

97 

3.60 

390 

3. 30 

306 

2.80 

221 

Maisueretta 

mime 
discharge. 


tSrcond-feet. 

115 
106 
117 
132 
123 
126 


130 
126 

82 
87 
99 
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STREAM   MEASUREMENTS   IN    1902,  PART   lU. 
Discharge  of  West  Valley  ditch  near  Pecos,  Tex. 


[FCM. 


Date. 


1902. 
March  24  . . 
March  31  . . 

April  8 

April  14  . . . 
April  21  ... 
April  28  . . . 

May  5 

May  12  ... . 
May  18.... 
May  26  ... . 

June  2 

June  9 


Date. 


10 
10 
10 
14 
16 
14 
16 
14 
16 
16 
18 
14 


1902. 

June  16 , 

June  23 

June  29 

July  6 

August  24 

August  31 

September  7  . 
September  14 
September  21 
September  28 
October  3 ... . 
October  5  . . , 


DiH- 
charge. 


1902. 
October  6  _ . 
October  10  . 
October  13  . 
October  14  . 
October  18  . 
October  19  . 
October  21  . 
October  26  . 
October  27  . 
November  2 
November  3 


Sec.-/rrL 


Daily  gage  heiglU,  in  feet,  of  Pecos  River  near  Pecoit,  Tex. 


Day. 

Jan. 

4.90 
5.10 

Feb. 

Mar. 

1 
Apr. 

1902. 
1 

2.80 
2.80 
2.70 
3.30 
3.50 
3.50 
3.55 
3.55 
3.50 
3.45 
2.95 
3.00 
3.70 
4.05 
4.a5 
3.90 
3.90 
3.80 
3.45 
3.10 
3.10 
3.05 
2.95 
2.90 
2.85 
2.80 
2.70 
2.60 

2.60 
2.70 
2.70 
2.70 
2.65 
2.60 
2.55 
2.45 
2.40 
2.40 
2.a5 
2.30 
2.30 
2.30 
2.25 
2.20 
2.20 
2.a5 
1.85 
1.65 
1.50 
1.50 
1.50 
1.55 
1.50 
1.50 
1.60 
1.40 
1.30 
1.25 
1.05 

0.90 
.90 
.85 
.85 

.85 

2 

3 

5.00 
5.00 

4 

5 

4.9f: 
5.00 
4.90 
4.30 
4.00 
3.95 
3.85 
3.45 
3.15 
8.00 
2.95 
2.90 
2.80 
2.80 
2.80 
2.75 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2,70 

6 

.90 

7 

.90 
.80 
.65 
.55 
.50 
.50 
.50 
.50 
.50 
.50 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26. 

27 

28 

29 

30 

31 



0.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.50 
.55 
.65 
.80 
.70 
.70 
.70 
.65 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 


June. 

July. 

Aug. 

Sept. 

0.50 

1.10 

4.45 

2.00 

.50 

1.10 

3.85 

2.00 

.50 

1.10 

3.65 

2.00 

.50 

2.00 

3.55 

2.00 

.50 

1.65 

3.20 

3.15 

.50 

1.35 

3.05 

3.80 

3.65 

1.10 

4.00 

2.90 

3.55 

1.10 

4.20 

2.75 

4.75 

1.10 

3.56 

3.15 

6.50 

1.75 

4.00 

8.35 

5.25 

5.30 

5.05 

3.15 

3.10 

9.60 

7.65 

8.10 

1.95 

12.00 

5.15 

2.90 

1.50 

7.70 

4.25 

2.80 

1.15 

6.00 

3.75 

2.45 

1.05 

6.10 

3.55 

2.10 

1.00 

4.55 

3.40 

2.05 

5.50 

3.96 

3.35 

2.00 

6.56 

8.85 

3.25 

2.05 

3.70 

6.45 

3.05 

2.10 

2.85 

8.70 

2.90 

2.46 

2.50 

8.60 

2.70 

2.50 

1.75 

11.70 

2.55 

2.40 

1.60 

13.90 

2.50 

2.00 

1.30 

12.35 

2.60 

2.70 

1.15 

9.40 

2.36 

2.60 

1.10 

7.95 

2.30 

2.40 

1.10 

7.70 

2.20 

2.15 

1.10 

7.35 

2.15 

2.00 

1.10 

6.85 

2.05 

2.00 

5.90 

2.00 

2.00 

2.00 

2.10 

2.10 

2.30 

2.45 

2.20 

2.10 

2.10 

2.15 

2.15 

2.10 

2.10 

2.0S> 

2.10 

2.10  ( 

2.10  ' 

2.10 

2.25 

2.30 

2.10 

2.10 

2.10 

2.0O 

2.30 

2.30 

2.30 

2.30 

2.15 

2.05 

2.00 


6 

14 
i:} 

1.^ 

12 

11 

i 
f 


Oct-  '  Not.    I»ec. 


1.90 

1.95 

2.00 

2.<» 

2.00 

2.00 

2.00 

2.00 

2.05 

2.10 

2.10 

2.10 

2.10 

2.00 

2.00 

2.00 

2.00 

2,00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.10 

2.15 

2.00 

2.00 

2.00 

2.15  I 

2.40  ; 


3.  Co 
loP 
S.» 
2.73 

2.  Si 

2.r. 

2.1* 
2.S 

1  :•' 

2.T? 
i7c 
iTC 
2.« 

2.5*' 

2.& 

2-* 

2.ai 

2.75 
X9 
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Daiiy  gage  height,  infeety  of  Margueretta  flume  near  Pecos,  Tex, 


Day. 

Jan. 

Feb. 

1902. 
1 

2,95 
3.00 
3.00 
3.00 
3.06 
3.10 
3.00 
2,78 
2.85 
2.85 
2.85 
•2.75 
2.80 
2.78 
2.78 
2.80 
2.80 
2,90 
2.85 
2.80 
2.80 
2.85 
2.80 
2.80 
2.75 
2.76 
2.75 
2.75 
2.75 
2.75 
2.72 

2.52 
2.50 

2 

3 

2.50  ; 

4 

2.65 
2.60 
2.55 
2.55 
2.65 
1.40 
1.40 

5 

6 

7 

8 

9 

10 

11 

1.25 

12 

1.35 

13 

1.72 

14 

2.60  , 

15 

2.50  ' 

16 

2.40 
'2.40 

17 

18 

2.40 

19 

2.35 

•20 

2.20 

•21 

•2.20 
2.20 
2.20 
2.10 
2.80 
2.40 
2.50 
2.40 

'22 

23 

24 

■25 

2G 

•27 

28 

29 

30 

31 

Mar. 


•2.50 
2.50 
2.60 
2.60 
2.60 
2.60 
2.60 
2.58 
2.55 
2.60 
2.52 
2.42 
2.50 
2.45 
2.25 
2.25 
2.40 
•2.40 
2.40 
2.35 
2.48 
2.40 
2.40 
1.85 
1.90 
2.00 
2.00 
2.05 
2.10 
1.80 
1.90 


2.00 

1.96 

1.85. 

1.85 

1.60 

1.60 

1.55 

1.50 

1.60 

1.40 

1.65 

2.10 

2.25 

2.20 

2.00 

1.76 

1.75 

1.80 

1.80 

1.90 

1.90 

1.70 

1.40 

1.35 

1.45 

1.65 

1.65 

1.76 

1.00 

1.65 


1.75 
1.86 
•2.00 
1.85 
1.70 
1.65 
1.70 
1.70 
1.70 
1.55 
1.50 
1.60 
1.60 
1.60 
1.75 
2.10 
2.05 
•2.00 
1.85 
1.60 
1.50 
1.60 
1.60 
1.75 
2.00 
1.95 
1.70 
1.65 
1.60 
1.45 
1.55 


June. 


July. 


1.85 
1.96 
1.60 
1.45 
1.62 
1.65 
2.60 
2.60 
2.55 
1.75 
1.95 
2.80 
2.82 
2.32 
l.th 
1.50 
1.60 
2.26 
2.40 
2.50 
2.45 
2.20 
2.30 
2.20 
2.05 
1.85 
1.75 
1.68 
1.65 
1.90 


1.90 
1.75 
1.75 
2.05 
2.20 
1.65 
1.80 
L80 
1.95 
1.80 
1.45 
1.90 
3.20 
2.50 
1.10 
.60 
.15 
.00 
.00 
1.15 
2.05 
3.10 
3.35 
3.65 
3.50 
3.10 
2.30 
2.50 
2.00 
.55 
.00 


Aug. 


0.00 

.00 

.60 

1.26 

1.55 

1.90 

2.30 

2.85 

.85 

.95 

3.00 


Sept. 


3.00 
8.00 
2.90 
2.80 
2.25 
2.25 
2.15 
1.65 
2.85 
2.15 
1.60 
1.50 
1.50 
1.60 
1.60 
2.05 
2.20 
2.25 
2.30 


2.80 
2.30 
2.80 
2.16 
1.60 
3.00 
1.86 
1.10 
1.26 
1.35 
1.15 
1.60 
1.40 
.80 
1.00 
1.70 
1.70 
1.50 
2.65 
2.10 
1.80 
1.80 
1.85 
2.10 
•2.20 
2.05 
2.10 
2.10 
•2.10 
2.06 


Oct. 


•2.16 

2.25 

2.35 

2.20 

2.40 

2.80 

2.00 

2.00 

2.10 

2.10 

2.05 

•2.05 

2,10 

•2.10 

2.10 

2.10 

'2.20 

•2.20  ' 

'2.10  j 

•2.10  ! 

2.30  I 

2.30  i 

•2.80  I 

2.40 

2.45 

2.85 

2.35 

2.40 

2.80 

2.30 

2.30 


Nov. 


2.20 
2.80 
2.25 
2.30 
2.&5 
2.80 
2.30 
2.30 
2.25 
2.^20 
2.20 
•2.20 
2*20 
2.15 
2.15 
2.10 
2.10 
•2.10 
2.10 
2.10 
2.15 
2. '20 
'2.20 
2.20 
2.20 
2.20 
2.15 
2.15 
2. -20 
2.00 


Dec. 


Raiing  table  for  Pecos  River  near  Pecos  j  Tex.,  for  190^.  " 


2.15 
2.15 
1.96 
2.05 
2.15 
2.10 
2.05 
2.10 
'2.16 
2.20 
2.20 
2.20 
2.20 
'2.20 
2.30 
2.25 
2.20 
2.20 
2,20 
2.20 
2.20 
2.30 
'2.30 
'2.80 
2.30 
2.20 
•2.30 
2.30 
2.30 
2.80 
2.30 


Gaxe 
eight. 

Discharge. 

Feet. 

Srroml-fert. 

1.7 

1.8 

83 

1.9 

90 

2.0 

98 

2.1 

107 

2.2 

117 

2.3 

128 

2.4 

140 

2.6 

154 

2.6 

170 

2.7 

186 

2.8 

204 

2.9 

222 

Gage 
height. 


Fat. 
3.0 
3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 
4.0 
4.1 
4.2 


I  Dit<ehaige. 

Secnnd-feft. 
240 
260 
280 
302 
324 
348 
372 
398 
425 
453 
482 
512 
542 


Gage 
height. 

Difteharge. 

hei^t. 

I)isK>harge. 

i-fed. 

Seeond/eet. 

Second-feet. 

4.3 

574 

8.0 

2,022 

4.4 

606 

8.5 

2,222 

4.5 

640 

9.0 

2,422 

4.6 

674 

9.5 

2,622 

4.7 

710. 

10.0 

2,822 

4.8 

746 

10.5 

3,022 

4.9 

784 

11.0 

3,222 

5.0 

822 

11.5 

3,422 

5.5 

1,022 

12.0 

3,622 

6.0 

1,222    1 

12.5 

3,822 

6.5 

1,422 

13.0 

4,022 

7.0 

1,622 

13.5 

4,222 

7.5 

1,822 

a  This  1»  made  up  from  mt^OHuroment.s  of  the  river  only;  doen  not  include  ditch  or  flume. 
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STREAM   MEA8UEEMEXTS    IN    1902,  PART   ITI. 


[NO.  M 


Edimated  monthly  diBcharge  of  Pecos  River  near  Pecm^  Tex. 


Discharge  in  aecond-feet. 


Month. 


Minimum. 


1902. 
January 
February 
March  1  to  19  « 
June  7  to  13  and  18  to  23  a 
July  10  to  31  a 
August 
September 
October 
November 
December 


Mean. 


Total  in 
acre-fe«ft. 


381 
3(H 
144 
577 
1,881 
383 
167 
112 
102 
205 


2:5,41': 

16,  Nv: 

5, 4.si 

14, 87> 
82,0Nl 
23,^X1 

9,9;>: 

6,ss 
12,5H5 


a  Ah  no  diiKharge  meafturements  have  been  made  at  low  water,  diachaiges  for  ga^e  heights  of  le« 
than  1.7  feet  can  not  be  computed.  Gage  height  of  1.7  feet  corresponds  to  a  diacharg'e  of  77  netiwd- 
feet.  For  period.H  not  covered  by  above  table  discharges  were  leas  than  77  second-feet.  See  labW  lA 
gage  heightJi. 

RIO   GRANDE   AT   LANGTRY,  TEX. 

This  station  was  established  in  April,  1900,  by  the  Intenrntional 
(Water)  Boundary  Commission.  It  is  located  one-half  mile  south  of 
Langtry  station,  on  the  Southern  Pacific  Railway,  and  is  about  44*' 
miles  below  El  Paso,  Tex.,  at  the  eastern  end  of  the  canyon  section 
of  the  Rio  Grande,  and  a  short  distance  to  the  west  of  the  mouth  of 
Pecos  River,  one  of  the  principal  tributaries  of  the  Rio  Grande. 

Discharge  mecLsnirements  of  the  Rio  Grande  at  Langtry,  Tex. 
[Made  by  Jas.  P.  Hague  and  J.  D.  DiUard.] 


Date. 


1902. 
January  3  . . . 
January  7  ... 
January  9  . . . 
January  12... 
January  17... 
January  20... 
January  24... 
January  27 . . . 
January  31 . . . 
February  3  . . 
February  7  . . 
February  11  . 


Gage 
height. 


Feet. 

0.9 

".9 

.9 

.9 

1.0 

1.0 

.9 

1.0 

.95 

1.0 

1.0 

.95 


Discharge, 

Secmid-feet. 

806 
684 
592 
649 
589 
651 
554 
636 
563 
571 
563 
550 


Date. 


Gaj 
he 


Sage 
pighl. 


1902. 
February  14 
February  18 
February  21 
February  25 
February  28 

March  3 

March  6 

March  10 . . . 
March  13... 
March  15 . . . 
March  18... 
March  21 . . . 


fhcL 

0.d5 
1.0 
.9 
.9 
.9 
.8 
.8 
.8 
.8 
.8 
.75 


.75 


Diiachari^ 

Stttmd'/'yt. 

541- 
577 

51- 
51'^ 
Wl 
4M 
4d' 
4o> 
454 
447 

44^ 

.   4^^ 
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Discharge  measurements  of  the  Rio  Grande  at  Langiryy  Tejc, — Continued. 


Date. 


1902. 

Manh  25 

March  27 

March  31 

April  2 

April  5 

April  9 

April  12 

April  17 

April  21 

April  24 

April  28 

Mav  2 

^lav  5 

« 

Mav  8 

May  12 

May  15 

May  18 

Mav  22 

Mav  26 

Mav  81 

m 

June  5 

June  9 

June  13 

June  17 

June  21 

June  26 

July  1 

Julv  5 

July  10 

July  14 

July  18 

July  22 

Julv  26 

July  31 

August  4 


FseL 
.7 

.65 
.65 
.65 
.65 
.65 
1.0 
.7 
.65 
.65 
.6 

1.35 
.65 
.6 
1.1 
2.2 
.75 
.7 
1.7 
.75 
.7 

1.35 
1.0 
1.8 
.7 
1.9 
.85 
2.95 
5.0 
2.35 
3.0 
8.0 
5.45 
3.4 


Discharge. 


Saxmd-feeL 

391 

403 

370 

362 

373 

361 

368 

591 

378 

318 

304 

283 

845 

310 

286 

656 

1,899 

362 

329 

1,189 

358 

305 

797 

501 

1,269 

316 

1,360 

382 

3,067 

6,696 

2,125 

2,997 

12,962 

7,599 

3,902 


1902. 

August  8 

August  13 

August  18 

August  22 

August  26 

August  30 

September  3 . 
September  7 . 
September  11 
September  20 
September  24 
September  28 
September  30 

October  3 

October  7 

October  11... 
October  15. .. 
October  19... 
October  23... 
Octol)er27... 
October  31... 
November  4  . 
November  8  . 
November  12 
November  16 
Noveml)er  20 
November  24 
November  28 
Deceml>er  1 . . 
December  5.. 
December  10. 
December  15. 
December  20. 
December  26. 


Fcrt 
2.95 
2.3 
3.95 
4.0 
5.9 
5.45 
5.15 
7.95 
10.65 
3.8 
3.1 
2.6 
2.7 
2.75 
2.35 
2.8 
2.35 
2.0 
1.8 
1.7 
1.65 
1.7 
1.8 
1.5 
1.4 
1.35 
1.35 
1.3 
1.3 
1.9 
1.35 
1.35 
1.4 
1.35 


DischaiKC 

Srcotid-feet. 

3,060 

2,043 

5,.066 

5,263 

9,328 

8,268 

7,843 

14, 979 

23, 471 

4,749 

3,261 

2,360 

2,532 

2,523 

1,957 

2,661 

2,011 

1,540 

1,317 

1,202 

1,142 

1,222 

1,324 

1,032 

939 

868 

863 

815 

779 

1,434 

839 

831 

893 

845 
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Daiiy  gage  height,  in  feet ,  of  the  Bio  Grande  at  Langtry,  Tex. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Au^. 

4.75 
3.80 
3.40 
3.25 
2.90 
3.70 
3.70 
2.80 
2.66 
2.60 
2.60 
2.45 
4.65 
6.25 
5.65 
5.25 
4.40 
3.95 
3.95 
4.05 
3.95 
3.90 
3.75 
4.45 
5.10 
.5.90 
.=>.  15 
4.60 
4.55 
5.60 
6.40 

Sept. 

(H*t. 

Not. 

2.55 
1.96 
2.15 
1.95 
2.85 
2.55 
2.00 
1.80 
1.65 
1.56 
1.30 
1.50 
1.45 
1.45 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.35 
1      l-3-> 
j     1.35 
1.35 
1.40 
1.70 
1.40 

i.ari 

1.30 
1.30 

\^. 

1902. 
1 

0.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

1.10 

1.10 

1.10 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

.95 

.90 

.95 

LOO 

1.00 

1.00 

1.00 

.90 

0.90 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

.95 

.95 

.95 

.96 

.95 

.90 

.90 

1.00 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

0.90 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.75 
.75 
.75 
.75 
.75 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.65 
.65 

0.65 
.65 
.66 
.65 
.65 
.65 
.65 
.66 
.66 
.65 
.66 
.65 
2.96 
1.00 
2.15 
2.05 
1.40 
.80 
.80 
.80 
.80 
.76 
.70 
.65 
.65 
.65 
.65 
.65 
.65 
.65 

0.65 

.60 

.60 

.70 

1.55 

.80 

.65 

.66 

.66 

.65 

.65 

.60 

.60 

.76 

1.10 

.95 

.80 

2.45 

1.16 

.85 

.80 

.75 

.75 

1.30 

.80 

.75 

.75 

.76 

1.60 

1.60 

1.60 

1.00 

.85 

.80 

.80 

.76 

.76 

.70 

.70 

.70 

1.00 

1.36 

1.70 

1.40 

1.25 

1.20 

1.10 

1.10 

1.45 

1.80 

1.80 

1.80 

1.10 

1.00 

.85 

.75 

.70 

.70 

1.70 

.70 

4.10 

1.65 
.90 
1.00 
.90 
.85 
.90 
1.10 
1.20 
2.20 
3.05 
2.80 
2.90 
7.00 
4.80 
3.90 
3.50 
2.56 
2.45 
2.95 
2.60 
3.20 
2.90 
4.35 
4.00 
10.45 
7.60 
7.45 
7.75 
8.10 
5.80 
5.45 

.190 
5.80 
5.45 
6.40 
7.00 
7.85 
8.10 
10.40 
14.65 
12.95 
10.65 
10.05 
8.85 
7.25 
6.40 
5.70 
5.05 
4.35 
4.06 
8.95 
6.25 
5.06 
3.55 
3.06 
2.95 
2.90 
2.75 
2.65 
2.70 
2.70 

2.80 
3.10 
3.40 
3.20 
3.40 
2.65 
2.40 
2.20 
2-20 
2.10 
2.75 
2.70 
2.(i0 
2.55 
2.30 
2,20 
2.15 
2.05 
2.00 
1.95 
1.90 
1.85 
1.80 
1.80 
1.75 
1.7.5 
1.70 
1.70 
1.70 
1.65 
1.60 

L3* 

2 

L.4» 

3 

1  ^' 

4 

1  r* 

5 

L"l- 

6 

1  •*'• 

7 

1  bl< 

8 

1     •'i 

9 

1   ^i- 

10 

L*' 

11 

L    VT 

12 

1  .^' 

13 

1  S* 

14 

15 

L5' 
1    3 

16 

1  *» 

17 

1  ^ 

18 

1   m 

19 

1  -r* 

20 

1  4} 

21 

I  ie 

22 

1.  w 

1  ♦'■ 

23 

1   l>! 

24 

1  • 

25 

1   9\ 

26 

1    b 

27 

1      -I.) 

28 

l.li> 
1  ?.* 

29 

30 

1  J.S 

81 

I  £» 

Efdimated  monthly  diwharge  of  the  Rio  Grande  at  Langtrtfy  Tex. 


Month. 


1902. 
January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November , 

December 

The  year 


Discharge  in  second-feet. 


Total  In 
«cpe-fet-i_ 


40,7^ 
30,0^ 
26,  71 1 

44,  a>! 
30?),2lri 
04vV,  4  ->t 

664,  C^*-- 

119, 7^: 

70,  Sir 

56.  ;i:o 


*i.  1 ,  776,  (S3 
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RIO   GRANDE   BELOW   PRESIDIO,  TEX. 

This  station  was  established  April  8,  1900,  by  the  International 
(Water)  Boundary  CommLssion.  It  is  6  miles  below  Presidio,  also 
below  the  mouth  of  Conchos  River,  and  about  215  miles  below  El  Paso. 
It  is  at  the  western  end  of  the  canyon  section  of  the  Rio  Grande. 
The  discharge  at  this  station,  minus  the  discharge  at  the  station  above 
Presidio,  Tex.,  gives  the  discharge  of  the  Conchos,  except  at  i-are  inter- 
vals when  some  rain  water  enters  the  Rio  Grande  from  the  north. 

DiKharge  measuremenis  of  the  Rio  Grande  below  Presidio,  Tex.  « 
[Made  by  S.  D.  Church  and  J.  P.  Ha^rue.] 


Dale. 


1902. 

March  3 

March  6 

March  10 

March  12 

March  14 

March  17 

March  19 

March  21 

Manh  24 

March  26 

March  28 

April  2 

April  4 

April? 

April9 

April  11 

April  14 

April  16 

April  18 

April  21 

April  23 

April  25 

May  5 

May  7 

May  9 

May  12 

May  20 

June  6 

Jane  9 

a  Ko  mettBurementfl  for 


4.2 

4.2 

4.1 

4.0 

3.9 

3.9 

3.9 

3.8 

3.8 

3.7 

3.7 

3.7 

3.7 

3.7 

3.6 

3.6 

3.6 

3.6 

3.6 

3.5 

3.5 

3.5 

3.4 

3.4 

3.4 

3.4 

3.5 

3.9 

6.85 
Jantwrjr 


Discharge. 


Second-feet. 
98 
85 
77 
58 
52 
51 
48 
41 
35 
30 
32 
32 
32 
29 
26 
25 
22 
23 
22 
20 
•  21 
20 
1-3 
12 
11 
10 
8 
7 
405 


Date. 


Discharge. 


1902.  /Vrf. 

Juiiell 4.7 

June  13 5.2 

Junel6 4.7 

June  20 4.5 

July  2 8.55 

July  4 5.0 

July  7 7.3 

July  9 8.9 

July  14 8.05 

July  16 8.  2 

July  18 7.65 

July  21 '  9.4 

July  22 '  11.0 

July  24 12.15 

July  26 12.2 

July  28 11.4 

July  30 9.6 

August  1 8. 9 

August  4 7. 6 

AugU8t6 8.3 

I  Augusts 7.7 

I  AugustlO 8.3 

August  12. 10.8 

August  14 10.2 

AugU8tl6 10.25 

AugustlS 9.75 

August  20 9.85 

AugU8t22 ' 9.8 

August24 i  11.3 


Second-feet. 

26 

74 

30 

15 

2,275 

170 

517 

3,086 

2, 156 

2,265 

1,473 

4,883 

9,539 

13,  706 

14,352 

10, 579 

5,313 

3,601 

1,854 

1,909 

1, 528 

1,794 

7,030 

5,999 

6,082 

4,971 

5,426 

5,416 

8,831 


and.  February,  1902.     paily  flow  compute  from  gage  record. 


\ 
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Discharge  meiuturetnents  of  the  Bio  Grande  below  PretidiOy  Tex. — Continiied. 


Date. 


Gaxe 
height. 


1902. 

August  26 

August  28 

August  30 

September  1 . 
September  4 . 
September  8  . 
September  9  . 
September  11 
September  15 
September  17 
September  19 
September  20 
September  22 
September  24 
September  25 
September  27 
September  29 

Octol)er  1 

October  3 

October  6 

Octobers 

October  10... 
October  13... 
October  15... 
October  17. .. 


Fert. 
10.0 
11.4 
11.45 
10.15 
12.85 
16.75 
13.7 
12.5 
10.5 
8.3 
8.2 
7.7 
7.5 
7.5 
7.5 
7.3 
7.15 
7.1 
6.85 
6.65 
7.6 
7.2 
6.8 
6.6 
6.4 


DlschazKe. 


Date. 


G 

hei^ 


iSht. 


Second-feet. 

5,776 

10, 361 

10,522 

5,781 

15, 932 

32, 962 

23,771 

17,686 

7,169 

3,669 

3,396 

2,652 

2, 125 

2,125 

2,157 

1,933 

1,742 

1,617 

1,438 

1,245 

2,230 

1,,963 

1,758 

1,080 

1,010 


1902. 
Octo>)er  20. . . 
October  23... 
October  25... 
October  27... 
October  30... 
November  1 . . 
November  4-. 
November  7.. 
November  10, 
November  13. 
November  16. 
November  19. 
November  22. 
November  25. 
November  28. 
December  1 . . 
December  6.. 
December  9.. 
December  12. 
December  15. 
December  18. 
December  21 . 
De(«mber  24. 
December  27. 
December  30. 


Feet. 
6.2 
6.a5 
6.0 
5.8 
6.05 
5.7 
5.65 
5.4 
5.4 
5.2 
5.15 
5.1 
5.05 
5.0 
5.0 
6.5 
5.4 
5.2 
5.2 
5.35 
5.3 
5.25 
5.05 
5.05 
5.05 


IkiUy  gage  heigJU,  iiifeel,  of  the  Rio  Grande  helmtj  Preddio,  Tejc. 


Day. 


I  Jan. 


1902. 


1. 
2. 
3. 
4. 
6. 
6. 
7. 
8. 


5.00 
4.95 
4.90 
4.80 
4.90 
5.15 
5.40 
5.35 


9 '  5.25 

10 1  5.15 


11. 
12. 
13. 


5.10 
5.10 


5.10 


■4 5.00 


Feb. 


4.  HO 
4.75 
4.65 
4.60 
4.60 
4.60 
4.70 
4.65 
4.55 
4.45 
4.40 
4.40 
4.85 
4.30 


Mar. 

Apr. 

May. 

June. 

July. 

4.20 

3.70 

3.45 

8.90 

4.76 

4.20 

3.70 

3.40 

3.90 

8.16 

4.20 

3.70 

3.40 

3.90 

5.50 

4.20 

3.70 

3.40 

8.90 

5.00 

4.20 

3.70 

3.40 

3.90 

5.00 

4.20 

3.70 

3.40 

3.90 

6.60 

4.20 

3.70 

8.40 

3.90 

7.45 

4.15 

3.70 

3.40 

5.60 

8.40 

4.10 

3.60 

3.40 

7.40 

9.10 

4.10 

3.60 

3.40 

5.30 

11.60 

4.10 

3.60 

3.40 

4.70 

12.20 

4.00 

8.60 

3.40 

4.70 

10.30 

3.90 

3.60 

3.40 

5.20 

9.15 

3.90 

3.60 

4.35 

6.10 

8.06 

Aug.  I  Sept. 


8.70 

8.20 

7.90 

7.66 

7.70 

8.45 

7.56 

7.70 

7.60 

8.40 

11.60 

11.40 

10.40 

10.80 


I 


10.60 
10.20 
11.10 
12.85 
14.25 
16.60 
17.96 
16.65 
14.00 
12.90 
12.65 
12.45 
12.15 
11.06 


Diflchau^ 


SrromdrJe»i, 

906 
fAo 
815 
721 
8^ 
711 
61*7 
5S7 
58> 
532 
'  485 
4S1 
446 
43) 
4l:i 
974 
542 
4<^ 
4\rl 
574 
.V^> 
4M 
401 
41n 
401 


Oct.    Nov. '  Dec 


7.10  ; 
8.15  ' 
6.K5 
6.80 
6.80 
6.65 
7.45  I 
7.65  . 

7.45 ; 

7.25  I 
7.10  ' 
6.90 
6.80 
6.70 


5.80 

6.65 

7.25 

5.80  ' 

5.65 

5.50  ! 

5.45 

5.40 

5,40 

5.40 

&.aD 
5.ao 

5.15 

5.20 


5-S 
6.3B 
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JJaily  getge  heightj  infect^  of  the  Rio  (irand^  })€lmo  I^esidio,  Tex. — Continiie<l. 


Day. 


Jan.  1  Feb 


Mar. 


Apr. 


1902. 


15- 
10. 
17. 
IH. 
19. 
JO. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


5.00 
4.90 
4.80 


4.30 
4.30 
4.30 


4.90 

4.30 

5.15 

4.30 

5.15 

4.30 

5.00 

4.30 

5.00 

4.25 

4.90 

4.20 

4.80 

4.20 

5.10 

4.20 

5.30 

4.20 

5.30 

4.20 

6.20 

4.20 

5.15 

5.00 

4.90 

1 

3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.80 
3.80 
3.80 
3.80 
3.80 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 


3.60 
3.60 
3.60 
3.60 
3.60 
3..'iO 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.60 
8.50 
3.50 


May. 


3.80 
3.60 
3.60 
3.50 
3.50 
3.60 
3.50 
3.50 
3.50 
3.50 
5.55 
4.00 
3.90 
3.90 
3.90 
3.90 
8.90 


June.   July, 


Aug. 


4.85 
4.70 
4.80 
4.55 
4.56 
4.90 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.30 
4.30 


Sept. 


7.70 

8.20 

7.80 

7.65 

7.40 

9.80 

9.40 

12.25 

12.60 

12.10 

12.10 

12.75 

12.00 

11.50 

10.50 

9.60 

8.95 


10.10 

10.20 

9.70 

9.90 

9.90 

9.85 

10.00 

9.95 

10.80 

11.40 

11.40 

10.20 

10.80 

11.50 

11.55 

11.40 

11.30 


10.55 
9.35 
8.50 
8.30 
8.15 
7.75 
7.60 
7.50 
7.60 
7.50 
7.45 
7.50 
7.36 
7.25 
7.15 
7.10 


Oct. 


Nov. 


6.60 

6.50 

6.40 

6.30 

6.20 

6.20 

6.20 

6.10 

6.05 

6.00 

6.00 

5.90  ' 

5.80 

5. 80  J 

6.80 

6.00  ' 

5.85  I 


5.20 
5.15 
6.10 
5.10 
5.10 
5.10 
5.10 
5.0) 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
6.00 
5.00 


Dec. 


I 


5.35 
5.40 
5.30 
5.80 
5.30 
5.20 
5.25 
5.10 
5.10 
5.05 
5.05 
5.05 
5.06 
5.05 
5.  Off 
5.06 
5.00 


Estimated  monthly  discharge  of  the  Rio  Grande  below  PremdiOj  Tex. 


Month. 


1902. 
January 

February 

March 

April 

May 

June 

Julv 

August 

Septenilier 

October 

November 

December 

The  year 


Dlscharjft'  In  socond-feet. 


Maximum. 


350 

220 

100 

30 

15 

625 

17,100 

10,900 

45,000 

3, 320 

2,000 

1,070 

45, 000 


Minimum. 

Mean. 

220 

259 

100 

'     141 

30 

59 

20 

24 

10 

11 

10 

48 

40 

5, 918 

1,300 

.    r.,702 

1,680 

10,  755 

720 

1,305 

415 

590 

380 

493 
2,109 

10 

Total  in  acre- 
feet. 


15,907 

7,835 

3, 610 

1,448 

674 

2,866 

363,  888 

350, 618 

639, 947 

80, 212 

35, 098 

30,  317 


1,532,420 


RIO   GRANDE   ABOVE   PRESIDIO,    TEX. 

This  station  was  established  April  4,  1900,  by  the  International 
(Water)  Boundary  Commission.  It  is  7  miles  above  Presidio  and 
alx>ve  the  mouth  of  Conehos  River,  one  of  the  principal  tributaries  of 
the  Rio  Grande,  and  is  about  200  miles  }>elow  El  Paso.  Its  location 
is  far  enough  above  the  mouth  of  Conchos  River  to  be  free  from  the 
effects  of  backwater  from  that  stream. 

IRR  84—03 12 


178 


STREAM    MEASUREMENTS   IN   1902,  PART   HI. 


[NO.  84. 


Discharge  measurements  of  the  Rio  Grande  above  PretidiOj  Tex." 

[Made  by  J.  P.  Hague.] 


Date. 

Gage 
height. 

Discharge. 

* 

1                  Date. 

Gage 
height. 

1 
Diffcliarge, 

1902. 
July  5 

Feet. 
1.4 
4.0 
4.1 
2.55 
1.95 
1.55 
7.3 
5.6 
2.15 
1.75 
.9 

Second-feet. 

53 

857 

943 

289 

-143 

61 

2,683 

1,326 

193 

62 

14 

1902. 
Auirust  11 

5.5 

2.65 

2.4 

2.0 

3.45 

2.1 

2.0 

.7 
1.5 
1.0 

.8 

Second-Jfft 

1,254 

July  10 

August  13 

18S 

July  12 

Auffust  15 

16.1 

July  15 

September  2 

September  5 

September  8 

1  September  10 

October  12 

107 

July  17 

635 

July  19 

186 

July  23 

9H 

July  25       

15 

July  29 

November  3 

November  5 

Novembers 

6() 

July  31 

13 

August  2 

9 

a  No  measurements  made  at  this  station  during  January,  February,  and  December.  19Q2. 
Daily  flow  computed  from  gage  record.  River  was  dry  during  May  and  June.  1902. 

Daily  gage  height^  in  feel,  of  the  Rio  Grande  above  Presid-io,  Tex. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Not.  . 

Ihre. 

1902. 
1 

1.20 
1.20 
1.10 
1.00 
1.10 
1.3.') 
l.CO 
1.50 
1.50 
1.10 
1.40 
1.40 
1.40 
1.30 
1.30 
1.20 
1.10 
1.80 
1.50 
1.50 
1.40 
1.40 
1.80 
1.20 
1.50 
1.G5 
1.70 
1.60 
1.60 
1.50 
1.40 

1.30 
1.30 
1.26 
1.20 
1.20 
1.30 
1.40 
1.10 
l.CO 

1.60 
0.d5 

3.55 
3.55 
4.85 
4.^ 
3.40 
4.35 
3.65 





1.65 
0.75 





0.60 

0. 90         2-  Si 

2 

• 

3.05 
0.75 
1.95 
1.40 

S.55        0  7u 

3 

1  7.>        0.3' 

4 

1.20 

5 

1.20 

1  00 

6 

0.90 
1.05 
0.85 
0.25 



7 

8 

0.55 

2.15 
2,00 
1.90 
0.80 

9        

10 

4.05 
6.45 
8.90 
2.75 
2.80 
2.55 
2.15 
1.85 
1.50 
1.50 
320 
5.25 
4.80 
7.40 
6.55 
5.70 
3.70 
2.80 
2.60 
2.30 
2.26 
1.75 

1.20 
6.50 
5.20 
2.50 
3.10 
2.20 
1.15 

11 

1.20 
1.10 
0.90 
0.70 
0.50 
0.30 
(«) 

12 

13 

14 

15 

16 

17 

1 

1 

18 

! 

I 

19 

i 

1 

20 

21 

22 

•  *  «  «  «  • 

23 

24 

"••••" 1 •- 

25 

26 

27 

•  •  •  «  «  * 

28 

--• 1 

29 

...... 

•*•••*]  —  --• 

80 

: t 

81 

'        1 

1 

1          1 

(( 


On  days  for  which  there  are  no  gage  heights  the  river  vraa  dry. 
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JCslimaled  monthly  discharge  of  the  Rio  Oraiide  River  above  I^eMdiOy  Te.r. 


Month. 


1902. 

January 

February 

March 

April 

May 

June 

July .. 

August 

h^eptember 

October 

November 

Decern  l^r 

The  year 


DiHcharge  In  Keccmd-feet. 

Total  in  acre- 

Maximum. 

) 
Minimum.          Mean. 

feet. 

130 

40 

77 

4,741 

70 

0 

21) 

1,607 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

60 

0 

3 

159 

2,740 

0 

568 

34, 929 

1,250 

0 

102 

6,288 

1,080 

0 

205 

12, 198 

70 

0 

3 

198 

670 

0 

28 

1,676 

240 

0 

8 

496 

2,  740  ;               0 

85 

62,292 

RIO   (JRANDK    NKAR    FOKT    HANCOCK,  TKX. 

This  station  wa«  e8tablished  by  th©  International  (Water)  Boundary 
Coniniission  March  27,  1900.  It  is  li  miles  southeast  of  Fort  Han- 
ccx'k,  on  the  Southern  Pacific  Railway,  in  the  El  Paso  Valle}',  and  is 
al>out  55  miles  below  El  Paso. 

DiJtcharge  ineasuremeids  of  the  Rio  Grande  near  Fort  JJancock,  Tex.  <* 
[Made  by  A.  L.  Wilcox  and  F.  W.  Carpenter.] 


Date. 

• 

1902. 

July  21 

July  23..-.-.. 

July  24 

August  30  ... 
September  1  . 


Gage 
heigi 


Jage 
ight. 


Fed. 
2.5 

3.0 

2.4 

6.3 
7.0 


Diocharge. 


Srcoiul-feet. 


Date. 


1902. 


6  I   September  4  . 

18   '  September  6  . 

5      September  9  . 

808  'I  September  12 

1,034  il  Octobt^r  7 . . . . 


Gage 
height. 

Feel. 

1   - 
4.0 

3.4 

3.2 

2.1 

2.5 

DiMchargc. 

Srcond-fcct. 
249 

81 

72 

8 

16 


a  No  meaKuremcnt8  made  at  this  station  during  months  of  .Tanuary  and  February. 

I>aily  flow  ooraputod  from  gage  heights. 

River  wa.s  dry  during  March,  April,  May,  and  June,  1902. 

No  measuremcnta  were  made  at  this  station  during  NovemT)er  and  DccemU'r.  1902.    River  wawdry. 
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Daily  gage  Imght,  in  feet,  of  the  Rio  Grande  near  Fort  Hancock,  Tex.« 


Day. 

Jan. 

Feb. 

5.30 
5.60 
5.60 
5.50 
5.40 
5.30 
5.30 
5.20 
5.10 
5.20 
5.20 
5.20 
5.30 
5.30 
5.30 
5.20 
4.95 
4.75 
4.55 
4.35 
4.00 
3.75 

Mar. 

Apr. 

May.  June. 

July. 

Aug. 

1             j               ' 
Sept.    Oct.  1  Xov.  '  Dec 

1 

1902. 
1 

4.80 
4.90 
6.00 
5.10 
5.10 
5.10 
6.20 
6.30 
5.30 
5.40 
5.50 
5.50 
5.60 
5.70 
5.70 
6.80 
5.80 
5.70 

6.90 
5,^5 

3.85 

2 

l;;"'";;;i.;... 

3.06    

2.70    . ..#... 

3 

1 

5.20 
4.60 

4 

1 

5 

4.00     8.90    

3. 35     '2-90    

6 

7 

i 

3.30 

■2.  Sa 

1 

8 

3.20     ^nn 

9 

3.15 
2.75 

10 

11 

2.40 

12 

1 
1 

!      -  - 

2.10    -- 

13 

4.30 

...... 

2.00 

14 

16 

••....|....«. 

1 

1 

16 

17 

...... 

.  -  -  . 

18 

1 

19 

5.70 
5.50 
5.80 
5.75 

; i ..; .; 

2.45 

20 

1 
......I......  

6.40    

2.40 

1 

21 

I 

2.15    '  2.10 

t 

22 

1 

4.40       

23 

5.80 

3.60 

24 

5.70 
5.60 
5.60 
5.60 
6.60 
5.60 
5.50 

2.40 

1 

25 

1 

26 

1...... 

'V 

27 

3.40 

1 

28 



2.60 

29 

5.15 
4.a5 

30 

5.00 

31 

5.40 

7.30 

1 

I 

a  On  the  days  f»r  which  no  gage  heights  arc  given  the  river  wa.s  dry. 


Est'nnated  monthly  discharge  of  the  Rio  Grande  near  Fort  Hancock,  Tex.  « 


Month.a 


Total  in  ncne- 
fc?ei. 


1902. 

January  

February 

July 

August  30  and  31 

Sept€inl)€r 

Octol)er 

The  year 


a  For  the  months  for  which  no  flffures  are  given  the  river  vras  dry. 
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RIO   GRANDE  NEAR   EL   PASO,  TEX. 


This  stiition  was  located  at  the  pumping  house  of  the  smelter  (com- 
pany, 3  miles  north  of  El  Paso,  Tex.  The  bed  of  the  stream  here  is 
composed  of  mud,  constantly  shifting  and  changing.  May  1, 1897,  the 
station  was  placed  under  the  charge  of  W.  W.  Follett,  consulting 
eng'ineer,  International  (Water)  Boundary  Commission,  and  M^  him 
removed  1  mile  farther  up  the  river  to  Courchesne's  limekiln.  The 
rivei"  heights  were  measured  at  the  masonry  pump  foundation  pier, 
150  feet  above  the  kiln.  The  top  of  the  downstream  chisel  di*aft  on 
this  pier  was  assumed  to  be  at  a  gage  height  of  15.0  feet,  and  the  dis- 
tance of  the  surface  of  the  water  below  it  was  measured  with  a  care- 
fully graduated  rod.  This  pier  was  torn  down  in  October,  1902,  and 
an  inclined  wooden  gage  established  some  60  feet  upstream.  This  is  a 
2  by  4  bolted  to  l^-inch  steel  bars  set  with  cement  in  holes  drilled  in  solid 
rock.  The  graduations  are  notches  cut  in  the  scantling.  The  B.  M.  is  a 
one-half -inch  iron  bolt  set  in  solid  rock  at  the  head  of  the  gage.  Its  top 
is  13-  00  feet  above  gage  datum.  The  left  bank  of  the  river  is  formed 
by  the  loose  rock  fill  of  the  Atchison,  Topeka  and  Santa  Fe  Bailroad 
embankment,  and  will  not  overflow.  The  right  bank,  however,  is  not  so 
g-ood,  being  made  ground  and  subject  to  overflow.  The  bottom  of  the 
river  here  has  also  proven  unstable,  scouring  on  a  rise  and  filling  on  a 
falling  river.  It  is  probably  the  best  site  for  a  station  in  the  vicinit}^ 
of  El  Paso,  however,  as  the  entire  river  bed  is  constantly  shifting  for 
many  miles  above  and  below.  On  account  of  this  shifting  character 
of  the  stream,  Uie  only  accurate  method  of  estimating  the  daily  dis- 
charg'es  is  b}^  taking  a  large  numl>er  of  measurements,  which  was  done 
in  19<>2  by  T.  M.  Courchesne,  J.  P.  Hague,  A.  L.  Wilcox,  F.  W. 
Carpenter,  and  I.  H.  Huggett. 

Discharge  measurements  of  the  Rio  Orande  near  FA  Paso,  Tex.  « 
[Made  by  T.  M.  Courchesne,  Jrh.  P.  Hague,  A.  L.  Wilcox,  and  F.  W.  Carpenter,  and  I.  H.  Huggett.] 


Date. 


1902. 
January  30  . . 
February  1  . . 

April  18 

April  21 

April  22 

April  24 

April  26 

April  28....; 


Gage 
height. 


Fed. 
6.3 
6.4 
6.75 
7.0 
6.6 
6.6 
7.3 
7.3 


April30 !      6.3 


Dis(!harge. 


Second- feet. 
145 
165 
262 
301 
195 
200 
465 
441 
145 


Date. 

Gage 
height. 

Diflcharge. 

1902. 
May  2 

Feet. 
5.85 
5.4 
5.2 
6.05 
5.4 
9.0 
6.3 
9.8 
9.0 

Second-feet. 
64 

May  5 

19 

May  7 

5 

June 3 

134 

June  4  ft 

17 

August  27 

1,578 

August  28 

937 

August  29 

August  31 

2,a50 
1,190 

a  No  measurement  for  March.    Water  too  shallow. 

h  River  dry  the  remainder  of  month,  throughout  July,  and  until  August  27. 
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Discharge  measurements  of  Ow.  Rio  Grande  near  El  Pcwo,  Tex. — CJontinntHl. 


Date. 


1902. 
September  2 . 
September  5 . 
Septeinl)er  8  . 
Septein])er  10 
September  13 
September  27 
September  28 
September  30 

Octol)er  2 

Oct<A)er3 


Gage 
height. 

1 

Discharge,  i 
1 
1 

Second-feet. 

645  1 

160 

78 

28 

5 

653 

369 

171 

101 

85  ' 

Date. 

(yllgC 

hcMght. 

Fret. 
5.6 
5.5 
5. 85 
5.8 
4.9 
4.85 
5.9 
5.6 
5.2 
4.7 

I>iM*haTKv. 

Feet. 
7.5 

1902. 

October  4 

SfTand-/»t, 
52 

6.2 

October  6 

47 

5.6 

Octobers 

37 

5.4 

October  10 

29 

5.  1 

'  October  15 

8 

7.9 

October  17 

4 

7.1 
6.4 
6.0 
5.9 

Dec«ml)er  22 

Deceml)er  24 

Deceml)er  26 

Deceml)er  29 

117 

80 
34 

4 

No  mca.surenjeiitH  for  November. 


DdUi/  gage  heigldy  in  feetj  of  ihe  Rio  Grande  near  El  Pwno,  Tex. « 


Day. 

Jan. 

6.30 
6.30 
6.30 
6.30 
.6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 

Feb. 

Mar. 

Apr. 

May. 

5.90 
5.80 
5. 75 
5.45 
5.35 
5.20 
5.20 
5.20 
5.20 
5.20 
5.20 
5. 10 

June. 

July. 

Aug. 

Si»pt. 

Oct. 

1 

Nov.   , 

1 

IViH*. 

1902. 
1 

6.40 
6.40 
6.30 
6.30 
6.30 
6.20 
6.20 
6.20 
6.10 
6.00 
6.00 
6.00 
6.00 
6.05 
6.20 
6.30 
6. 25 
6.20 
6.20 
6.20 
6.10 
5.95 
5.75 
5.50 
5.30 
5.05 
5.00 
5.00 

4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 

4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
6.80 
6.90 
6.90 
6.95 
6. 65 
6.(U) 
6.55 
6.80 
7.30 
7.50 
7.25 
6.70 
6.30 

8.10 
7.50 
7.00 
6.40 
6.20 
6.00 
5.80 
5.60 
5.50 
5.40 
6.30 
5.20 
5.10 

0.1.5 

6.00 

5.95 

5.65 

5.60 

5.46 

5.40 

5.40 

5.85 

6.90  ' 

5.30 

5.20 

5.20 

5. 15 

4.95 

4.90 

4.90  : 

4.90  , 

1 

1 

i 

t 

1 

1 

5.30 

2 

3 

6.a5 
5.25 
5.00 

5  55 

4 

h  m 

5 

.x3l) 
5.40 
5.^ 
5.i& 
5.30 
5.10 
5.0U 
4.90 

4.7:> 

4.70 
4.70 

6 

7 

8 

• 

9 

10 

11 

12 

13 

5.05 

14 

15 

16 

17 

18 

1 

1 
1 

19 

1 

20 

1 

1 

21 

i 

5.30 
5.90 
5.65 
5.4.^ 
5.35 
5.15 
5.05 
4.ff> 
4-T:i 
4-70 
4.7l> 

*» 



1 

23 

1 

24 

! 

......i 

V  •  •  •  * 

i 

25 

1 

26 

7.60 
7.85 
7.10 
6.56 
6.36 

1 

****** 

5.90  ■ 
5.30  ' 
5.  SO  i 
5.30  ; 
5.30  ! 

27 

1 

1 

6.30 
7.75 
9.96 
9.40 
9.06 

28 

29 

30 

! 

31 

1 

1 

n  On  the  <1ay8  for  which  no  gage  heightw  are  given  the  river  wan  dry 
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Estimated  monthly  diKharge  of  the  Rio  Grande  near  El  PasOj  Tex. 

[Drainage  area,  30,000  square  miles.] 


Month. 


1902. 
January 

February 

March 

April 

May 

June 

July 

Aujzrust 

September 

Octol>er , 

Noveml)er 

Decemljer 

The  year 


Discharge  in  Kecond-feet. 

Maximum. 

Minimum. 

Mean. 

140 

130 

135 

160 

30 

104 

20 

10 

10 

540 

10 

133 

75 

0 

9 

135 

0 

5 

10 

0 

0 

2,140 

0 

236 

860 

0 

156 

115 

0 

23 

30 

0 

5 

115 

0 

29 

2,140 

0 

70 

Run-off. 


Total  iu 
acre-feet. 


Second-feet 

per  sauare 

mile. 


8,291 

5,772 

635 

7,904 

526 

307 

20 

14,499 

9,313 

1,428 

298 

1,  775 

50,768 

0.0045 
.0035 
.0003 
.0044 

.ocm 

.0002 
.0000 
.0079 
.0052 
.0008 
.0002 
.0010 


.0024 


Depth  in 
inches. 


0.0052 
.0036 
.0003 
.0049 
.0003 
.0002 
.0000 
.0091 
.Oa58 
.0009 
.0002 
.0012 


.0317 


RIO   GRANDE   NEAR  SAN   MARGIAL,   N.   MEX. 

ThiH  station  is  located  about  one-half  mile  south  of  San  Marcial,  N. 
Mex. ,  at  the  bridge  of  the  Atchison,  Topeka  and  Santa  Fe  Railroad. 
The  original  gage  was  established  by  Arthur  P.  Davis  on  January  29, 
1895.  The  observer  was  Bert  Halseth,  San  Marcial,  N.  Mex. ,  whose 
house  is  about  one-half  mile  distant.  The  gage  was  of  hard  pine  tim- 
ber, 9  by  5  inches  by  25  feet,  anchored  and  bolted  to  the  east  end  of 
the  second  pier  from  the  south.  It  was  inclined  and  painted  white. 
The  distance  between  the  footmarks  was  1.6  feet.  The  13-foot  mark 
was  level  with  the  extension  of  the  pier,  to  which  the  gage  was 
anchored.  The  15-foot  mark  was  level  with  the  top  of  the  capstone  on 
which  the  bridge  truss  rests.  Measurements  were  made  from  the  same 
bridge.  On  August  8,  1889,  a  station  was  established  near  San  Mar- 
cial, and  a  measurement  was  made  which  gave  a  discharge  of  19  second- 
feet.  Soon  after  this  date,  however,  the  river  gage  was  destroyed 
and  the  locality  was  abandoned  until  1895. 

In  1896  the  inclined  gage  was  carried  away  and  a  wire  gage  was  put 
in  its  place.  The  wire  gage  is  attached  to  the  guard  rail  of  the  bridge, 
south  span,  lower  side.  Bench  mark  No.  1  is  the  top  of  the  capstone 
on  which  the  bridge  truss  rests,  and  is  at  an  elevation  of  15  feet  above 
gage  datum;  bench  mark  No.  2  is  the  top  of  the  extension  of  the  pier 
to  which  the  old  vertical  gage  was  fastened,  and  is  at  an  elevation  of 
13  feet  above  gage  datum.  The  wire  gage  has  been  abandoned  and 
the  gage  heights  are  now  measured  with  a  graduated  rod  from  the 
deck  of  th     bridge  but  using  the  old  gage  datum.     The  channel  *^ 
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aandy  and  shifting.  A  number  of  bridge  piers  interfere  with  the  cur- 
rent to  a  certain  extent,  but  not  with  the  observed  gage  heights.  They 
sometimes  affect  the  discharge  measurements. 

Discliarge  meamiremeuls  of  the  Rio  Grande  near  San  Marclal,  N.  Me,r. 

[Made  by  W.  W.  Sentman  and  J.  R.  Nisbet.] 


Date. 


Gage 
height. 


Ftrt. 


1902. 

January  1 

Januarys 

January  6 

January  27 

January  30 

February  3 

February  5 

February  7 

February  10 

February  12 

February  14 

February  17 

February  20 

February  22 

February  24 

Fe])ruarv  28 

» 

March  4 

March  6 

March  8 

March  10 

March  12 

March  15 

March  17 

March  19 

March  21 

March  27 

March  29 

March  31 

April2 

April  4 

April  7 

April9 

April  12 '      8.1 

April  14 1      8.3 

April  16 '      8.3 

April  18 8.3 

April  22 .    8.2 


7  *> 


7.15 

7.3 

7.4 

7.3 

7.4 

7.4 

7.  45 

7.6 

7.4 

7.4 

7.5 

7.4 

7.4 

7.4 

7.4 

7.3 

'"  o 
i.  o 

7.3 
7.1 
6.9 
6.5 
6.8 
7.1 
7.0 
7.1 
7.2 
7.1 
7.0 
6.9 
6.4 
5.8 


I)i8chaixe. 

Second-feet. 

389 

348 

469 

238 

291 

383 

425 

331 

340 

358 

266 

296 

279 

294 

298 

222 

218 

195 

178 

157 

84 

49 

88 

132 

84 

113 

113 

115 

99 

69 

23 

2 

841 

1,275 

1,307 

1,157 

.    912 


Date. 


1902. 

April  24 

April  26 

April  28 

April  30 

May  2 

May  8 

May  10 

Maj'  12 

May  14 

May  16 

May  20 

May  22 

May  24 

May  26 

May  28 

May  29 

May  31 

« 

June3 

June 5 

June  7 

June  9 

June  12  « 

August  12 

August  14 

August  16 

August  18 

August  27 

August  31 

September  2  . . . 
September  4  . . . 
September  6  . . . 
September  23  . . 
Septeml^er  26 .  . 
Septeml)er  28 . . 

Octobers 

October  6 

October  9 


1 


Ga«e 
leigliL 

'    I>i.>4ehar^e. 

FeeL 

1 

1   See&Hd-/e^. 

8.3 

1               1,441 

7.9 

7t>:; 

575 

7.9 

583 

7.7 

378 

7.4 

221 

7.5 

250 

7.6 

281 

^»      rm 

i.  t 

298 

8.1 

90t> 

7.8 

470 

7.5 

3-i> 

7.4 

232 

7.1 

1«> 

6.6 

33 

8.2 

1 ,  473 

t.  t 

773 

7.4 

451 

7.4 

36:t 

7.2 

191 

7.1 

119 

6.7 

42 

7.,^5 

198 

6.9 

51 

7.5 

243 

7.25 

82 

8.25 

2,385 

6.6 

321 

6.5 

89 

5.4 

29 

5.0 

10 

8.4 

2,418 

6.3  • 

497 

5.9 

142 

5.2 

25 

4.9 

19 

5.0 

17 

a  River  drj'  the  balunoe  of  the  month  and  during  July. 
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Discharge  meamrements  of  the  Rio  Grande  near  San  Marcialy  N.  yfeje. — Continued. 


Date. 

1902. 
October  12... 

Oftol>er  15 

October  30... 
November  2  . 
November  4  . 
November  7  . 
Noveml)er  10 
November  13 
November  16 
November  20 
November  24 
November  28 


Gage 
height. 


f^eei. 

4.9 

4.8 

4.9 

5.0 

5.0 

5.1 

5.1 

5.2 

6.4 

6.0 

5.9 

5.95 

Discharge. 

Second-feei. 

14 

t 

12 

13 

18 

17 

18 

31 

202 

117 

122 

158 


Dat«. 


1902. 
November  30 
December  3.. 
December  6.. 
December  9.. 
December  14. 
December  17. 
December  20. 
December  22. 
December  25. 
December  28. 
December  31 . 


Gage 
height. 


Feet. 
6.0 
6.0 
6.1 
6.2 
6.3 
6.7 
6.3 
5.9 
6.5 
6.4 
6.25 


Dimrhaige. 

Second-feet. 
156 
104 
134 
142 
151 
244 
80 
60 
289 
258 
186 


Daily  gage  height,  in  feet,  of  the  Rio  Grande  near  San  Marcial,  X.  Jf<ar.« 


Day. 

Jan. 

1 

1902. 
1 

1 

1 

1 
7.26 

2 

7.15 

3  

7.25 

4 

7.35 

5 

7.36 

6 

7.30 

7 

8 

1 
7.30 

7.30 

9  

7.15 

10 

7.05 

11 

'  7.10 

12 

!  7.10 

13 

1  7.35 

14 

7.40 

15 

7.40 

16 

7.36 

17 

'  7.40 

18  

7.40 

19     

7.30 

20 

7.35 

21 

7.30 

22  

1 
7.30 

23 

'  7.35 

24 

'  7.35 

25 

7.40 

26  

7.30 

27 

'  7.40 

28 

7.35 

29   

7.30 

30        

7.85 

31 

7.85 

Feb.  I  Mar.   Apr.  |  May.  June.lJuly.   Aug.  Sept 


7.35 
7.30 
7.35 
7.45 
7.40 
7.50 
7.45 
7.55 
7.50 
7.60 
7.40 
7.45 
7.35 
7.40 
7.40 
7.60 
7.60 
7.55 
7.60 
7.45 
7.36 
7.40 
7.40 
7.45 
7.40 
7.40 
7.40 
7.40 


7.35 
7.50 
7.45 
7.35 
7.35 
7.30 
7.30 
7.30 
7.20 
7.20 
7.0) 
6.90 
6.80 
0.70 
6.50 
6.50 
6.95 
7.10 
7.20 
7.20 
7.10 
6.95 
6.75 
6.60 
6.60 
6.65 
7.20 
7.30 
7.25 
7.25 
7.20 


7  10 
7.00 
6.90 
6.85 
6.70 
6.55 
6.40 
6.20 
5.80 


8.20 
8.20 
8.35 
8.35 
8.40 
8.25 
8.30 
8.00 
8.15 
8.20 
8.30 
8.45 
8.30 
8.10 
7.90 
7.90 
7.70 
7.85 
7.85 


7.80 
7.65 
7.60 
7.55 
7.35 
7.45 
7.40 
7.40 
7.65 
7.56 
7.50 
7.60 
7.70 
7.70 
7.75 
8.50 
8.05 
7.80 
7.80 
7.75 
7.66 
7.55 
7.46 
7.35 
7.15 
7.00 
6.95 
6.65 
8.20 
8.35 
7.65 


7.50 
7.40 
7.35 


6.35 
6.40 
5. 70 


!  7.40  ! 5.46 


7.40 
7.80 
7.20 
7.20 
7.15 


5. 15 
5.a5 


Oct. 


5.35 
6.70 
5.25 
5.05 
6.00 
4.90 
4.80 
5.15 
5.10 


1  •■^' 

6.85 

1 

4.95 

6.70 
6.55 

7.00 

7.a5 

7.80 

4.90 
4.90 
4  un 

8.50 
7.65 
7.25 

4.80 

;  4.80 

! 

1 

1 

1 

7.20 
6.90 
6.66 

1 

1 

0.20 
8.45 
7.85 
6.70 
6.25 
6.15 
6.00 

5.a'» 

5.55 

4.80 
4.80 
4.80 
4.80 
4.80 
4.90 
4.90 
4.90 

1 

1 

7.25 

9.05 

11.10 

8.45 

7.a5 

7.45 
7.40 
6.65 

1 

1 

1 

1 

5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.10 
6.10 
5.10 
5.10 
5.10 
5.10 
5.20 
5.20 
5.80 
6.30 
6.20 
6.a5 
6.00 
6.00 
5.95 
5.90 
5.90 
6.a5 
5.80 
5.70 
5.70 
5.80 
6.00 
6.00 


Dec. 


6.00 
6.00 
6.00 
5.60 
5.70 
6.15 
6.15 
6.15 
6.20 
6.25 
6.30 
6.30 
6.30 
6.30 
6.50 
6.90 
6.70 
6.60 
6.40 
6.30 
5.95 
6.95 
6.45 
6.55 
6.50 
6.40 
6.45 
6.50 
6.70 
6.45 
6.40 


a  There  was  no  flow  on  days  for  which  do  gage  height  s  are  given. 
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KttltmUed  monthlf/  discharge  of  the  Rio  Grande  near  San  MareicU,  X.  Meur. 

[Drainage  area,  28,067  square  miles.] 


Month. 


1902. 

January 

February 

March 

April 

May 

June 

July 

Aufi^st 

September... 

October 

November . . . 
December  ... 


Dischaii^e  in  second-feet. 


Maximum.     Minimum. 


500 

300 

480 

220 

250 

50 

1,650 

0 

1,710 

35 

560 

0 

"0 

aQ 

10,500 

0 

2,460 

0 

75 

0 

180 

15 

350 

65 

Mean. 


370 

314 

129 

674 

436 

108 

«0 

800 

224 

13 

78 

184 


Total  in  aere- 
feet 


Riin-olT. 


Second-feet    r^— ^#k  ... 
per  square     *^?  "' 


22,  731 
17, 435 

7,954 
.40, 106 
26,  787 

6,407 

flO 

49, 210 

13,349 

823 

4,641 
11,286 


The  year I      10,500 


0 


278 


200,729 


0. 0132 

0. 0152 

.0112 

.0117 

.0046 

.u»i>;> 

.0240 

.02»v^ 

.0155 

-OiTy 

.0038 

.0012 

J 

aO 

.0285   1 

.0329 

.0080 

.0089 

.0005 

.OOOH 

.0028 

.0031 

.  0066 

.0076 

,QO&ti 


1342 


a  River  dry  June  14  to  August  11,  inclusive. 


RIO  GRANDE  AT  WATER  TANK,  NEAR   RIO  GRANDE,  OR  BUCKMAN,   X.  MEX. 

Three  miles  below  Embudo  the  river  emerges  into  Espanola  Valle}*, 
through  which  it  continues  for  a  few  miles  and  then  enters  White 
Rock  Canyon,  flowing  through  that  canyon  for  30  miles.  At  the 
lower  end  of  this  canyon  the  river  emerges  into  Albuquerque  Valley, 
and  so  continues  down  to  about  Socorro.  This  valley  averages  from 
1  to  3  miles  in  width,  and  has  been  irrigated  for  a  great  many 
years  by  the  Mexican  settlers.  Their  primitive  methods  of  irrigation 
are  very  wasteful  of  the  waters,  so  that  the  duty  of  water  in  this  .sec- 
tion, alK)ut  17  acres  per  second-foot,  is  not  as  high  as  it  might  be. 
During  the  last  few  years,  however,  a  number  of  important  and 
modern  irrigation  systems  have  been  planned  and  built  in  the  vicinity 
of  Albuquerque.  The  gaging  station,  established  February  3,  18^.'*, 
is  located  about  one-fourth  of  a  mile  above  Water  Tank,  a  section  on 
the  Santa  Fe  Southern  Railroad,  below  Espanola.  It  was  establishtnl 
by  Arthur  P.  Davis  and  P.  E.  Harroun  on  February  1,  1895.  The 
observer  is  Thomas  Dupre,  section  foreman,  whose  house  is  distant 
from  the  gaging  station  about  one-fourth  of  a  mile.  The  inclined 
portion  of  the  gage  is  marked  from  3.5  feet  to  10.6  feet;  the  vertical 
portion  from  10.6  feet  to  16  feet.  The  inclined  part  of  the  gage  is 
braced  with  wood  and  anchored  with  stones.     The  upper  part  is  set  in 
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the  ground,  leaning  against  a  huge  boulder,  and  is  held  in  that  posi- 
tion by  wire,  well  tightened.  The  highest  point  of  the  boulder  is 
marked  with  a  black  cross,  and  is  6.815  feet  above  the  11-foot  mark. 
Measurement  was  made  from  gaging  box  suspended  from  cable  placed 
across  just  above  the  gage.     The  channel  is  sandy  and  shifting. 

Discharge  meaturemerUs  of  the  Rio  Qrande  near  Hio  Grande,  N.  Mex,  ^ 

fMi.de  by  P.  E.  Harrouii  and  O.  B.  Powell.] 


Date. 

1902. 
January  2*i_. 
February  12. 
March  31  . . . 

Aprils 

April  7 

April  10 

April  14 

April  17 

April  22.... 

April  25 

April  28.... 

May  2 

Mav5 

May  8 

May  12 

Mav  15 

Mav  19 

May  23 

May  26 

May  28 

Mav  30 

m 

June  2 

June  6 

June  9 

June  12 

June  16 

June  19 

June  23 

June  27 

June  30 

July  3 

July  7 

July  10 


Gafe 

lelRht. 


helg 


Ptet. 
5.0 
5.05 
5.3 
5.3 
6.7 
7.5 
7.9 
7.5 
7.6 
6.5 
6.6 
6.5 
6.6 
6.3 
6.7 
6.7 
6.1 
5.6 
5.2 
7.4 
6.6 
6.6 
5.8 
5.5 
5.0 
4.7 
4.3 
4.0 
3.8 
3.6 
3.5 
3.6 
3.8 


Discharge. 

Second-feet. 

484 

485 

518 

-     519 

1,243 

1,744 

2,252 

1,952 

2,190 

1,333 

1,403 

1,164 

1,271 

1,109 

1,267 

1,391 

895 

633 

516 

1,877 

1,561 

1,449 

857 

672 

421 

332 

180 

123 

85 

71 

62 

78 

125 


Date. 


Gaare 
height. 


i| 


mt    ■* 


1902.  Ftei. 

July  14 3.8 

July  17 3.8 

July21 5.0 

Julv24 5.0 

July28 4.3 

July31 4.0 

August  4 4.2 

August  7 4.7 

August  11 6.15 

August  14 4.6 

AugustlS 4.3 

AugU8t21 3.9 

August  25 8.1 

August28 6.0 

September  1 4. 5 

September  4 4. 1 

September  8 '  4. 1 

September  11 1  3.8 

Septeml)er  15 4. 0 

September  18 3.8 

September  21 '  10.7 

September  25 |  4.  7 

September  29 4.  7 

October2 

October  6 

October9 

October  13 

October  16 

October  20 

October  23 

October  27 '... 

October  30 

NovemlJer  3 


4.6 
4.7 
4.7 
4.7 
4.7 
4.7 
4:7 
4.6 
4.7 
4.7 


Discharge. 


Second-feet. 

93 
110 
419 
416 
208 
112 
148 
233 
«2,009 
241 
172 
106 
2,853 
848 
232 
150 
139 

85 
117 
122 
6,592 
309 
250 
255 
325 
276 
265 
294 
276 
268 
266 
285 
282 


a  Abnormally  large. 
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Discharge  TMosuremenU  of  the  Rio  Grande  near  Itio  Grande,  N.  Mex.  — CoDtinued. 


Date. 


1902. 
Noveml)er6.. 
Noveinl)er  10. 
November  13. 
November  17. 
November  21 , 
November  24. 
November  27. 
December  1 . , 


Gage 
bel^t. 

1 
Diacharge. 

Second-feet. 

Date. 

6a«e 
heiiht. 

Disrhaxge. 

Feet. 

1902. 

Act. 

Second-Jtti. 

4.7 

264  '   December4 

4.4 

24n 

4.7 

261    1  Decembers 

4.8 

^7 

5.0 

403 

1  December  11 

4.8 

a» 

4.7 

278      December  15 

295   1  December  18 

4.8 

3a> 

4.7 

4.4 

26* 

4.9 

399 

December  22 

4.6 

2tu 

4.6 

273 

'  December  26 

4.7 

337 

4.5 

276 

December  29 

4.7 

2s2 

Daily  gage  height,  in  feet,  of  the  Rio  Grande  near  Rio  Grande,  JV.  Mejr. 


Date. 


1902. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Jan. 


5.00 
5.05 
5.00 
5.10 
5.10 
5.10 
5.05 
5.05 
5.05 
5.10 
5.10 
5.00 
5.00 
5.05 
5.05 
5.05 
5.00 
5.15 
5.10 
5.10 
5.10 
5.00 
4.95 
5.00 
4.95 
5.00 
4.75 
4.80 
4.95 
5.00 
4.95 


Feb. 


4.95 
4.95 
4.95 
4.90 
4.95 
4.95 
4.95 
5.05 
5.05 
5.05 
5.05 
5.05 
5.05 
5.00 
5.00 
5.00 
5.05 
5.15 
5.10 
5.15 
5.05 
5.15 
5.20 
5.20 
5.20 
5.35 
5.35 
5.25 


Mar. 


Apr. 


5.15 
5.10 
5.10 
5.10 
5.10 
5.00 
5.00 
5.a5 
5.05 
5.25 
5.55 
5.55 
5.40 
5.40 
5.25 
5.20 
5.20 
5.10 
5.45 
5.60 
5.60 
6.75 
5.65 
5.55 
5.40  I 

5.35  I 
5.40  I 
6.25  ; 

5.36  , 
5.30  , 
5.30  , 


5.25 
5.36 
5.50 
5.50 
5.55 
6.05 
6.20 
6.95 
7.66 
7.80 
8.05 
8.45 
8.10 
7.95 
7.66 
7.15 
7.66 
7.65 
7.65 
7.90 
7.80 
7.50 
6.75 
6.60 
6.60 
6.60 
6  65 
6.60 
6.46 
6.46 


May.  June. 


6.40 
6.40 
6.40 
6.50 
6.50 
6.35 
6.35 
6.40 
6.66 
6.55 
6.75 
7.20 
7.35 
6.90 
6.66 
6.45 
6.25 
6.20 
6.20 
6.05 
6.95 
6.85 
5.60 
5.30 
6.25 
5.20 
7.80 
7.26 
7.06 
6.66 
6.66 


6.70 
6.70 
6.45 
6.15 
6.00 
5.75 
6.70 
5.60 
6.45 
5.16 
6.06 
4.96 
6.16 
4.95 
4.76 
4.65 
4.50 
4.36 
4.30 
4.15 
4.10 
4.00 
3.96 
3.90 
3.96 
3.86 
3.76 
3.60 
3.60 
3.60 


July. 


3.55 
3.60 
3.66 
3.50 
3.60 
3.65 
3.65 
3.55 
3.90 
4.75 
3.65 
3.70 
3.80 
3.65 
3.60 
8.50 
4.26 
4.50 
6.16 
7.80 
5.20 
6.46 
4.36 
4.66 
4.46 
4.45 
4.&5 
4.30 
4.26 
4.16 
4.06 


Aug. 

Sept. 

6.10 

4.45 

4.25 

4.40 

4.10 

4.30 

4.05 

4.10 

5.60 

4.10 

6.35 

3.95 

4.70 

4.16 

4.80 

4.15 

4.50 

3.95 

4.25 

8.90 

5.90 

3.80 

5.30 

3.90 

4.70 

3.90 

4.75 

3.90 

4.50 

3.96 

4.26 

3.86 

4.50 

3.85 

4.30 

8.90 

4.15 

4.06 

4.00 

6.20 

3.90 

10.60 

4.90 

7.85 

5.56 

5.80 

6.86 

4.90 

7.60 

4.80 

7.25 

4.76 

6.15 

4.60 

6.60 

4.60 

6.16 

4.70 

4.95 

4.65 

4.70 

Oct.  I  Nov.     D«- 


4.66 
4.60 
4.70 
4.70 
4.80 
4.70 
4.70 
4.65 
4.70 
4.70 
4.70 
4.70 
4.65 
4.65 
4.70 
4.70 
4.70 
4.70 
4.  GO 
4.  TO 
4,70 
4.  TO 
4.  TO 
4.70 
4.00 
4.60 
4.60 
4.60 
4.65 
4.70 
4.70 


4.70  ! 
4.70 

4.  to! 

4.60  , 

4.65  ; 

4.65  ' 

4.70  . 

4.70  ' 

4.70  , 

4.70 

4.60 

&.06 

5.00 

5.00 

4.90 

4.85 

4.70 

4.70 

4.70 

4.70  ' 

4.70 

4.80  ' 

4.90  I 

4.90 

4.90  < 

4.70  , 

4.70 

4.65 

4.60 

4.60 


4.V 

4..'tO 
4  «• 

A.> 
4> 
4.7. 

4.r. 

4  7'^ 

A.% 
4.7* 

i.r. 

4  !!■' 
4.W 
4.^ 
4  V 

4  :e 

4*' 

.Vi.' 
4.'.^ 
4.C^ 
4.t-- 
4*w. 

4  •;* 

4.7'^ 

4  H' 
4  > 
4  - 

4  ■' 
4.li 
4." 
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J^Jatimaled  movUhly  discharge  of  the  Rio  Grande  near  Rio  Grande,  N,  Mex, 

[Draina^re  area,  14,050  square  miles.] 


Month. 


Discharge  in  second-feet. 


1902. 

January 

February 

March 

April  -  - 

May 

June 

July 

August 

September. . 

October 

November . . 
Deceniber  . . 


Maximum. 

Minimum. 

495 

455 

540 

475 

735 

480 

3,200 

510 

Mean. 


Run-off. 


Total  in 
acre-feet. 


2,230 

1,530 

2,200 

2,300 

6,460 

345 

420 

440 


The  year 


6,460 


520 

70 

60 

105 

85 

255 

250 

200 


60 


482 
489 
548 
1,640 
1,196 
474 
272 
556 
484 
279 
309 
313 


587 


29,643 
27,183 
33,709 
97, 577 
73,567 
28, 215 
16,730 
34,165 
28,790 
17, 157 
18,386 
19,220 


Second-feet 

per  square 

mile. 


0.034 
.035 
.039 
.117 
.085 
.034 
.019 
.040 
.034 
.020 
.022 
.022 


Depth  In 
inches. 


0.039 
.036 
.045 
.131 
.098 
.038 
.022 
.046 
.038 
.023 
.025 
.025 


424,  342 


.042 


.566 


RIO   GRANDE   AT   EMBUDO,  N.  MEX. 


Embudo  is  a  railroad  station  on  the  Denver  and  Rio  Grande  Rail- 
road, in  Rio  Arriba  County.  The  station  is  in  a  narrow  canyon  above 
the  head  of  the  valley  in  which  Espanola  and  other  towns  are  located, 
and  in  which  the  river  Chama  joins  the  Rio  Grande.  In  November, 
1888,  an  examination  was  made  along  the  main  stream  for  the  purpose 
of  selecting  a  point  at  which  the  total  discharge  of  the  Rio  Grande 
entering  New  Mexico  could  be  ascertained.  Coming  from  Colorado 
southward,  this  is  the  first  point  at  which  the  i-ailroad  reaches  the 
river,  and  for  this  reason  it  was  finally  determined  to  establish  a  river 
station  here.  Measurements  were  begun  at  the  rock}'^  narrows,  about 
a  mile  above  the  railroad  station,  but  in  the  spring  of  1889  the  obser- 
vations were  transferred  to  a  point  directly  behind  the  railroad  station, 
for  convenience  of  the  observer  and  consequent  reduction  of  expense. 
The  inclined  gage,  constructed  at  that  time,  is  made  of  scantling,  4  by 
4  inches,  spiked  to  posts  set  firmly  in  the  ground.  It  is  on  the  right 
hand  side  of  the  river,  at  a  place  where  the  slopes  are  very  gentle, 
and  therefore  is  of  consideiuble  length  in  order  to  reach  out  to  the  low- 
water  channel.  It  is  graduated  from  about  7.30  feet,  the  low- water 
mark,  up  to  16  feet.  The  point  3.50  would  correspond  approximately 
to  the  deepest  part  of  the  .section.  The  gage  is  about  75  feet  above 
the  cable  and  is  in  three  parts  with  diflferent  slopes.     The  cable  is  five- 
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eighths-inch  wire,  with  19  steel  strands.  It  is  fastened  to  a  cedar  tm 
on  the  left-hand  side  and  to  sand  anchors  on  the  right.  Measurements 
were  originally  made  from  a  boat  held  by.  traveling  pulleys  running 
on  the  cable.  The  boat  being  washed  away  by  flood,  later  measure- 
ments were  made  from  a  box  suspended  from  the  cable. 

Bench  mark  No.  1  is  on  a  rock  near  the  end  of  the  cable,  on  the  left- 
hand  bank,  marked  '*B.  M."  with  white  paint.  It  is  20.66  feet  above 
zero  of  the  gage.  Bench  mark  No.  2  is  on  a  rock  about  100  feet  above 
the  cable,  on  the  left  bank  of  the  river,  and  is  marked  '''B.  M."  with 
white  paint.  It  is  18.79  feet  above  datum.  Bench  mark  No.  3ba 
notch  cut  in  the  southeast  corner  of  the  station  house,  about  2  feet 
above  the  level  of  the  platform,  and  is  30.48  feet  above  datum. 

Discharge  nieasuremerUa  of  the  Rio  Orande  at  JBmbudo,  X.  Mex. 
[Made  by  P.  E.  Harroan  and  O.  B.  Powell.] 


Date. 


1902. 
January  21 . . 
February  10 
March  28 . . . 

April9 

April  12  ... . 
April  15  ... . 
April  18 ... . 
April  23  ... . 
April  26 ... . 

April  29 

May  3 

May  6 

May  9 

May  13 

May  16 

Mav  20 

May  24 

May  27 

May  31 

June  4 , 

June? 

June  10 

June  13 

June  17 

June  21 

June  25 , 

June 28 


/ferf. 
7.5 
7.6 

7.8 
8.2 
8.5 
8.4 
8.3 
8.4 
8.1 
8.1 
8.3 
8.5 
8.6 
8.8 
8.5 
8.3 
7.8 
8.1 
8,7 
8.6 
8.3 
7.8 
7.5 
7.2 
7.0 
6.9 
6.9 


Discharge. 

Sceond-feet. 
386 
422 
410 
631 
773 
771 
6(>7 
741 
604 
632 
715 
849 
900 
1,099 
901 
814 
471 
611 
990 
917 
697 
450 
364 
240 
196 
179 
152 


1902. 

Julyl 

Julv4 

Julys 

July  12 

July  15. 

Julv  19 

July  22 

July  25 

July  29 

August  1 

August5 

Augusts 

August  13 

August  16 

August  19 

August  23 

August  26 

August  29 

September  2 . 
September  6  . 
September  9 . 
September  12 
September  16 
September  19 
September  23 
September  26 
September  30 


Gage 
lejffbt. 


hejg 


DisL-hai:^ 


Fset. 
6. 
6. 
6. 
6. 
6. 
6. 
7. 
6. 
6. 
6. 
6. 
i . 
/. 
6. 

6. 

^ 
/. 

8. 

7. 

►• 

6. 
6. 
6. 
6. 
6. 

7. 

»» 
i. 

i. 


8 
8 
8 
8 
8 
9 
1 
8 
9 
8 
8 
2 
0 
9 
8 

0 

•> 

*t 

1 
0 
9 
9 
9 
9 

9 

o 

A> 

1 
1 


147 
141' 
13: 
14»f 
144 

19:' 

l.'^4 
IW 

l> 
V^ 

m 

lo:' 
17" 

7n' 


11*^ 

w 

ifi' 
1^ 

22- 


22^ 
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Ducharge  metuurements  of  the  Rio  Grande  at  Embudot  JV.  Mex. — Continued. 


Date. 


1902. 
October  2... 
October  B'... 
October  10. . 
October  14.. 
October  17.. 
October  21 . . 
October  24.. 
October  28.. 
October  31-. 
November  4. 
November  7. 
November  11 
November  14 


Date. 

he^t 

DiMcharge. 

1902. 

Frtt. 

Second-fed, 

November  18 

7.1 

225 

November  21 

7.3 

235 

November  25 

7.3 

247 

November  28 

7.1 

218 

December  2 

7.2 

252 

December  5 

7.1 

225 

December  9 

7.2 

246 

December  12 

7.3 

246 

December  16 

7.3 

244 

December  20 

7.5 

316 

December  23 

7.3 

268 

December  27 

7.3 

266 

December  31 

7.2 

249 

DaUy  gage  height^  infeety  of  the  Rio  Grande  at  JUmbudOf  N.  Mex. 


Day. 


1902. 


3. 


5... 
6... 


9 


10. 
11. 
12- 
13. 
14. 
16. 
16. 
17. 
IH. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
81. 


Mar. 


7.60 

7.  TO 

7.66 

7.70 

7.65 

7.65 

7.66 

7.70 

7.70 

7.70 

7.65 

7.60 

7.65 

7.66 

7.66 

7.65 

7.65 

7.60  ! 

7.60  I 

7.70  j 

7.60  I 

7.65 

7.50 

7.60 

7.60 

7.60 

7.60 

7.60 

7.60 

7.60 

7.60 


7.40 
7.70 
7.50 
7.50 
7.55 
7.66 
7.60 
7.55 
7.60 
7.60 
7.60 
7.65 
7.70 
7.60 
7.66 
7.65 
7.75 
7.75 
7.80 
7.70 
7.90 
7.86 
7.86 
7.85 
7.90 
8.00 
8.06 
8.00 


8.00 
7.90 
8.00 
8.00 
7.86 
7.85 
7.86 
7.86 
8.06 
8.10 
8.16 
8.00 
7.90 
7.96 
7.90 
7.80 
7.80 
7.70 
8.00 
8.20 
8.10 
8.10 
8.00 
7.96 
7.95 
7.85 
7.80 
7.80 
7.95 
7.85 
7.70 


Apr. 


May. 


7.70 

7.75 

7.80 

7.80 

7.80 

7.86 

7.90 

8.^ 

8.25  I 

8.30  ' 

8.55 

8.55 

8.65 

8.50 

8.40 

8.40 

8.40 

8.90 

8.40 

8.40 

8.60 

8.45 

8.46 

8.a5 

8.25 
8.10 
8.10 
8.10 
8.10 
8.10 


8.10 
8.20 
8.30 
8.40 
8.40 
8.45 
8.60 
8.50 
8.55 
8.60 
8.75 
8  80 
8.80 
8.80 
8.70 
8.65 
8.40 
8.40 
8.35 
8.25 
8.16 
8.05 
7.96 
7.80 
7.70 
7.75 
8.00 
8.20 
8.35 
8.55 
8.80 


9.10 
9.00 
8.85 
8,65 
8.55 
8.45 
8.25 
8.10 
7.90 
7.80 
7.70 
7.60 
7.55 
7.35 
7.25 
7.20 
7.16 
7.10 
7.05 
7.00 
7.00 
7.00 
7.00 
6.90 
6.90 
0.90 
G.90 
6.90 
6.80 
6.80 


July. 

Aug. 

Sept. 
7.00 

Oct. 

Nov. 

Dec. 

6.80 

0.80 

7.10 

7.20 

7.20 

6.80 

6.80 

7.05 

7.10 

7.20 

7.20 

6.80 

6.80 

7.00 

7.25 

7.20 

7.20 

6.80 

7.20 

7.00 

7.20 

7.20 

7.16 

6.80 

7.40 

7.00 

7.20 

7.20 

7.16 

6.80 

7.60 

6.95 

7.20 

7.20 

7.20 

6.80 

7.00 

6.90 

7.20 

7.20 

7.25 

6.80 

7.20 

6.90 

7.20 

7.20 

7.25 

6.80 

7.05 

6.90 

7.20 

7.20 

7.20 

6.80 

6.90 

6.90 

7.20 

7.20 

7.20 

6.80 

7.65 

6.90 

7.20 

7.25 

7.20 

6.80 

7.15 

6.90 

7.20 

7.50 

7.30 

6.80 

7.05 

6.90 

7.20 

7.25 

7.30 

6.80 

7.00 

6.90 

7.20 

7.25 

7.30 

6.80 

7.00 

6.90 

7.20 

7.20 

7.20 

6.80 

6.90 

0.90 

7.20 

7.20 

7.20 

6.90 

l.Q^ 

0.90 

7.20 

7.20 

7.20 

6.90 

6.96 

6.90 

7.20 

7.10 

7.20 

6.90 

6.85 

6.95 

7.20 

7.15 

7.50 

7.36 

6.80 

7.06 

7.20 

7.20 

7.50 

7.80 

6.85 

8.75 

7.20 

7.25 

7.40 

7.00 

7.00 

7.40 

7.20 

7.30 

7.46 

6.90 

7. 15 

7.25 

7.30 

7.  SO 

7.35 

6.  K-) 

7.15 

7.16 

7.20 

7.36 

7.46 

0.90 

7.50 

7.10 

7.20 

7.25 

7.45 

6.90 

8.25 

7.10 

7.25 

7.10 

7.35 

6.90 

7.45 

7.10 

7.30 

7.10 

7.35 

6.90 

7.20 

7.10 

7.25 

7.10 

7.40 

6.90 

7.10 

7.10 

7.20 

7.16 

7.36 

6.90 

7.10 

7.10 

7.20 

7.20 

7.30 

0.80 

7.00 

7.20 

7.30 
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Esiimaled  monthly  discharge  of  the  Rio  Grande  at  Embudo^  N.  Mex. 

[Drainage  area,  10,090  square  miles.] 


Mouth. 


1902. 

January  

February 

March... 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharg'e  in  second-feet. 


Maximum. 


460 

585 

630 

800 

1,100 

1,360 

280 

820 

1,050 

260 

310 

315 


1,360 


Minimum. 


390 

360 

410 

450 

420 

130 

140 

150 

165 

215 

220  \ 

240 


Mean. 


430 
462 
532 
661 
798 
440 
158 
246 
228 
231 
231 
264 


130 


390 


Total  in 
acre-feet. 


26,420 
25, 676 
32, 698 
39,352 
49,061 
26,202 
9,719 
15,154 
13,587  i 
14, 182  1 
13,736  I 
16,245  I 

282,032  I 


Run-off. 


Second-feet 

per  sanare 

mile. 

Depth  in 
incbe^ 

0.043 

0.  QH\ 

.046 

.048 

.053 

,061 

.  066 

.074 

.079 

.091 

.044 

-CM9 

.016 

.018 

.024 

.028 

.023 

.026 

.023 

.027 

.023 

.026 

.026 

.030 

.039 

.528 

RIO    GRANDE    NEAR   CENICERO,  COLO. 

« 

This  station  was  located  on  June  28, 1899,  by  A.  L.  Fellows.  It  is  at 
the  State  bridge  across  the  Rio  Grande,  at  a  point  near  the  Colorado- 
New  Mexico  State  line  and  about  4  miles  we«t  of  Eastdale,  Colo. 
The  station  is  favorably  located  for  the  purpose,  the  cross  section 
being  fairly  uniform,  the  channel  regular  and  not  liable  to  overflow. 

There  are  two  gage  rods,  one  for  high  water  and  the  other  for  low 
water.  The  high-water  rod  is  a  2  by  6  inch  timber  attached  to  the  west 
side  of  the  central  downstream  cylinder  of  the  bridge.  The  low- water 
rod  is  a  scale,  marked  in  feet  and  tenths,  on  the  perpendicular  face  of  a 
large  bowlder  about  a  hundred  yards  below  the  bridge.  The  channel 
is  in  most  respects  an  excellent  one.  The  bed  consists  of  bowlders  and 
rock,  and  is  subject  to  little  change;  the  banks  are  high  and  are  not 
subject  to  overflow.  Gagings  can  be  made  at  the  bridge,  but  during 
low  water  they  are  usually  made  by  wading.  On  June  22,  1900,  both 
gages  were  referred  to  a  bench  mark  consisting  of  a  chiseled  point 
marked  "  B.  M."  on  the  face  of  the  lava  bluflf  under  the  west  end  of 
the  bridge,  7.42  feet  above  gage  datum.  The  station  is  an  extremely 
important  one,  giving,  as  it  does,  the  discharge  of  the  river  at  the 
Colorado  State  line,  including  practically  all  of  the  Colorado  draina^. 
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Roman  Mondragon,  who  keeps  a  stx)re  at  the  west  end  of  the  bridge, 
has  kept  the  records  during  the  last  year. 
The  following  measurement  was  made  in  VJi)2  by  A,  L.  Fellows: 

July  0:  CTage  height,  0.60  feet;  discharge,  6  second-feet. 

IkiUy  (ja<je  height,  in  feet,  of  the  Kio  Grande  near  Onicero,  Colo. 


I>ay 


Jan.    IV1>.    Mar.  I  Apr.    May.  Juno.  July  '  Aug.  Sept.    Oct 


1902. 

1 

2 

S 

4 

5 

6 

p. 

t 

•8 

9 

10 

11 

12 

13 

14 

15 

1(1 

17 

IS 

19 

20 

21 

23 

24 

2ft 

26 

27 

28 

29 

30 

31 


1.80 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80  I 

1.80 

l.M) 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

2.10 

2.10 

2.10 

2.10 

2.10 

2.10 

2.10 

2.10 

2.10 

2.10 


2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.10 
2.20 
2.20 
2.20 
2.30 
2.30 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 


2.40 
2.50 
2.60 
2.60 
3.00 
3.00 
2.60 
2.50 
2.40 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.90 
1.70 
1.70 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.90 
1.70 
1.60 
1.60 
1.60 
1.50 


1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.70 
1.70 
1.80 

i.ro 

l.CO 
1.90 
1.90 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.90 
1.50 
1.60 
1.50 
1.50 
1.50 
1.50 


1.40 
1.60 
1.70 
1.80 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
l.CO 
l.CO 
2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
2.00 
2.00 
2.00 
2.00 
1.90 
1.80 


1.80 
1.70 
1.60 
1.50 
1.50 
1.40 
1.40 
1.40 
1.40 
1.30 
1.30 
1.30 
1.30 
1.30 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.10 
1.10 
1.10 
1.00 
1.00 
.90 
.90 
.80 
.80 


0.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 


0.80 
.FO 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 


0.70 
.70 
.70 
.7J 
.70 
.70 
.70 
.80 
.80 
.80 
.80 
.90 


.80 

.1)0 

.80 

.90 

.80 

.90 

.80 

.90 

.70 

.90 

.70 

.90 

.70 

.90 

.70 

.90 

.60 

.90 

.60 

.90 

.60 

.90 

.60 

.90 

.60 

.90 

.60 

.90 

.70 

.90 

.70 

.90 

.70 

.90 

.70 

.90 

.70 

0.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
.90 
.90 
.90 
.90 
.90 
.90 
.80 
.80 
.80 
.80 
.90 
.90 
.90 
.90 
.90 
.90 
.90 


Dec. 


0.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.80 
.80 
.80 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.00 
.90 
.90 
.90 
.90 
.90 
.90 
.90 


0.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

.80 

.70 

.70 

.80 


Rating  tabl^  for  the  Rio  Grande  near  Cenicero,  Colo.,  for  1902. 


Gaxe 
heiglit. 

Feet. 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 


Diacharge. 

Second-feet. 

6 

22 

44 

82 

142 

244 


Gage 
height. 


Pset. 
1.8 
2.0 
2.2 
2.4 
2.6 
2.8 


Dimihurge. 

Second-fret. 
414 
594 


Gago 
height 


Frei. 
3.0 
3.2 


774 

3.4 

954 

3.6 

1,134 

3.8 

1,314 

4.0 

Discharge. 

Gage 
height. 

Discharge. 

Second-feet. 

Feet. 

Second-feet. 

1,494 

4.'2 

2,574 

1,674 

4.4 

2,754 

1,854 

4.6 

2,934 

2,034 

,       4.8 

3,114 

2,214 

1       5.0 

3,294 

2,394 

1 
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Estimated  monthly  discharge  of  the  Rio  Grande  near  Cenicero,  Colo. 

[Drainage  area,  7,(S96  sqUArc  miles.] 


Month. 


1902. 

January 

February 

March..; 

April 

May 

June 

July 

August 

Beptenil>er. . . 

October 

November . . . 
Decem>)er  ... 


DiMoharge  in  second-feet. 


Run-<>(:. 


I 
Maximum,  i   Minimum. 


Mean. 


Total  in  aore- 
feet. 


Recond-feet 

per  Miuaro 

mile. 


Depth  h 
inrhe*. 


684 

954 

1,494 

504 

594 

414 

22 

22 

81 

44 

31 

44 


The  vear 


1,494 


414 
594 
185  ' 
185  \ 
142  ' 

22  ! 

22  I 
6  i 

14' 

I 

22 
22 
14 


6 


521 

32, 

758 

42, 

549 

33, 

315 

18, 

490 

30, 

114 

6, 

22 

^» 

17 

^» 

28 

1| 

32 

1 

30 

1» 

37 

'' 

243 

173, 

035 


..  ' 


09/ 
757 
744 
129 
78:} 
353 
045 
547 
968 
785 
275 

518 


I 


0. 06/ 1 
.0985 
.0713 
.0409 
.0637 
.0148 
.0029 
.0022 
.0034 
.aM2 
.0039 
.0048 


.0315 


OjCS 

.  »74 
.017 
.003 

.m 

A3 


RIO    GRANDK   NEAU   DEL,   NOSTE,    COLO. 

Moasuremonts  and  observations  were  first  begun  in  the  vicinity  of 
Del  Norte  in  1889  b}'  George  T.  Qiiinbj.  The  object  of  the  meas- 
urements was  to  obtain  the  flow  of  the  river  before  water  was  divert(Hl 
for  the  agricultural  region  of  the  San  Luis  Valley,  and,  by  a  compari- 
son of  this  with  the  figures  obtained  at  Embudo,  to  acquire  data  as  to 
the  effect  of  the  numerous  ditches  taking  out  water  between  the  tv^o 
points.  The  river  25  miles  above  Del  Norte  flows  out  of  the  canyon 
at  Wagon  Wheel  Gap.  Little  water,  however,  is  diverted  until  tk 
edge  of  the  San  Luis  Valley  is  reached,  the  largest  canal  heading  near 
the  town  of  Del  Norte.  During  freshets  the  river  divides  into  a  num- 
ber of  channels,  making  it  diflScult  to  obtain  measurements  near  town. 
In  order  to  avoid  the  expense  of  establishing  a  station  during  time  ol 
high  water,  the  first  measurements — those  about  June  1 — were  mado 
from  several  bridges  crossing  the  numerous  branches.  The  rej?iilt- 
were  not  wholly  satisfactory,  and  on  June  25  a  station  was  establisheu 
above  the  branches.  Later  a  locality  about  2  miles  farther  up  va* 
chosen. 

The  station  is  about  2  miles  west  of  the  town  of  Del  Norte,  above 
the  main  canal  taking  water  from  the  Rio  Grande  and  is  above  all  tli^- 
irrigating  ditches  of  importance.  The  river  flows  in  one  channol. 
about  175  feet  wide  and  of  very  regular  section.  The  banks  on  i^<t 
side  are  steep,  and  the  water  is  reported  never  to  ovei-flow.    V^'' 
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course  of  the  stream  is  straight  for  several  hundred  yards  both  above 
and  below  the  section.  An  inclined  gage  is  set,  at  an  angle  of  about 
SO'^  to  the  horizontal,  on  the  left  bank,  and  is  referred  to  bench  marks. 
As  noted  on  October  10, 1891,  No.  1  is  a  large  nail  in  the  root  of  a  tree 
15  feet  northwest  of  the  end  of  the  cable  on  left  bank  of  river.  Bench 
mark  No.  2  is  a  large  nail  in  the  root  of  a  tree  25  feet  southwest  of 
the  end  of  the  inclined  gage.  Both  bench  marks  are  7.54  feet  above 
the  datum  of  the  gage. 

On  cTune  16,  1900,  the  gage  rod  was  connected  with  an  iron  bench 
mark  of  the  United  States  Geological  Survey,  set  in  the  ground  about 
25  feet  south  of  the  rod,  the  zero  of  the  rod  being  9.25  feet  below  the 
bench  mark 

Gragings  were  first  made  from  a  flatboat,  4  feet  wide  and  14  feet 
long,  attached  by  rope  and  tackle  to  a  five-eights-inch  wire  cable 
fastened  to  a  large  cottonwood  tree  on  the  left  bank,  and  to  a  sand 
anchor  on  the  right  bank.  They  are  now  made  by  means  of  a  car 
which  travels  across  the  river  along  a  steel  cable,  the  distance  being 
marked  on  a  tag  wire.  The  channel  is  excellent,  the  water,  although 
falling*  rapidly,  seldom  scouring,  and  the  bed,  therefore,  remaining 
practically  the  same  from  year  to  j^ear.  The  bed  of  the  channel  is 
covered  with  small  bowlders  and  the  sides,  although  not  high,  have 
never  been  known  to  overflow.  The  observer  is  J.  S.  Regan,  who  has 
kept  the  records  regularly  ever  since  the  station  was  established. 

The  following  discharge  measurements  were  made  during  1902  by 
A.  L.  Fellows  and  J.  E.  Field: 

April  24:  Gage  height,  1.90  feet;  discharge,  493  second-feet 
July  8:  Grage  height,  1.31  feet;  discharge,  210  second-feet. 

Daily  gage  height^  infect,  of  the  Rio  (Jrande  near  Del  Nortec  Colo. 


Day. 

Jan. 

Feb. 

1.60 
J.  66 
1.66 
1.66 
1.66 
1.66 
1.66 
1.C6 
1.C2 
1.C2 
1.62 
1.62 
1.62 
1.G2 
1.62 
1.70 
1.70 
1.70 
1.70 

Mar. 

1.68 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.34 
l.W 
1.31 

Apr. 

1 
Mav.  June. 

1 

'  July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1902. 
1 

1.C8 
1.62 
1.C2 
1.62 
1.58 
1.58 
1.58 
1.58 
1.58 
1.58 
1.58 
1.52 
1.52 
1.52 
1.52 
1.52 
1.62 
1.62 
1.56 

1.40 

2.81     2.G6  ;  1.26 

1 

1.10 

1.34 

1.44 

1.34 

1.84 

3 

4.               

1.48 

3.24 

2.44     1.24 

1.06 

1.30 

1.46 

1.36 

2.00 

5 

1.60 

2.86     2.31  !  1.24 

LOG 

1.24 

1.40 

1.32 

1.92 

6                     

7 

K 

1.74     2.04 

2.30  '  1.22     1.08 

1.20 

1.40 

1.32 

1.96 

9 

10                     

2.00 

2.86 

2,24  '  1.26     1.08 

1.14 

1.48 

1.32 

1.84 

11 

t 

1.C4  1  2.71     2.10  '  1.22  '  1.08 

1.12     1.44 

1.30 

1.80 

12.           

1.34 
1.3t 
1.^1 
1.34 
1.40 
1.40 
1.40 
1.40 

1 

13 

1.8G  i  2.72     2.11  '  l.'JO     1.14 

1.10     1.40 

1.38 

1.82 

14             

15    

1.84  '  2.70     1.90     1.16  ,  1.12 

1.10 

1.38 

1.32 

1.84 

16             

! 

17 

1.82 

2.64 

1.78  ;   1.10 

1.C8 

1.10 

1.34 

1.28 

1.80 

18                 

19 

2.04 

2.40 

1.66 

1.20 

1.04 

1,12 

1.80 

1.28  . 

1.82 
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Daily  gage  lieight,  in  feet j  of  the  Rio  Grande  near  Del  NorU^  Colo, — Continued. 


Day. 


19(W. 


Jan.  I  Feb.    Mar.    Apr.  ,  May. 


June.' July.  Aug.   Sept.     C)ot.    Nov.   Dtt 

I  I  I  I 


1.50  '  1.70     1.40    . 


20 

21 1 

22 ' 

23 '  1.55  I  i.ey 

24*. '  1.56     1.68 


1.56     1.70  I  1.40  1  2,46  |  2.16 

1.5el     1.70     1.40  ' ' 

I'll 

1.C6     2.34  '  2.04 

1.20  ' ' 


1.50 
1.50 


1.20 
1.16 


1.00     1.40     l.SO     1.30  I    : >9 

I         I        ' 


1 


1.06  !  1.52  1  1.32  '  1.30      I  T^ 


25 
26 
Zl 
28 
29 
80 
31 


1.56 

1.68 

1.00 

1.68 

1.60 

1.C8 

1.60 

i.as 

1.60 

1.60 

1,60 

1.26  i  1.86  I  2.00 


1.20  I 

1.26  I  2.42  I  2.06 
1.26 

2.46 


1.42     1.12     1.96  !  1.52  ,  1.32      1.2S  '    1.?: 


1.26 
1.36 
1.38 


2.64 

2.W 


1.34  I  1.14 
1.30  j  1.14 
'  1.10 


I 


1.70  I  1.54  '  1.2fi      1.34  ,     I.>t 


1.48  I  1.50  '  1-22      2.00 


1.40 


1.30  ' L< 


Jidtwg  table  for  the  Rio  Grande  near  Del  Xort^y  Colo.j  for  1902. 


Gftge 
height. 

Fat. 

1.0 

1.2 

1.4 

1.(5 

1.8 

2.0 

Di.srharre. 


Gage 
height. 


Diwharge.    I    ,,ei^t.       l>i»charge.    '    heSr^U.    '    ^^^"^^^^ 


Sa'ond-fcet. 
69 
159 
265 
3a5 
518 
660 


Feet. 
2.2 
2.4 
2.6 
2.8 
3,0 
3.2 


Second-fed, 
812 
976 
1,148 
1,330 
1,528 
1,742 


Fed. 
3.4 
3.6 
3.8 
4,0 
4.2 
4.4 


1 

Secottd-fcet. 

Feet. 

Sctond'/eet. 

1,972     , 

4,6 

3,651 

2,218 

4.8 

3,951 

2, 480 

5.0 

4,^1 

2,758     1 

5.2 

4,551 

3,  a5i 

5.4 

4,851    , 

3,  a5i 

5.6 

5,151  ; 

FMbmited  tnonihiy  dis^'harge  of  tlie  Rh  Grande  near  Del  Nortf^  Oolo. 

[Drainage  area,  1.400  square  miles.] 


Month. 


I>ischargo  i;i  seeoiul-feot. 


Maximum.  ,   Minimum,  i     Mean. 


Kun-off. 


Total  in  acre- 
'  feet. 


Second-feet 
per  square 


ml 


8qu« 
lile. 


Depth  in 


1902. 
January 

February 

March 

April 

May 

June 

July 

August 

SeptenilK»r... 

October 

November . . . 

Deceml)er  . . . 


437 

336 

450 

:«5 

437 

189 

1,027 

265 

1,787 

660 

1,201 

210 

189 

112 

631 

69 

348 

112 

312 

169 

660 

200 

660 

518 

381 
412 
438 
638  I 
1,169  ! 
618  I 
152  I 
180  ' 
206  1 
242  I 
249  I 
547 


23, 427 
22,811 
26, 932 
37,964 
71, 879 
36,774 
9,346 
11,068 
'  12, 258 
14,880 
14,817 
3:5,634 


0.28 
.29 
.31 
.45 
.84 
.44 


The  year 


1,787 


69 


436  !      315,790 


12 
13  I 
15' 

1"  1 

18  i 

39  I 


0.32 

.?^ 

.  .v 

.97 
.49 
.14 
.]■> 

•  i: 

.15' 
.4^ 


.31 


4.24 


INDEX. 


Anadarko,    Okla.,   Btream    measurements 

at 13&-140 

Angelina  River,  Texas,  measurements  of..  142 
Arkansas  City,  Kans.,  stream  measurements 

at 11&-120 

Arkansas  River,  measurements  of,  at  Ar- 
kansas City,  Kans 119-120 

naeasurements  of,  at  Barton,  Colo 125-126 

at  Dodge,  Kans 122 

at  Hutchinson,  Kans 120-122 

at  Pueblo,  Colo 180-133 

at  Salida,  Colo 136-138 

at  Syracuse,  Kans 123-125 

near  Canyon,  Colo 133-136 

near  Nepesta,  Colo 128-130 

near  Rockyford,  Colo ^ 126-127 

stream  measurements  in  basin  of 113-138 

Ark  ins,  Colo.,  stream  measurements  near..  79-81 
Arlinsrton,    Nebr.,    stream    measurements 

near 51-53 

Austin,  Tex.,  stream  measurements  at. . .  149-153 

Bailey,  Colo.,  stream  measurements  at 94 

Ballinger,  Tex.,  stream  measurements  at..  152 
Bametts  Ford,  Tex.,  stream  measurement.s 

at 156 

Barton,  Colo.,  stream  measurements  at..  125-126 
Barton  Springs,  Texas,  measurements  of.  ]'S2-153 

Bear  Creek,  Colorado,  measurements  of t9,94 

Bear  Creek,  Texas,  measurements  of 154 

Benklexnan,  Nebr.,  stream  measurements 

at 113 

Bigr  Bend,  stream  measurements  at 9-1 

Bigr  Cypress,  Texas,  measurements  (;f 140 

Big  Sandy,  Tex.,  stream  measurements  near  141 
Big  Sandy  River,  Texas,  measurements  of.  141 
"Big  Sioux  River,  Nebraska,  mcosurementH 

of 49 

Big  Sioux  River,  South  Dakota,  measure- 
ments of 15-16 

BIk  Thomp«^n  Creek,  Colorado,  measure- 
ments of 79-81 

Bigb^i^    River,  Wyoming,  measurements 

of 2:^24  ' 

Biipspring,  Nebr.,  stream  measurements  at.  72-73 
Blue  Creek,  Nebraska,  measurements  of. ..       93  , 

Blue  River,  Kansas,  measurements  of 97-99  | 

Blue  River,  Nebraska,  measurements  of . . .      112  ^ 
Bozeman,  Mont.,  stream  measurements  near  4;)-45 
Brazos  River,  measurements  of,  at  Rich- 
mond, Tex 147 

measurements  of,  at  Waco,  Tex 143-146 

stream  measurements  in  basin  of 143-148 

Brldfifeport,  Nebr.,  stream  measurements  at.  64-66 


Page. 
Brush  Creek,  Wyoming,  measurements  of. .       94 

stream  measurements  at 91 

Buffalo,  Wyo.,  stream  measurements  at 20 

Buffalo  Creek,  Nebraska,  measurements  of.       92 
Buffalo  Springs,   Colo.,  stream   measure- 
ments near 94 

Burwell,  Nebr. ,  stream  measurements  at . . .  92 
Calamus  Creek,  Nebraska,  measurements  of.       92 

Camden,  Ark.,  stream  measurements  at 140 

Canadian  River,  Oklahoma,  measurements 

of 114 

Canyon,  Colo.,stream  measurements  near.  133-136 
Cascade,  Mont.,  stream  measurements  at ..  35-36 
Cenicero,     Colo.,     stream    measurements 

near 192-194 

Center  Creek,  Nebraska,  measurements  of .  112 
Chalk  Creek,  Colorado,  measurements  of . . .  138 
Clear  Creek,  Colorado,  measurements  of. . .  84-86 

Clear  Creek,  Texas,  measurements  of 156 

Clear  Creek,  Wyoming,  measurements  of . .  20, 94 

Cody,  Wyo.,  stream  measurements  at 21-23 

Colorado  River,  measurements  of,  at  Aus- 
tin, Tex 149-152 

measurements  of,  at  Columbus,  Tex 149 

miscellaneous 152 

stream  measurements  In  basin  of 148-166 

Columbus,  Nebr.,  stream  measurements  at.  55-57 

stream  measurement*  near 67-59 

Columbus,  Tex.,  stream  measurements  at. .      14S 

Comal  Creek,  Texas,  measurements  of 157 

Comal  Spring  Creek,  Tex.,  stream  measure- 
ments at 157 

Comfort,  Tex.,  stream  measurements  at 157 

Como,  Colo.,  stream  measurements  at 94 

Conifer,  Colo. ,  stream  measurements  near. .       -94 

Corlett,  Wyo.,  stream  measurements  at 94 

Cow  Creek,  Wyoming,  measurements  of...        94 

Craig,  Mont.,  stream  measurements  at 87 

Crete,  Nebr.,  stre-iin  measurements  at 112 

Crooked  Creek ,  Xobnijika,  measurements  of.  112 
Crow  Creek,  Montana,  measurements  of . . .  60 
Cuero,  Tex.,  stream  measurements  near . . .  156 
Culbertson,  Kebr.,  stream   measurements 

at 112-113 

Deer  Park  Creek,  Colorado,  measurements 

of ' 94 

Del    Norte,    Colo.,    stream    measurements 

near 194-196 

Denver,  Colo.,  stream  measurements  at....  86-88 
Devils  Gate,  Wyo. ,  stream  measurements  at.  72 
Devils  River,  Texos.  measurements  of . . . .  164-165 
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LETTER   OF   TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Division  of  Hydrography, 
Washington,  D.  (7.,  June  29,  190S. 

Sir:  I  have  the  honor  to  transmit  herewith  Water-Supply  Paper 
No.  85,  which  is  Part  IV  of  and  completes  the  report  of  progress  of 
stream  measurements  for  the  year  1902.  This  paper  contains  the  data 
which  has  been  received  during  1902  from  that  portion  of  the  terri- 
tory west  of  the  Mississippi  River  which  does  not  drain  into  either 
the  Mississippi  River  or  the  west,ern  Gulf  of  Mexico. 

This  paper  contains  for  the  various  gaging  stations  the  original 

data  as  collected  and  the  results  obtained  from  the  discussion  of  this 

data,  also  such  other  information  as  is  of  interest  in  hydrographic 

studies. 

Very  respectfully,  F.  II.  Newell, 

Hydrographer  in  Charge, 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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PROGRESS  REPORT  OF  STREAM  MEASURE 
MENTS  FOR  THE  CALENDAR  YEAR  1902. 


By  F.  H.  Newell. 


INTROBITCTION. 

This  paper  contains  data  collected  during  1902  from  that  portion 
of  the  territory  west  of  Mississippi  River  which  does  not  drain  into 
either  Mississippi  River  or  the  western  Gulf  of  Mexico.  It  com- 
pletes the  Report  of  the  Progress  of  Stream  Measurements  for  the 
Year  1902,  which  rei)ort  is  made  up  of  Water-Supply  Papers  Nos. 
82-85,  inclusive. 

Water-Supply  Papers  Nos.  82  and  83  contain  the  data  collected  in 
the  territory  east  of  Mississippi  River,  and  papers  Nos.  84  and  85 
that  collected  west  of  Mississippi  River.  The  material  in  each  of 
these  papers  consists  of  both  the  original  data  as  collected  at  the 
various  river  stations  and  the  results  obtained  from  the  discussion 
of  these  data;  also  brief  descriptions  and  facts  regarding  such  other 
subjects  as  are  allied  to  hydrographic  studies. 

For  convenience  in  arrangement  the  data  in  this  paper  have  been 
grouped  into  the  following  drainage  areas  and  arranged  in  the  order 
given:  Colorado  River  drainage,  Interior  Basin,  San  Francisco  Bay 
drainage.  Southern  California  drainage,  Columbia  River  drainage, 
Puget  Sound  drainage,  and  Hudson  Bay  drainage. 

On  figs.  1  and  2  the  dots  show  the  locations  of  the  stations  at  which 
the  TJnited  States  Greological  Survey  is  collecting  hydrographic  data. 
The  section  west  of  the  shaded  line  comprises  those  States  which  are 
covered  by  the  national  irrigation  act  of  June  17,  1902  (32  Stat.  L,, 
388*390),  and  the  cross-lined  areas  show  the  location  of  the  irrigation 
projects  which  are  now  under  investigation. 

In  collecting  hydrographic  data  the  Geological  Survey  has  received 
the  hearty  cooperation  of  various  individuals,  corx>orations,  and  States, 
as  mentioned  hereafter.    This  cooperation  has  made  possible  the  pub- 
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lication  of  many  valuable  recoixls,  which  could  not  otherw^ise  have 
been  obtained. 

A  brief  historical  sketch  of  the  stream  measurements  made  by  the 
United  States  Geological  Survey  is  published  on  pages  11—15  of  Water- 
Supply  Paper  No.  75. 


Fio.  1.— Location  of  river  stations  and  principal  irrigation  projects  in  western  balf  of  TTnitc^ 

States,  19Q2-8 

The  results  of  the  stream  measurements  made  during  the  past  years 
by  the  United  States  Geological  Survey  can  be  found  in  the  following 
publications,  which  may  be  consulted  at  the  public  libraries  in  most 
of  our  cities : 


1898.  Btdletin  No.  181. 
1894.  Bnlletm  No.  181. 
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189.-).  BnUetin  No.  140. 

1896.  Water  Snpply  Paper  No.  11,  Part  IV  of  the  Eighteenth  Annnal  Report. 

1897.  Water  Snpply  Pai)ers  Nos.  15  and  16,  Part  IV  of  the  Nineteenth  Annnal 
*port. 

1898.  Water  Snpply  Papers  Nos.  27  and  28,  Part  IV  of  the  Twentieth  Annual 
^port. 


Pio.  2.— Location  of  river  stations  in  eastern  half  of  United  States,  190J^8. 

1899.  Water  Snpply  Papers  Nos.  35  to  89,  inclusive,  Part  IV  of  the  Twenty-first 

^Jinual  Report. 

1900.  Water  Supply  Pai)ers  Nos.  47  to  52,  inclusive,  Part  IV  of  the  Twenty- 
second  Annual  Report. 

1901.  Water  Supply  Papers  Nos.  65,  66,  and  75. 

1902.  Water  Supply  Papers  Nos.  82  to  85,  inclusive. 


14  STREAM   MEASUREMENTS   IN   1902,  PART   IV.  [».» 

ACKNOWLEDGMENTS. 
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edgments  are  also  due  to  the  following  individuals  and  corporations  for  assistaDo 
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also  rendered  by  William  H.  Richardson  at  Glenwood  Springs. 

Idaho. — Resident  hydrographer,  K.  S.  Dils.  Acknowledgments  are  due  ti»tb^ 
Oregon  Short  Line  Railway  Company  for  transportation  furnished  N.  S.  Dils. 

Minnesota. — The  data  from  this  State  were  collected  by  the  late  G.  M.  Hall. 

Montana. — Resident  hydrographer,  J.  S.  Baker,  assisted  by  H.  B.  "Waters. 

JVeraria.— Resident  hydrographer,  L.  H.  Taylor,  assisted  by  E.  C.  Mnrphy  and 
D.  W.  Hays.  Acknowledgments  are  also  due  to  the  Southern  Pacific  Railn»' 
Company  and  Lake  Tahoe  Railway  and  Transportation  Company  for  transports 
tion  furnished. 

North  Dakota. — The  data  from  this  State  were  collected  by  the  late  C  M.  HaE 

Ore^o?!.— Resident  hydrographer,  Sydney  Arnold. 

Utah. — Resident  hydrographers,  Howard  S.  Reed  and  G^eorge  L.  S^wend»E 
assisted  by  W.  D.  Beers,  Caleb  Tanner,  and  W.  G.  Swendsen.  Ackno'v^ledgmen"* 
for  assistance  rendered  and  data  furnished  are  due  to  the  Utah  Ligrixt  and  Pliir^: 
Company,  Ogden,  Utah;  the  Hercules  Power  Company,  Logan,  XJtaJi,  and  xl' 
Bear  River  Canal  Company,  Corinne,  Utah. 

Washington. — Resident  hydrographers,  T.  A.  Noble,  assisted  by  H.  W.  Quisle 
and  Sydney  Arnold.    Acknowledgments  are  also  due  to  the  following  individual* 
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or  assistance  rendered  and  data  furnished:  To  Reginald  H.  Thomson,  city  engi- 
leer  of  Seattle,  "Wash.;  to  Lonis  G.  Heybrock,  who  has  been  voluntary  observer 
it  the  station  of  the  sonth  fork  of  Skykomish  River,  and  to  A.  A.  Batcheller,  who 
las  been  voluntary  observer  at  the  station  on  Cedar  River  at  Cedar  Lake,  and  to 
Tames  J.  Hill,  who  has  furnished  transportation  to  the  resident  hydrographer  in 
he  State  of  Washington  over  the  Great  Northern  Railway.  Transportation  has 
KH?n  furnished  to  Sydney  Arnold  by  Thomas  Cooper,  general  manager  of  the 
•^^orthem  Pacific  Railway,  thus  greatly  facilitating  the  extension  of  the  field  work. 
Wyoniiitg. — ^Resident  hydrographer,  A.  J.  Parshall.  Acknowledgments  are 
iLso  due  to  H.  G.  Burt,  president  of  Union  Pacific  Railroad  Company,  for  trans- 
K)rtation  furnished  over  its  lines  in  Wyoming  to  the  resident  hydrographer. 

COIiOBADO  RIVER  DRAINAGE  BASIN. 

Topographically  considered,  this  is  the  largest  hydrographic  basin 
ying  wholly  within  the  arid  region,  having  a  total  area  above  the 
own  of  Yuma,  Ariz.,  of  over  225,000  square  miles. 

This  basin  is  situated  in  Wyoming,  Utah,  Colorado,  Arizona,  New 
Mexico,  Nevada,  and  California,  but  the  principal  water  supply  comes 
Toiii  the  melting  snows  of  the  high  mountains  of  Wyoming,  Utah, 
iiid  Colorado.  The  minimum  flow  is  less  than  3,000  cubic  feet  per 
»ceond.  The  maximum  reaches  more  than  50,000  cubic  feet  per 
jeeond. 

Tliis  stream  has  been  called  the  Nile  of  America.  Like  the  Nile,  the 
r^olora<lo  is  subject  to  an  anniikl  summer  rise,  which  comes  at  a  time 
vheii  it  is  most  needed  for  irrigation.  Its  waters  carry  a  large  amount 
)f  sediment,  reaching  as  high  as  2,000  parts  of  sediment  to  100,000 
iiirta  of  water.  The  minimum  amount  is  carried  during  the  winter 
nonths  and  probably  is  never  less  than  60  parts  of  sediment  to 
100,000  parts  of  water. 

Prof.  R.  H.  Forbes,  in  Bulletin  No.  44,  University  of  Arizona  Agri- 
niltiiral  Experiment  Station,  says: 

On  the  basis  of  the  profile  constructed  from  available  data  for  the  volume  of 
low  of  the  Colorado,  and  of  the  year's  silt  determinations  made  in  this  laboratory, 
t  i8  estimated  conservatively  that  the  river  during  1900  brought  down  about 
H.(K)0,000  tons  of  sedimentary  material,  which,  condensed  to  the  form  of  solid 
•ock,  is  enough  to  cover  26.4  square  miles  1  foot  deep,  or  to  make  53  square  miles 
)f  dry,  alluvial  soil  1  foot  deep,  or  to  make  about  164  square  miles  of  recently 
tettled,  submerged  mud  1  foot  deep,  reckoning  the  whole  amount  of  mud  for  the 
rear  to  average  6.2  times  the  bulk  of  the  solid  sediment. 

Comparatively  a  small  amount  of  land  is  irrigated  by  the  waters  of 
Jolorado  River,  owing  to  the  fact  that  the  main  stream  and  both 
)f  its  tributaries  are  situated  so  far  below  the  level  of  the  irrigable 
ands  as  to  render  their  diversion  extremely  difficult  or  impracticable. 

There  are  two  pumping  plants  that  lift  water  for  irrigation  at  Yuma 
md  several  at  other  points  on  the  river  above  Yuma.  The  Imperial 
3anal  diverts  water  at  a  point  on  the  right  bank  of  the  river  6  miles 
below  Yuma.  It  is  the  intention  of  the  owners  of  this  canal  to  reclaim 
%  large  tract  of  fertile  land  situated  in  Mexico  and  in  California. 
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The  system  is  still  in  process  of  construction.     On  December  4,  r.»''-. 
this  canal  was  carrying  494  second-feet  of  water. 

During  December,  1901,  and  January,  1902,  a  reconnaissance  w 
Colorado  River  and  valley  was  made  from  the  Needles  and  Yuma  by 
J.  B.  Lippincott  and  others.  In  October,  1902,  a  reconnaissance  wa? 
made  by  Mr.  Lippincott,  beginning  at  a  point  called  Greggs  Ft^rn. 
Mohave  County,  Ariz.,  and  extending  to  the  Needles,  Cal. 

Numerous  dam  and  reservoir  sites  and  diversion  points  for  caiial> 
were  discovered,  together  with  large  tracts  of  fertile  land  capable  of 
being  irrigated.  In  November,  1902,  extensive  topographical,  mi 
and  hydrographic  surveys  were  begun  in  Colorado  River  Valley  bv 
the  Reclamation  Service  of  the  Geological  Survey. 

Colorado  River  is  formed  by  Grand  and  Green  rivers,  in  the  south- 
eastern part  of  Utah.  Of  its  tributaries,  Gila  River  rises  in  tbt* 
western  part  of  New  Mexico  and  flows  west  into  the  Colorado.  u\ 
Yuma,  Ariz.,  draining  the  southern  half  of  Arizona.  Salt  River,  ir- 
principal  tributary,  joins  it  about  15  miles  west  of  PhcBnix,  Ariz. 
Rio  VeMe  and  Tonto  Creek  are  tributaries  of  Salt  River  from  tk 
north.  The  San  Juan  River,  with  its  tributaries,  drains  souih- 
western  Colorado,  northwestern  New  Mexico,  and  northeastern  ^Vrl- 
zona.  It  takes  a  generally  westward  course  into  the  Colorado,  north 
of  the  Utah-Arizona  boundary.  Animas,  Los  Pinos,  and  Flori«U 
rivers  are  tributaries  in  southwestern  Colorado.  Grand  River  1ia» 
its  source  on  the  Continental  Divide,  in  the  northern  part  of  Colc^^ 
rado,  and  flows  southwest  to  its  junction  with  Green  River.  Gunni- 
son River,  its  principal  tributary,  joins  it  from  the  south,  a  shur 
distance  south  of  Grand  Junction,  Colo.  Dolores  River  rises  iii 
southwestern  Colorado  and  flows  northwest  into  the  Grand,  in  east^-rn 
Utah.  Green  River  lases  in  the  Wind  River  Range  of  mountain.^  in 
the  western  central  part  of  Wyoming,  its  main  source  being  in  il^ 
lofty  peaks  of  the  Continental  Divide.  The  source  of  its  tributarit^ 
is  also  among  the  higher  snow-covered  ranges,  maintaining  tL^ 
volume  of  this  stream  late  into  the  summer.  The  principal  branch*^ 
of  White  River  rise  in  the  White  River  Plateau,  a  well-forestt^i 
tract  in  the  White  River  Forest  Reserve.  A  number  of  lakes,  amon: 
which  are  Oyster,  Marvin,  Traverse,  and  Deep  lakes,  furnish  imp<»r 
tant  reservoir  sites,  if  such  are  ever  needed.  Duchesne  River,  wit: 
its  tributaries,  the  Uinta,  Lake  Creek,  and  Whiterocks  River,  flo«- 
into  the  Green,  near  the  mouth  of  White  River,  and  near  Ouw} 
Utah.  The  Ashley  is  a  small  tributary  of  the  Green,  in  northeaster. 
Utah.  Yampa  River  rises  in  the  eastern  part  of  Routt  County 
Colo.,  and  flows  in  a  general  westerly  direction  through  the  entir 
county  and  empties  into  Green  River,  near  the  western  boundjw? 
The  stream  is  somewhat  i)eculiar  in  its  character,  the  upper  braneh-r"^ 
having  considerable  fall,  and  the  water,  therefore,  flowing  rapiJI; 
over  shoals  of  gravel  and  rock,  is  thus  easily  taken  out  for  utilise- 
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lion.     The  following  is  a  list  of  the  stations  in  the  Colorado  River 
drainage  basin: 

Colorado  River  at  Yuma,  Ariz. 

Colorado  River  at  Bnlls  Head,  Ariz. 

Verde  River  near  McDowell,  Ariz. 

Salt  River  at  McDowell,  Ariz. 

Salt  River  at  reservoir  site,  below  Tonto  Creek,  near  Livingstone,  Ariz. 

Tonto  Creek  near  Livingstone,  Ariz. 

Gila  River  at  San  Carlos,  Ariz. 

Animas  River  at  Dnrango,  Colo. 

Florida  River  near  Dnrango,  Colo. 

Los  Pinos  River,  at  Ignacio,  Colo. 

Dolores  River  at  Dolores,  Colo. 

Qonnison  River  at  Whitewater,  Colo. 

Gnnnison  River  at  lola,  Colo. 

Grand  River  at  Palisades.  Colo. 

Grand  River  at  Glenwood  Springs,  Colo. 

White  River  at  Meeker,  Colo. 

Uinta  River  at  Onray  School,  near  Leland,  Utah. 

Dacliesne  River  at  Price  Road  Bridge,  Utah. 

Lake  Creek  at  Wagon  Bridge  (near month),  Utah. 

Uinta  River  at  Fort  Dnchesne,  Utah. 

Uinta  River  near  Whiterocks,  Utah. 

Whiterocks  River  near  Whiterocks,  Utah. 

Ashley  Creek  near  Vernal,  Utah. 

Yampa  River  at  Craig,  Colo. 

Green  River  at  Greenriver,  Wyo. 

COLORADO  RIVER  AT  YUMA,  ARIZ. 

Records  of  river  height  have  been  maintained  by  the  Southern 
Pacific  Railroad  Company  at  their  bridge  since  April  1,  1878.  The 
gage  at  this  point,  reading  from  10  to  22  feet,  is  nailed  to  the  lower 
side  of  the  first  pier  from  the  south  bank  of  the  river;  the  portion 
reading  from  22  feet  to  40  feet  is  nailed  to  an  8-inch  by  8-inch  post 
on  the  north  side  east  of  the  bridge.  The  gage  height  plus  100  feet 
is  the  Southern  Pacific  elevation  above  sea  level.  The  channel  of  the 
river  shifts  very  rapidly,  the  bed  silting  and  scouring  with  every 
change  of  river  height,  so  that  the  relation  of  gage  height  to  discharge 
is  not  constant. 

Meter  measurements  have  been  made  at  this  point  by  the  Survey  at 
various  times  since  April,  1895,  but  on  account  of  the  shifting  charac- 
ter of  the  channel  no  rating  table  has  been  constructed  until  this  year. 
This  rating  table,  which  is  applicable  from  January  1  to  October  10, 
1902,  is  approximate  only.  The  discharge  from  October  10  to  Decem- 
ber 31  was  estimated  from  numerous  meter  measurements. 
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[no.  <x 


Discharge  measurevfients  of  Colorado  River  at  Yuvia^  Ariz. 


Date. 


1902. 
January  9  .     .    . 
Febrnarv20. 

May  30 

July  7...-   .    . 

July  9 

October  11 

October  14.   . 

October  17 

Octo])er  21  _ 

October 24.   .     . 
November  12 
November  18 
November  15    . 
November  18 . 
November  20  . 
November  22 . 
November  24  . 
November  26  . 
November  28 
December  1  .    . 
December  3 
December  5  .   . 
December  8  .   .  . 
December  10  . 
December  12  . 
December  15    . 
December  16 
December  18    . . 
December  19  . 
December  2^    . . 
December  22 
December  24 
December  26  . 
December  27 
December  29 
December  31  . . . 


Hydrogrrapher. 


.  I 


J.  B.  Lippincott . . 

S.  G.  Bemiett 

do 

W.  W.  FoUett . .  - 

S.  G.  Bennett 

do  ._..     .-.- 

R.P.H.Laney  .. 

...-do 

do 

do 

S.  G.  Bennett 

do . 

W.D. Smith...   . 

do 

do    -. 


._do  - 

.do 

-do 

-do 

-do  . 

-do  . 
.-do  . 
.-do  - 
.-do  . 

-do 
.-do  . 
.-do  - 
..do  . 
.-do  - 
.-do  . 
.-do  - 

-do 
..do  . 

.do  - 
..do  . 
.-do 


hei^t. 

I>i9charg«e. 

Fvet. 

Sec.-fr^t. 

17. 20 

!             3,63: 

17. 15 

3, 2:^^ 

23.00 

38, 4<Xi 

21.06 

18,:c,<i 

20.52 

14.799 

18.50 

6, 0:30 

17.90 

4,79cl 

17.50 

3, 5-19 

17.60 

4.  2i:Q 

17.50 

3,  r>4: 

17.40 

3. 614 

17.50 

3.N<v» 

18.55 

5,276 

18.  a5 

4, 213 

18.00 

4.:«> 

18.10 

4.«*>i' 

18.45 

5.541' 

18.40 

4.975* 

18.50 

5.  TAi 

20.00 

12, 596 

19.25 

7.862 

18.  a5 

6,347 

18.30 

4,  s2-i 

18.20 

5,<M 

18.00 

4.6*» 

17.65 

3,  MS 

17.50 

3. 5H9 

18.30 

5.  :»51 

18.05 

4,6i»7 

18. 05 

5, 2:?7 

17.  70 

4,69^ 

18.00 

4,  ^^*» 

18.10 

5,  V^ 

18.30 

5,497 

18.00 

4,  r>ss 

17.70 

4,176 
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Daily  gage  height,  in  feet,  of  Colorado  River  at  Yuma,  Ariz, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Got. 

Nov. 

Dec. 

1902. 
1 

17.10 
17.00 
17.00 
17.00 
17.00 
17.00 
17.00 
17.80 
17.80 
17.80 
17.30 
17.80 
17.80 
17.80 
17.30 
17.30 
17.40 
17.60 
17.70 
17.70 
17.70 
17.70 
17.70 
17.70 
17.80 
17.90 
17.90 
17.90 
17.80 
18.00 
18.00 

18.00 
18.00 
18.00 
17.90 
17.90 
17.80 
17.70 
17.70 
17.60 
17.60 
17.60 
17.60 
17.10 
17.10 
17.20 
17.30 
17.30 
17.80 
17.80 
17.20 
17.10 
17.30 
17.70 
18.00 
18.10 
18.10 
18.10 
18.00 

17.90 
17.90 
18.00 
17.90 
17.90 
17.90 
18.10 
18.20 
18.10 
18.10 
18.10 
18.10 
18.20 
18.80 
18.80 
18.40 
18.40 
18.80 
18.30 
18.30 
18.30 
18.30 
18.80 
18.80 
18.80 
18.20 
18.80 
18.30 
18.30 
18.30 
18.80 

18.20 
18.00 
17.90 
17.90 
17.90 
18.00 
18.00 
18.20 
18.80 
18.20 
18.20 
18.20 
18.20 
18.20 
18.20 
18.20 
18.10 
18.00 
18.00 
18.00 
18.00 
18.80 
10.80 
19.80 
19.80 
19.80 
19.90 
20.00 
19.80 
19.80 

20.00 
20.70 
20.80 
20.60 
20.30 
20.80 
20.40 
20.60 
20.30 
20.60 
22.00 
22.30 
22.30 
22.80 
28.90 
23.20 
23.60 
28.70 
24.10 
24.30 
24.30 
24.40 
24.40 
24.40 
24.40 
24.60 
24.80 
24.00 
23.60 
23.00 
22.70 

22.80 
22.20 
22.20 
22.70 
23.10 
23.10 
28.60 
23.70 
24.00 
24.20 
24.80 
24.20 
24.30 
24.00 
23.80 
23.90 
23.70 
23.80 
23.70 
23.60 
23.60 
23.60 
23.20 
23.10 
23.00 
22.70 
22.00 
22.50 
22.30 
22.20 

28.00 
21.70 
21.60 
21.80 
21.10 
20.80 
20.70 
20.60 
20.40 
20.80 
20.80 
20.60 
20.60 
20.20 
20.10 
20.00 
20.30 
19.80 
19.80 
19.70 
19.50 
19.40 
19.30 
19.40 
19.10 
19.30 
19.00 
18.80 
18.50 
18.40 
18.80 

18.40 
18.80 
18.80 
18.80 
18.10 
18.00 
17.90 
17.80 
17.80 
17.80 
17.70 
17.70 
17.60 
17.60 
17.60 
17.40 
17.30 
17.30 
17.10 
17.  a) 
17.80 
18.50 
18.30 
17.90 
17.80 
18.00 
17.90 
17.70 
17.80 
17.20 
17.20 

17.60 
17.80 
17.00 
18.00 
18.80 
18.80 
18.00 
17.60 
17.60 
17.80 
17.80 
17.80 
17.30 
17.30 
17.30 
17.20 
17.70 
17.60 
17.30 
17.30 
17.00 
16.80 
16.80 
16.90 
17.10 
16.80 
16.70 
16.60 
17.50 
19.40 

18.90 
18.60 
18.40 
18.60 
18.30 
18.10 
18.00 
18.10 
18.10 
18.10 
18.60 
18.80 
18.00 
17.80 
17.80 
17.60 
17.60 
17.40 
17.60 
17. 6f) 
17.40 
17.40 
17.30 
17.30 
17.30 
17.30 
17.80 
17.30 
17.20 
17.20 
17.80 

17.40 
17.30 
17.80 
17.80 
17.80 
17.80 
17.20 
17.20 
17.20 
17.80 
17.30 
17.40 
17.60 
18.00 
18.60 
IS.DO 
17.80 
18.10 
18.10 
18.10 
18.00 
18.10 
18.10 
18.40 
18.50 
18.40 
18.50 
18.50 
18.60 
18.30 

20.00 

2 

19.60 

3 

4 

19.30 
19.00 

5 

6 

18.90 
18.60 

7 

18.40 

8 

18.80 

» 

10 

11 

12 

13 

18.30 
18.20 
18,10 
18.00 
18.10 

14 

17.70 

15 

16 

17 

17.60 
17.50 
17.70 

18 

18.30 

19 

18.10 

20 

21 

18.00 
17.80 

22 

17.80 

)!3 

17.80 

24 

18.00 

25 

18.20 

26 

27 

18.10 
18.30 

28 

29 

18.20 
18.00 

3() 

17.80 

81 

17.  TO 

Rating  table  for  Colorado  River  at  Yuma,  Ariz, ,  for  1902, 


Gage 
heli^t. 

Discharge. 

Gaffe 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gaffe 
height. 

Discharge. 

Feet. 

Secondrfeet. 

Feet. 

Secondr/eet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

16.5 

3,030 

18.2 

4,920 

20.4 

13,800 

22.6 

33,400 

16.6 

8,050 

18.4 

5,340 

20.6 

15,200 

22.8 

85,800 

16.7 

3,080 

18.6 

5,790 

20.8 

16,600 

23.0 

38,200 

16.8 

3,120 

18.8 

6,310 

21.0 

18,200 

23.2 

40,800 

16.9 

3,170 

19.0 

6,910 

21.2 

19,800 

28.4 

43,400 

17.0 

3,230 

19.2 

7,590 

21.4 

21,500 

23.6 

46,100 

17.3 

3,880 

19.4 

8,360- 

21.6 

28,300 

28.8 

48,900 

17.4 

3,580 

19.6 

9,300 

21.8 

25,100 

24.0 

51,700 

17.6 

3,850 

19.8 

10,300 

22.0 

27,000 

24.2 

54, 700 

17.8 

4,160 

20.0 

11,400 

22.2 

29,000 

24.4 

57,700 

18.0 

4,520 

20.2 

12,600 

22.4 

31,200 
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[NO.SS. 


Estimated  monthly  discharge  of  Colorado  River  at  Yuma,  Artz. 

[Drainage  area,  226,049  square  milee.  ] 


Month. 


1902. 

Jannary 

February 

March 

April 

May 

June - . 

Jtdy 

Angnst 

September 

October 

November 

December 

The  year . 


Discharge  in  seoond-feet. 


Maxlmom. 


4,530 

4,720 

5,340 

11,400 

59,200 

56,200 

27,000 

5, 560 

8,360 

6,600 

5, 540 

12,600 


59,200 


M^'i^'"'""^ 


8,230 
8,300 
4,340 
4,340 
11,400 
29,000 
5, 130 
3,230 
3,050 
3,140 
3,140 
3,590 


Mean. 


3,727 
3,955 
I  4,903 
'  6,179 
35,961 
42,520 
12, 527 
4,183 
3,819 
4,299 
4,187 
5, 412 


8,050 


Total  in 
acre-feet. 


10,973 


229, 164 
219,650 
301,474 
367, 676 
2,211,156 
2,530,115 
770, 255 
257,203 
227, 246 
264,335 
249,144 
332, 771 


7, 960, 189 


8econd-f eed  t^.,.  ,.  , 


0.017 
.018 
.022 
.027 
.160 
.180 
.056 
.019 
.017 
.019 
.019 
.034 


.049 


0.0-id 
.019 
.(£J5 
.im 
.I'H 
.211 
.065 
.023 
.019 

.021 
.0> 


COLORADO  RIVBR  AT  BULLS  HEAD,  ARIZ. 

A  gaging  ntation  was  established  at  a  point  of  rocks  on  Colorado 
River,  known  as  the  Bulls  Head,  by  E.  T.  Perkins,  en^neer.  The 
station  is  situated  at  the  Bulls  Head,  35  miles  north  of  Needles,  Cal., 
and  is  accessible  only  by  wagon  road  up  the  Arizona  side  of  the  river. 
A  cable  was  stretched  across  the  river  at  this  point  on  December  1, 
1902.  T.  M.  Whedbee,  hydrographic  aid,  was  assigned  as  observer. 
He  resided  at  the  engineering  camp,  which  had  headquarters  at  this 
locality. 

The  river  was  measured  with  a  Price  electric-current  meter  three 
times  a  week,  and  rod  readings  were  taken  daily.  Mr.  Whedbee  is 
believed  to  be  a  reliable  and  accurate  observer.  The  equipment  con- 
sisted of  a  five-eighths-inch  cable  and,  a  gaging  car  and  tag  wire.  Th<* 
station  was  maintained  as  long  as  the  engineering  camp  remained  at 
the  Bulls  Head,  and  then  the  material  was  removed  and  stored  at  the 
Needles,  with  the  exception  of  the  gage  rod. 

The  gage  is  an  inclined  wooden  rod  divided  into  tenths  of  a  foot 
It  is  well  painted  and  is  fastened  to  the  left  rock  bank  of  the  river. 
A  bronze  bench-mark  tablet  is  set  on  the  Arizona  side  in  the  rock 
about  20  feet  above  low-water  mark  and  about  50  feet  downstream 
from  the  gage  rod.     The  elevation  of  the  bench  mark  is  530.523  feet 
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above  sea  level  and  the  zero  of  the  rod  equals  an  elevation  of  499.902 
feet.  The  initial  point  for  soundings  is  the  left  bank.  The  river 
channel  is  straight  for  about  1,000  feet  above  and  500  feet  below  the 
cable  station  and  the  current  is  rather  swift.  The  banks  are  high 
and  rocky,  but  the  channel  of  the  river  is  shifting  silt.  A  determina- 
tion was  made  of  the  value  of  ^^n"  at  this  gaging  station.  It  was 
found  that  "n"  equaled  0.010. 

Discharge  meamirementa  of  Colorado  River  at  Bulla  Head, 


Date. 


Hydrogrspher 


J.  T.  Whistler. 


1902. 

December  5 

I 

December  10 ,  L.  M.  Barnes. 

December  13 _ do 

December  17 do 

December  20 do 

December  24 do 

December  29 ...do 

December  31  _ .-do 


Gaee 
heigbt. 

Discharge. 

t     Feet. 

Second-feet. 

'       8.00 

5,786 

2.65 

4,051 

2.45 

3,222 

2.95 

4,138 

3.50 

4,792 

3.23 

4,939 

2.45 

3,866 

2.20 

2,913 

VERDE  RIVER  NEAR  M'DOWELL,  ARIZ. 

A  number  of  large  irrigation  enterprises  have  been  planned,  designed 
to  divert  water  from  the  lower  stretch  of  this  river  to  irrigate  lands 
north  of  Phoenix,  but  none  has  been  constructed.  The  results  of 
measurements  of  this  river  combined  with  those  of  Salt  River  show 
the  amount  of  water  available  for  the  irrigable  lands  of  Phoenix 
Valley.  The  dam  of  the  Arizona  Canal  Company  is  located  on  Salt 
River  immediately  below  the  mouth  of  the  Verde.  The  gaging  station 
on  the  Verde  is  located  three-fourths  of  a  mile  above  its  mouth  and  30 
miles  northeast  of  Phoenix.  It  was  established  April  20,  1897.  The 
station  is  equipped  with  a  cable,  car,  and  tagged  wire.  The  gage 
consists  of  a  2  by  4  inch  inclined  rod  fastened  to  posts  driven  into  the 
east  bsnk  of  the  river  about  400  feet  below  the  gaging  cable.  The 
bencli  mark  is  on  a  cat's-claw  tree  {Acacia)  about  100  feet  southeast 
of  the  old  gage,  on  a  cotton  wood  tree,  which  is  60  feet  below  the  cable. 
The  elevation  of  the  bench  mark  is  27.02  feet  above  gage  datum.  The 
channel  of  the  river  is  similar  to  that  of  Salt  River — sandy  and  liable 
to  change  during  a  slight  rise,  and  a  large  number  of  measurements 
are  necessary  in  order  to  accurately  determine  the  discharge. 
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Dtacharge  measurements  of  Verde  River  near  McDowell^  Ariz, 


Date. 


1902. 


Jannary  4  _ . . 
January  11 . . 
January  19  _ 
January  25 . 
January  27 . 
February  1. 
February  8. 
February  15. 
February  22 

March  1 

March  8 

March  15 

March  22... 

March  26 

March  29... 

Aprill 

April  5 

April8 

April  10 

Aprill5 

April  19 

July  14 

July  19 

July  26 


Hydrographer. 


J.  Fred  Appleby. 
do 


do 

do 

-do 

do 

do  _. 

do 

do 

do 

W.  Richins 

do 

do 

-...do 

do 

do 

do 

do 

do 

do _ 

do. - 

Frank  P.  Trott 

do 

do 


Oaee 

1 
DitrbarfEL 

Feet. 

Seaynd-fH-t 

5.88 

^ 

5.36 

9*» 

5.29 

t9I 

5.35 

963 

5.41 

^ 

5.45 

m 

5.85 

^ 

6.32 

911 

5.31 

S39 

5.40 

345 

5.40 

251 

5.41 

333 

5.85 

3«> 

5.48 

281 

5.50 

2T3 

5.95 

^ 

5.52 

252 

5.42 

U\ 

5.60 

256 

5.20 

150 

5.10 

116 

4.47 

91 

4.58 

« 

5.00 

U^ 
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Daily  gage  height,  in  feet,  of  Verde  River  near  McDowell,  Ariz, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

July. 

1902. 
1 

5.83 
5.34 
5.34 
5.83 
5.33 
5.33 
5.39 
5.35 
6.34 
6.32 
5.36 
5.35 
5.86 
5.35 
5.83 
5.29 
5.29 
6.29 
5.29 
5.31 
5.82 
5.33 
5.88 
5.33 
5.36 
5.45 
5.41 
5.88 
6.39 
6.46 
5.43 

6.44 
5.43 
5.43 
5.40 
6.89 
5.89 
5.40 
6.34 
5.36 
6.38 
5.36 
5.85 
5.38 
6.38 
5.32 
5.82 
5.31 
5.83 
5.36 
5.34 
6.32 
5.31 
5.33 
5,32 
5.37 
5.42 
5.39 
5.36 

5.40 
6.42 
5.42 
5.43 
6.44 
5.42 
5.40 
5.40 
6.87 
6.40 
5.40 
6.47 
5.43 
5.42 
5.41 
.  6.41 
6.41 
6.41 
5.41 
6.40 
8.39 
5.85 

5.93 
6.93 
6.68 
5.63 
6.51 

2 

3 

4 ■ 

5 

6 

7_ _ 

5.42 
6.44 
6.56 
5.49 
5.42 
5.89 

8 _ 

9 ._.. 

10 

11 

12 

13 

U 

5.27 
6.20 
6.17 
6.15 
6.11 
5.10 

15 

16 

17 



18...                   .      

19 

20 

- — 

21 

23 

4.90 

5.85 
5.40 
5.52 
5.47 
5.49 
5.49 

4.85 

25 

7.44 

26 

5.00 

27 

28 

29               ..  .  ;  

30 

31 

5.42 

1 

SALT  RIVER  AT  M'DOWELL,  ARIZ. 

Irrigation  is  practiced  to  a  small  extent  on  Salt  River  in  what  is 
known  as  Tonto  Valley,  but  shortly  after  Tonto  Creek  joins  it  the 
river  enters  a  canyon  and  continues  in  it  until  a  short  distance  above 
the  mouth  of  Verde  River.  At  this  point  the  river  reappears  from 
its  canyon,  and  its  course  is  thence  across  the  Plains  district  until  it 
enters  Gila  River  at  the  northwest  corner  of  Gila  River  Indian  Reser- 
vation. From  the  mouth  of  Verde  River  down  to  Gila  River  a  num- 
ber of  large  canals  divert  the  water  of  Salt  River  and  serve  the 
extensively  irrigated  lands  in  the  vicinity  of  Phoenix  on  the  north  side 
and  Mesa  on  the  south  side  of  the  river.  During  ordinary  seasons  all 
of  the  water  of  Salt  River  is  diverted,  and  at  the  present  time  there 
is  a  shortage  in  the  summer  months.  The  gaging  station,  established 
April  20,  1897,  is  located  4,000  feet  above  the  mouth  of  the  Verde 
and  30  miles  northeast  of  Phoenix.  The  gage  consists  of  a  2  by  6  inch 
scantling  bolted  to  rocks  on  the  south  side  of  the  river  about  300 
feet  above  the  cable.     The  bench  mark  is  a  nail  in  a  palo  verde  tree 
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about  75  feet  west  of  the  north  cable  anchorage  and  is  17.33  feet  above 
gage  zero  The  bed  of  the  river  is  sandy  and  shifting,  and  it  is  neces- 
sary to  make  a  large  number  of  measurements  in  order  to  obtain  an 
accurate  estimat<e  of  the  discharge. 

The  station  was  temporarily  discontinued  during  1900,  but  measure- 
ments were  resumed  in  1901. 

Discharge  measurements  of  Salt  River  at  McDcnoell,  Ariz. 


Date. 


Hydrogrrapher. 


1902. 

January  4 

January  11 

JanTiaryl9 .do 

January  25 \ do 

January  27 _ - do 

February  1 i do 

February  8 .do 

February  15 do 

February  22 _ do 

March  1 _  - do 

March  8 .  _ ,  W.  Richins 


March  15 

March  22 

March  26 

March  29 

April  1 

April  5 

Aprils 

April  10 

April  15 

April  19 

July  14 

July  19 

December  24 


do 

do 

do  .... 

do  _•-... 

do 

...Ido 

do 

do 

do  

do 

F.  P.  Trott 

do  ..... 

W.  Richins 


Feet. 

0.82 

.79 

.82 

.85 

1.03 

.99 

.92 

.90 

.89 

.97 

.91 

.87 

.85 

1.02 

.96 

.92 

1.00 

1.12 

1.35 

1.26 

1.12 

.18 

.61 

1.30 


SeayndM 

157 

i:« 

214 

\7i 

\^y 
1* 
191 

19? 
194 
306 

231 

2« 
35: 
3$^ 


56 
126 
41: 


NEWKLI..] 
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Daily  gage  height,  in  feet,  of  Salt  River  at  McDowell,  Ariz,,  for  1902. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

Day. 

Jan. 

Feb. 

Mar. 

0.88 

.88 

.85 

.85 

.85 

.85 

.89 

.92 

1.04 

1.01 

1.00 

.99 

.96 

.98 

.90 

Apr. 

1 

0.79 
.79 
.79 
.88 
.82 
.81 
.83 
.81 
.80 
.81 
.78 
.77 
.81 
.81 
.81 
.81 

0.99 
.97 
.94 
.91 
.90 
.92 
.98 
.92 
.92 
.91 
.90 
.90 
.90 
.90 
.90 
.91 

0.96 
.96 
.94 
.93 
92 
.92 
.92 
•  .91 
.89 
.91 
.88 
.87 
.87 
.87 
.87 
.88 

0.91 

.91 

.91 

.93 

.99 

1.06 

1.07 

1.14 

1.28 

1.37 

1.40 

1.40 

1.85 

1.30 

1.24 

1.21 

17 

0.82 

.82 

.81 

.83 

.83 

.83 

.88 

.83 

.85 

1.02 

1.08 

1.02 

.98 

1.06 

1.08 

0.91 
.90 
.90 
.89 
.89 
.89 
.89 
.89 
.90 
.98 
.93 
.96 

1.19 

2 

13 

1.14 

3 

19 

1.12 

4 

20 

5 

21 

6 

22 

7.. 

23 

8 

24 

- 

9 

25 

10 

26 

11 

27 

28 

12 

13 

29 

14 

30 

15 

31 

16 

Estimated  monthly  discharge  of  Salt  River  at  McDowell,  Ariz, 

[Dralnagre  area,  6,200  square  miles.] 


Month. 


1002. 

January 

February  ._. 

March 

April  1  to  19. 


Discharge  in  second-feet. 


MAximnm. 


250 
231 
250 


Minimum. 


137 
193 

174 


Mean. 


176 
198 
197 
287 


Total  in 
acre-feet. 


10,816 
11,020 
12, 131 
10,816 


Run-off. 


Second-feet 

per  square 

mile. 


0.028 
.032 
.031 
.046 


Depth  in 
inches. 


0.082 
.038 
.036 
.032 


,  SALT  RIVER  AT  RESERVOIR  SITE,  NEAR  LIVINGSTONE,  ARIZ. 

The  station,  established  February  7,  1901,  by  H.  G.  Heisler,  is 
15  miles  west  of  Livingstone,  Ariz.  The  rod  is  on  the  left  bank  of 
the  river  at  the  upper  end  of  the  jrorge.  Gagings  are  made  from  a 
traveling  car  suspended  from  a  cable. 
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Discharge  measurements  of  ScUt  River  at  reservoir  site  near  Livingstone^  Ariz, 


Date. 


1902. 


Hydrofin^pher. 


W.  Richins. 
do 


•Tannary  4  .....  _ 

January  8 

January  11 j do - . 

January  14 i do 

January  17 .  i do 

January  20 —  | do 

January  24 —  I do 

January  27 ..j do 

January  31 ; do  ..- 

February  4 Osbum  BichinB. 

February7 do 


February  11  _ 

February  14 _ 

February  18 .  

February  21 _ 

February  25-.. 

February  28 

March  4 

March  7 

March  11. 

March  14 _ 

March  19 

March  21 

March  25_ 

March  28 

April  4 

April  7 

AprillO 

April  14 ,- 

Aprill8 .i do 

April  21 .do 

April  25 do 

April  30 i do 

May  5 do 

May  8 do 

May  18 do 

I 

May  15 i do 

May  19 i do 

May  28 ! do 


do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 


Oafire 


^S^t.  I  l^h*^ 


Feet. 
7.03 
7.00 
6.98 
7.03 
.7.01 
7.02 


Second'fttL 

174 
174 
164 

174 
176 


7.02 

1T» 

7.19 

2a"? 

7.13 

215 

7.09 

193 

7.10 

^3 

7.09 

187 

7.10 

19S 

7.09 

190 

7.09 

1« 

7.10 

IS.-. 

7.19 

2ir. 

7.13 

19:3 

7.09 

m 

7.12 

a>-i 

7.09 

is: 

6.90 

174 

6.92 

173 

7.20 

214 

7.17 

193 

7.24 

244 

7.30 

267 

7.51 

361 

7.41 

SiM 

7.30 

259 

7.23 

222 

7.19 

199 

6.98 

l.-fci 

6.89 

147 

6.90 

147 

6.80 

lis 

6.80 

125 

7.47 

324 

6.92 

166 

J*EWEI-I«] 


COLOBADO  »IVEB  DBAn^AGE   BASIN. 
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DiscJturge  measurements  of  Salt  River  at  reservoir  site  near  Livingstone,  Ariz.— 

Continued. 


D  ;.te. 


1902. 

May  27 

Jane  2 

June  6  _ _ . 

Jnne  10 

Jnne  14 

Jnne  26 _.. 

Jnne  29 

Jnne  30  _._ 

Jnly6. 

Jnlyl2 

Jnlyl8_ 

Jnly23_ 

JnlySl 

Ang^nst  4 

Angnst  8 

Angnst  9 

Angnst  11 

Angnst  18 

Angnst  24 

September  1 

Septembers 

September  11 

September  18 


Hydrogrspher. 


Osbnm  Richins 
do _.. 


-do 
-do 
.do 
-do 
-do 
-do 
-do 
-do 
-do 
-do 
-do 
-do 
-do 
-do 
-do 
-do 
-do 
-do 
-do 
-do 
.do 


September  19 -do 

September  30 ...do 

October  6 ...do 

October  18 - do 

October  27 do 

November  7.. - do 

November  13 do 

November  20 _ .  -do 


November  28- ' do 


December  2  . 
December  18 
December  14 
December  20 


do 
do 
do 
do 


height. 


Discharge. 


Feet. 

Second-feet, 

7.29 

256 

7.09 

189 

6.89 

148 

6.71 

98 

6.64 

91 

6.48 

91 

6.45 

86 

6.58 

70 

6.41 

80 

6.35 

69 

6.84 

150 

6.65 

106 

6.40 

79 

7.04 

90 

7.59 

873 

7.85 

657 

8.96 

2,401 

7.00 

187 

7.84 

541 

6.91 

125 

8.05 

798 

7.10 

212 

7.00 

178 

8.65 

2,045 

9.80 

8,943 

6.81 

149 

6.80 

147 

6.80 

189 

6.81 

145 

7.55 

478 

6.92 

188 

7.28 

844 

6.90 

191 

8.10 

774 

9.00 

2,477 

7.21 

817 

28 


STREAM   MEASUREMENTS   IN   1902,   PART    TV. 


[xo.«ii 


Daily  gage  height,  in  feet ^  of  Salt  River  at  the  reservoir  site  near  Ltving9tan>?. 

Ariz. 


Day. 

Jan. 

Feb. 

1902. 
1 

6.99 
6.98 
7.01 
7.02 
7.01 
7.01 
7.01 
7.00 
7.00 
6.99 
6.98 
7.01 
7.08 
7.04 
7.01 
7.02 
7.01 
7.01 
7.02 
7.08 
7.03 
7.08 
7.02 
7.02 
7.(« 
7.20 
7.19 
7.13 
7.14 
7.18 
7.13 

7.13 
7.12 
7.10 
7.09 
7.10 
7.10 
7.11 
7.11 
7.11 
7.11 
7.11 
7.11 
7.11  1 

2 

3 

4 

5 

6 

7 -. 

8 

9 

10 

11 

12 

13 

14      

7.11  1 

16 

7.10  1 

16 

7.10  ' 

17 

1 
7.10 

7.09 

7.10 

7.10 

7.10 

7.10 

7.10 

7.11 

7.10 

7.13 

7.20 

7.18 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Mar. 

Apr. 

7.19 

7.12 

7.14 

7.12 

7.16 

7.19 

7.18 

7.24 

7.13 

7.24 

7.12 

7.29 

7.10 

7.H2 

7.09 

7.43 

7.13 

7.61 

7.11 

7.61 

7.06  1  7.50 

7.11 

7.47 

May. 


7.11 
7.09 
7.09 
7.11 
7.10 
6.&'> 
6.86 
6.94 
6.91 
6.99 
7.08 
7.17 
7.2() 
7.30 
7.19 
7.16 
7.12 
7.12 
7.11 


7.47 


7.39 


7.38 
7.81 
7.31 
7.29 
7.29 
7.25 
7.23 
7.22 
7.22 
7.21 
7.19 
7.19 
7.19 
7.18 
7.09 
a.  97 


6.83 
6.48 
6.65 
6.80 
6.89 
6.87 
6.89 
6.90 
6.88 
6.83 
6.81 
6.81 
6.80 
6.80 
6.80 
6.80 
6.«) 
6.83 
7.80 
7.00 
6.97 
6.95 
6.98 
7.08 
7.19 
7.25 
7.29 
7.29 
7.30 
7.19 
7.14 


June. I  July. 


7.10 
7.65 
6.98 
6.92 
6.90 
6.87 
6.82 
6.80 
6.80 
6.78 
6.71 
6.68 
6.66 
6.65 
6.65 
6.64 
6.64 
6.68 
6.60 
6.68 
6.64 
6.52 
6.51 
6.49 
6.49 
6.48 
6.46 
6.46 
6.45 
6.44 


6.44 
6.43 
6.48 
6.42 
6.42 
6.41 
6.40 
6.40 
6.38 
6.96 
6.86 
6.35 
6.33 
6.81 
6.81 
6.41 
6.45 
6.78 
6.62 
6.60 
6.58 
6.56 
6.67 
6.97 
6.79 
6.84 
6.76 
6.73 
6.63 
6.61 
6.40 


Aug.l  Sept. 


6.37 
6.35 
7.23 
6.95 
6.43 
6.90 
7.38 
7.85 
7.68 
7.43 
8.65 
9.68 
7.90 
7.90 
7.23 
7.17 
7.06 
6.98 
6.94 
6.90 
6.83 
6.80 
6.77 
8.32 
7.95 
7.66 
7.40 
7.27 
7.11 
7.07 
6.97 


6.91 
6.86 
6.83 
6.80 
7.85 
7.30 
7.26 
6.93 
6.90 
7.10 
7.16 
7.07 
6.90 
6.96 
7.14 
7.08 
7.08 
7.00 
7.75 
9.60 
9.66 
9.46 
9.29 
9.13 
9.00 
8.75 
8.43 
7.75 
7.85 
7.15 


Oct, 


7.04 

7.00 

6.  SI 

6.88 

6.81 

6.81 

6.81 

6.80 

6.80 

6.80 

6.80 

6.80 

6.80 

6.80 

6.78 

6.78 

6.78 

6.79 

6.80 

6.80 

6.80 

6.80 

6.80 

6.80 

6.80 

6.80 

6.80 

6.80 

6.80 

6.81 

6.81 


NoT.'D*^- 


6.81  < 

6.S1  ; 

6.81 
6.81  ■ 
6.81  I 
6.81  , 
6.81  , 
6.81  ' 
6.S1  I 
6.83  ; 
6.95  { 
7.87 
7.50 
7.12 
7.09 
7.00 
6.99 
6.94 
6.92 

6.98  ' 
7.66 
7.64 
7.36 
7.12 
7.10 
7.0BS 

6.99  . 
6.98  I 
6.95 
6.94 


$.9 

6l9" 
&») 

1* 

6.» 
IK) 
&£ 

&e 

.H9E 
T* 

:.s 

712 

:.« 

7.3! 

:.* 

:.* 
:.a 

7.4'' 

:.* 

:.» 

Th 


Rating  table  for  Salt  River  at  reservoir  site  near  Livingstone,  Ariz,  ^  for  19vJ. 


Gage 
height. 

Diflcharge. 

Gage 
height. 

Diflchage. 

Gage 
height. 

Discharge. 

Garo 
hei^t. 

I>iacharg«*. 

Feet 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Fee*. 

Second'/ett 

6.2 

33 

7.1 

204 

8.0 

765 

8.9 

3,  675 

6.3 

45 

7.2 

236 

8.1 

915 

9.0 

2,92o 

6.4 

58 

7.3 

272 

8.2 

1,090 

9.1 

3, 175 

6.5 

72 

7.4 

310 

8.3 

1,290 

9.2 

3,425 

6.6 

88 

7.5 

350 

8.4 

1,500 

9.8 

8, 675 

6.7 

106 

7.6 

400 

8.5 

1,715 

9.4 

8,9d5 

6.8 

126 

7.7 

462 

8.6 

1,940 

9.5 

4,175 

6.9 
7.0 

150 
176 

7.8 
7.9  ' 

540 
640 

8.7 
8.8 

2,175 
2,425 

- 

NEW  ELL.] 
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Estimated  monthly  discharge  of  Salt  River  at  reservoir  site  near  Livingstone j 

Ariz, 

[Drainage  area,  6,756.  sqtiare  mlloH.] 


Month. 


1902. 

January  

February  

March . 

April 

May  _  _ 

Jnne 

Jtdy 

Angii8t  

September 

October  _  . . . 
November ... 
Dec:ember 

Tbeyear 


DiBctaarge  in  second-feet. 


Maximnm. 


236 

296 

236 

350 

272 

204 

163 

4,675 

4,425 

190 

431 

2,800 


4,675 


Minimttm. 


176 

204 

97 

163 

72 

65 

45 

52 

138 

126 

126 

150 

45 


Mean. 


189 
207 
201 
268 
167 
106 
78 
478 
1,057 
131 
189 
441 


293 


Total  in 
acre-feet. 


11,621 

11,496 

12, 359 

15, 947 

10,268 

6,307 

4,796 

29, 391 

62,896 

8, 055 

11,246 

27,116 


211,498 


Run-off. 


Second-feet 

per  square 

mile. 


0.033 
.036 
.035 
.047 
.029 
.018 
.014 
.083 
.184 
.023 
.033 
.077 


Depth  in 
inches. 


.051 


0.088 
.037 
.040 
.052 
.033 
.020 
.016 
.096 
.205 
.027 
.037 
.089 


.690 


TONTO   CREEK  NEAR  LIVINGSTONE,  ARIZ. 

The  station,  established  April  1,  1901,  by  H.  G.  Heisler,  is  15  miles 
west  of  Livingstone,  Ariz.  It  is  about  half  a  mile  al)ove  the  month. 
The  gage  is  a  vertical  rod  naUed  to  a  cliff  of  cemented  gravel  on  the 
left  bank. 
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Discharge  Tneasurements  of  Tonto  Creek  near  Livingstone,  Ariz, 


Date. 


1902. 

January  4 

January  17  _ 

January  24 

January  27. 

February  4 

February  7 

February  11 

February  14 

February  18 

February  21 

February  25 

February  28 

March  4 

March  7. 

March  11. 

March  14^ 

March  19 

March  21 

March  28._ 

April  4 

April  7 

April  14 

April  25 

May  5 

May  19 

August  6_ 

August  8 

August  11 

August  24 

September  5 

September  19 

November  13 

November  21 

November  23 


Hydrographor. 


W.  Bichins 

do 

do 

do 

O.  Richins  . 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 


December  13 ' do 


December  14 
December  29 


hSSft.    "^"^ 


do 
do 


Fett. 

Second-ftit 

2.90 

S 

2.90 

3 

2.90 

S 

2.95 

3 

2.95 

3 

2.93 

3 

2.95 

3 

2.95 

3 

2.95 

3 

2.95 

8 

2.93 

3 

2.95 

3 

2.94 

3 

2.94 

3 

2.95 

3 

2.91 

2.92 

4 

2.90 

4 

2.91 

<3 

4# 

2.91 

3 

2.91 

3 

2.91 

3 

2.91 

3 

2.91 

3 

4.05 

114 

3.70 

241 

3.50 

]T. 

4.00 

sni 

4.35 

431 

3.51 

^ 

4.70 

910 

3.90 

903 

4.83 

74^) 

3.78 

154 

4.90 

1,0M 

5.30 

i,:t3 

3.20 

84 

EWELU] 
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Daily  ffoge  height,  in  feet  j  of  Tonto  Creek  near  Livingstone,  Ariz, 


Day. 

Jan. 

2.90 
2.90 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 

Feb. 

2.95 
2.95 
2.95 
2.95 
2.95 
2.95 
2.96 

Mar. 

Apr. 

May. 

2.01 
2.01 
2.01 
2.91 
2.91 
2.91 
2.91 
2.91 
2.91 
2.91 
2.91 
2.91 
2.91 
2.91 
2.91 
2.91 
2.91 

1 

June.  July.  Aug. 

Sept. 

Oct. 

Nov. 

2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
3.20 
3.67 
3.86 
8.86 
8.19 
3.07 
2.98 
2.94 
2.02 
2.02 
4.70 
4.68 
8.68 
3.48 
3.44 
3.30 
a20 
8.25 
8.22 
8.10 

Dec. 

1 

1902. 
1 _ 

2.95 
2.95 
2.95 
2.94 
2.94 
2.94 
2.94 

2.01 
2.01 
2.91 
2.91 
2.91 
2.91 
2.91 
2.91 
2.91 
2.91 
2.91 
2.91 
2.91 
2.91 
2.91 
2.91 
2.91 

2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 



2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.90 
2.90 
2.90 
2.90 
2.90 
3.63 
5.60 
2.00 
2.90 
2.90 
3.15 
2.90 
2.90 
2.90 
2.90 
2.90 

2.00 

2.90 

2.00 
2.00 
2.00 
2^00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
200 
2.00 
2.00 
2.00 
2.00 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.00 
2.00 

1 

8.10 

o 

2.00    2.00 

3.14     2.00 

8.00    2.00 

[2.97     2.90 

8.10 

3 

8.10 

4.    .._ 

ty                                        

8.08 
3.07 

« 

3.48 

2.00 

3.05 

3.00     2.94 
4.28     2.02 

3.00 

8          

2.95     2.94 

2.06 

9 

2.95 
2.95 
2.06 
2.95 
2.95 

2.96 
2.96 
2.95 
2.95 
2.95 
2.91 
2.94 
2.94 
2.94 
2.92 
2.92 

4.10 
4.80 
3.00 
4.95 
4.40 

2.00 
2.00 
3.05 
2.05 
2.03 

2.06 

H\       

2.02 

11            

2.02 

12 

y.i        

2.02 
5.15 

11 

2.00    2.95 
2.90  '  2.96 
2.90  1  2.85 
2.90  i  2.95 
2.90  ,  2.95 
2.90     2.95 

3.75     2.90 

5.20 

ir> 

Hi         

3.28 
3.00 
2.05 
2.06 
2.08 
2.00 
2.00 
2.00 
2.00 
4.10 
3.90 
3.96 
8.30 
3.10 
2.99 
2.94 
2.91 

3.10 
3.05 
2.08 
2.95 
4.88 
6.45 
5.10 
4.52 
8.90 
3.87 
8.10 
2.97 
2.95 
2.08 
2.00 
2.00 

4.56 
4.10 

17             

8.00 

2.91  '  2.01 
2.01  1  3.61 
2.01     2.08 
2.01     2.95 
2.91     2.95 
2.91  1  2.00 
2.01     2.00 
2.91  1  2.90 
2.91     2.90 

3.06 

19             

4.25 

2.90     2.95  !  2.02 
2.00     2.95  1  2.00 

4.10 

21              

8.78 

2:i         

2.00  i  2.95 
2.00  1  2.05 
2.00  ;  2.96 
2.03     2.08 
2.05     2.06 

2.00 
2.00 
2.00 
2.02 
2.01 

8.68 
8.65 

24 

25 

a36 
3.28 
3.24 

27 

28              

2.05     2.95     2.91 
2.05    2.06     2.01 

3.00   '  2.91 

8.00   1  2.91 

3.00  ' 1  2.91 

2.91 
2.91 
2.91 
2.91 

2.90 
2.00 
2.00 
2.00 

3.18 
8.19 

29 

8.20 
3.10 

31 

2.90 

8.00 

32 
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Estimated  monthly  discharge  of  Tonto  Creek  near  Litnngstone^  A  riz. 

[Drainage  area,  1,0B0  square  milea.] 


Month. 


1902. 

Jannary  

February  . . 

March 

April 

May 

June 

July -_ 

August 

September  .. 

October 

November. . 
December  _  _ 


Diacbarge  in  second-feet. 


Maximum. 


8.0 

4.0 

2.8 

2.6 

116.0 

2.4 

1,708.0 

1,158.0 

1,308.0 

2.4 

1,008.0 

1,408.0 


The  year 1,708.0 


Minimum. 


2.7 
2.5 
2.3 
2.6 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.6 


2.3 


Mean. 


8.8 
8.0 
2.6 
2.6 
6.3 
2.4 
42.2 

143. 7 

138. 8 
2.4 

93.8 
188.4 


52.5 


Total  in 
acre-feet. 


200 

168 

159 

152 

387 

146 

2, 597 

8,aS7 

8,258 

151 

5,583 

11,582 


38,220 


Rnn-off. 


Second-f €»et  I 

i 


persqaare 
mue. 


Depth  is 
in<^ire#>. 


1 


0.003 
.003 

.002 

.002 

.006 

.003 

.041 

.139 

.134 

.002  i 

.091   ' 

.182  * 


.051 


0.0»>4 
.0^3 

.onc5 

.003 

.003 
.047 

.w 

.  H>i 
.210 


.«« 


Note.— The  daily  discharges  were  obtained  by  interpolation  from  the  measurementa. 


GILA  RIVER  AT  SAN   CARLOS,    ARIZ. 

The  general  character  of  the  country  through  which  Gila  River 
flows  is  a  high  and  rolling  plateau,  with  the  river  flowing  through  it 
in  a  deep  canyon,  and  with  practically  no  agricultural  lands  within 
its  area.  The  river  emerges  from  its  upper  canyon  about  10  miles 
before  it  reaches  the  Arizona  line,  and  thence  flows  through  a  valley 
of  considerable  width,  known  as  Duncan  Valley,  until  just  before  it 
receives  the  waters  of  San  Francisco  River.  Duncan  Valley  in  which 
a  number  of  ditches  divert  water  for  irrigation  purposes  was  described 
at  length  in  the  Twenty-first  Annual  Report.  • 

Gila  River  is  in  canyon  for  about  20  miles  below  the  mouth  of  the 
San  Francisco,  or  to  within  10  miles  of  Soloraonsville.  At  this  point 
the  hills  separate,  forming  a  large  valley  which  has  been  extensively 
settled  and  is  now  one  of  the  finest  irrigated  portions  of  the  Terri- 
tory. This  valley  extends  from  a  point  10  miles  above  Solomonsville 
to  6  miles  below  the  mouth  of  San  Carlos  River  on  the  White  Moun- 
tain Indian  Reservation.  At  this  latter  place  the  mountains  sud- 
denly close  in  again  and  the  river  enters  another  canyon.  Seven 
miles  below  the  Indian  agency  at  San  Carlos  the  canyon  boxes  to  a 
width  of  100  feet,  and  at  this  point  is  located  the  San  Carlos  dam  site. 
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which  was  studied  by  the  United  States  Geological  Survey  during 
1890,  in  connection  with  the  investigation  of  the  water  supply  of 
Gila  River.  The  results  of  this  investigation  are  published  in 
^Vate^-Supply  and  Irrigation  Paper  No.  33,  entitled  Storage  of  Water 
on  Gila  River,  Arizona,  by  J.  B.  Lippincott.  In  connection  with  this 
investigation  Cyrus  C.  Babb,  on  July  11,  1890,  established  a  station 
on  Gila  River  one-half  mile  south  of  the  Indian  agency  at  San  Carlos 
and  below  the  mouth  of  San  Carlos  Creek.  An  inclined  rod  securely 
fastened  to  posts  driven  into  the  bank  was  erected  here.  The  bench 
mark  is  a  20-penny  nail  in  the  base  of  a  mesquite  tree  5  inches  in 
diametyer,  85  feet  west  of  the  gage  rod,  at  an  elevation  of  12.67  feet 
above  gage  datum.  Discharge  measurements  are  made  from  a  cable 
and  car  a  short  distance  above  the  gage  rod.  The  channel  is  straight 
for  some  distance  above  and  below  the  station,  and  the  water  is  com- 
paratively swift.  The  right  bank  is  high,  but  the  left  is  low  and  liable 
to  overflow.     The  bed  of  the  stream  is  sandy  and  shifting. 

Discliarge  measurementH  of  Oila  River  at  San  Carlos^  Ariz, 


Date. 


1902. 

January  31 

January  31 

February  28 

March  3l_ _ 

Do- -- 

April  30 

Do --. 

August  7 

August  15 _ . 

August  22 

August  26 

September  1 

September  9 

September  21 

Septeml)er26 

October  15 

November  15 

December  14 

December  21 

December  81 


Hydrographer. 


Stephen  Janus 
do 


-do 
.do 
.do 
-do 
.do 
.do 
_do 
.do 
.do 
.do 
.do 
.do 
-do 
-do 
-do 
.do 
-do 
.do 


height.     i>»»c^r««- 


Feet. 
1.90 
1.90 

1.70 

(«) 
(«) 
(«) 
(«) 

2.50 
3.20 
2.50 
3.40 
2.20 
1.70 
2.30 
1.20 

(«) 

(«) 
3.40 

2.90 

2.20 


Second-feet. 

60 

61 

27 

9 

9 

5 

9 

454 

738 

447 

.    8,118 

375 

70 

431 

62 

6 

12 

2,485 

1,315 

865 


IRR  85—03- 


-3 


a  No  water  at  g&ge. 
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Daily  gage  height  j  in  feet,  of  Gila  Kiv-er  at  San  (\irlos,  Ariz. 


t 

3 
4 

6 
6 

7. 

8. 

9 

10. 
11 
12. 
13 
U. 
15 
16 
17 
18. 
19. 

ao. 

21. 

22 

28 

24 

25 

26 

27 

28. 

29. 

30. 

81 


Day. 


1902. 


Jan. 


2.01) 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.03 
1.93 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.00 
1.90 
1.9;) 
1.90 


Feb.       Mar.  ,  July.  ,  Ansr.   ,    Sept, 


I>^. 


1.90 

1.70 

1.90 

l.TO 

1.90 

l.TO 

1.90 

1.70 

1.90 

1.70 

1.90 

1.00 

1.90 

1.60 

1.90 

1.00 

1.90 

1.00 

1.90 

\.m 

1.90 

l.SO 

1.90 

1.50 

1.90 

1.60 

1.90 

1.45 

1.88 

1.46 

1.85 

1.45 

1.85 

1.40 

1.83 

1.40 

1.80 

1.40 

1.80 

1.40 

1.80 

1.80 

2.a5 

1.80 

i.as 

1.75 

1.70 

1.70 

1.40 

1.70 



1.45 

1.70 

1.70 

1 

1 
1        ..    1 

1 
1 

1.00 

2.  a)  . 

1.50 

2.ao  . 

1  50 

2.10    . 

L.'iO 

2.10    . 

1.50 

2.00    - 

1.50 

2,00    . 

2.45 

1.90    . 

i.a> 

1.80 

—  **  »•>• 

1.85 

1.70    . 

2.10 

l.TO    - 

2.20 

1.70    - 

. .. . .   - 

2.10 

l.TO    - 

:i.35 

i.eo 

3.30 

i.eo 

a.»' 

3.10 

i.eo 

t% 

2.25 

i.ao 

£.<« 

2.40 

i.eo 

H- 

2.40 

I.eo  ' 

±^ 

2.0) 

i.eo  , 

ij*' 

1.85 

I.eo, 

•  •«. 

1.65 

2.15 

St' 

1.5() 

t                  1 
1.45  • 

2.:' 

1,50 

1       1.30 

2> 

3.45 

1     i-a» . 

2.* 

3.65 

i.ao  ' 

2.*' 

3.60 

1.20  i 

•4 

2.80 

i.io 

24 

2.90 

1 

24' 

3.25 

1 

2,.t' 

2.60 

1 

*:*■ 

2.30 

1 
1 -..■ 

•  *» 

NoTK.  -No  water  at  gagv<  Mar.  23  to  July  21,  July  27  to  31,  Oct.  1  to  Dec*.  14. 

Rating  table  for  Gila  Rix^er  at  San  Carlos,  Ariz.,  for  UH);^. 

JANUARY  1  to  JULY  31. 


Gage 
height. 

Feet. 

Discharge.  ' 

■  ,1 

fiecond-feH.^ 

Gage 
height. 

Feet. 

Discharge. 

'     Gage 
height. 

Discharge. 
Second-feet. 

hei{^. 

1 

Second-feet. 

Feel. 

Feet. 

^Serx>nd-/rrt 

1.4 

8    .1 

2.0 

115 

2.6 

780 

3.2 

'          2,010 

1.5 

12     , 

2.1 

190 

2.7 

955 

3.3 

'        2, 24o 

1.6 

18     ' 

1 

2.2 

285 

2.8 

1,130 

3.4 

2,4^> 

1.7 

20 

2.3 

395 

2.9 

1,820 

3.5 

1        2,715 

1.8 

40 

1 

2.4 

515 

3.0 

1,540 

.!___ 

1.9 

,      70  ; 

2.5 

640 

8.1 

1,775 

1 

. 
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Hating  table  for  Oila  River  at  San  Carlos  ^  Ariz,,  for  1902 — Continued. 

AUQUST  1  TO  DECEMBER  81. 


G«ee 
heiErht. 

Discharge. 

t 

Oaore 
heifirlit. 

Discharge. 

Gage 
height. 

Discharge. 

hi^^t 

Discharge. 

Feet. 
1.0 

Second-feet. 
3 

Feet. 
1.7 

Second-feet. 
75 

Feet. 
2,4 

Second-feet. 
520 

Feet. 
3.1 

Second-feet. 
1,775 

1.1 

6 

1.8 

108 

2.5 

640 

3.2 

2,010 

1.2 

11 

1.9 

150 

2.6 

780 

3.3 

2,245 

1.3 

17 

2.0 

200 

2.7 

955 

3.4 

2,480 

1.4 

25 

2.1 

260 

2.8 

1,130 

3.5 

2,715 

1.5 

35 

2.2 

334 

2.9 

1,320 

3.6 

2,950 

1.6 

50 

2.3 

420 

3.0 

1,540 

Estimated  monthly  discharge  of  Gila  Riv&r  at  San  Carlos,  Ariz. 

[Drainage  area,  18,456  square  milee.] 


Month. 


.    1902. 

January 

Febmary 

March  1-20 

April 

May 

Jane 

Jnly  22-26 

August  - 

September  1-27. 

October 

November 

December  14-31 


Discharge  in  second-feet. 


Maximum. 


152 
70 


3,067 


M<ntTnfiT« 


70 
26 


3 


Mean. 


99.51 

55.48 

«15.60 

(«) 

(«) 

(«) 

all8.50 

792.00 

«108. 70 

(«) 

(«) 

«961.00 


TotaMn 
acre-teet. 


6,118.6 

3, 078. 4 

625.5 


1,308.5 

48, 698. 0 

5,821.3 


84, 286. 1 


Rnn-off. 


Second-feet 

per  square 

mue. 


0.0074 
.0041 
.0011 


Deptii  in 
inches. 


.0089 
.0588 
.0080 


0.0085 
.0043 
.00082 


.0017 
.0670 
.0080 


.0714 


.0480 


a  For  these  imrtions  of  the  year  there  was  no  water  at  the  gage. 
ANIMAS  RIVER  AT  DURANGO,  COLO. 

The  statiou  was  first  established  June  20, 1895,  and  has  been  main- 
tained during  the  greater  part  of  each  year  since. 

The  original  gage  was  located  at  the  old  wagon  bridge  one-quarter 
of  a  mile  west  of  the  railroad  station  at  Durango,  and  about  200  feet 
above  the  Rio  Grande  Southern  Railroad  bridge.  It  was  spiked  to  the 
west  side  of  the  south  end  of  the  middle  pier  of  the  wagon  bridge. 
The  head  of  a  bolt  at  the  east  abutment  of  the  railroad  bridge  is  17.24 
feet  above  gage  datum.     During  the  early  part  of  1899  the  old  wagon 
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bridge  was  removod  and  a  new  one  erected  a  short  dist-ance  Ijelov. 
April  1,  1800,  on  the  central  pier  of  this  bridge  a  new  rod,  which  is  a 
vertical  piece  of  timber  graduated  to  feet  and  tenths,  was  faslenei. 
The  bench  marks  are  three  horizontal  strips,  opx)osite  the  10-,  U-, 
and  10. 7-foot  marks  of  the  rod,  respectively.  Owing  to  this  ehanu'*^ 
in  location  and  height  of  the  rod  there  is  no  apparent  relation  betwetii 
the  rating  tables  before  1800  and  the  rating  table  for  1899  and  after. 
On  June  25, 1000,  the  gage  was  referred  to  a  new  bench  mark — ajwini 
chiseled  on  the  lower  side  of  the  left-hand  abutment  of  the  hridi:- 
16.84  feet  above  the  zero  of  the  rod.  Lightner  Creek  enters  the  rivtr 
from  the  right  about  100  feet  below  the  bridge.  The  channel  at  th^- 
station  is  straight,  the  bed  is  of  gravel  and  bowlders,  and  the  bank> 
are  sufficiently  high  that  there  is  little  danger  of  overflow.  The 
observer  is  C.  G.  Graden,  of  Durango. 

The  following  discharge  measurements  were  made  during  190i?  Ity 
A.  L.  Fellows: 

March  20:  Gage  height  6.15  feet;  discharge,  148  second-feet. 
July  12:  Gage  height  0.72  feet;  discharge,  303  second-feet. 

Daily  gage  height,  in  feet,  of  Aninuis  River  at  Duranga,  Colo. 


1 

Day. 

1902. 

Apr.- 

«.  10 
6.10 
6.10 
6.2r) 
6.40 
6.50 
6.00 
6.60 
6.70 
6.90 
0.9t) 
7.00 
6.90 
6.90 
6.80 
6.80 
7.10 
7.00 
7.20 
7.50 
7.50 
7.40 
7.60 
7.00 
7.00 
6.90 
7.10 
7.90 
7.70 
H.30 

2 

3 

i 

5 - 

6 

7 

8 

9 - 

10 

11 

12 

13 

14 

15 - 

16 

17 

18 

19 





80 

21 

22 

23 

24 

25 

28 

27  

28 

29  ..    

30  .  ... 

1 

31 

1 

1 

May. 

June. 

1 
July. 

Aug. 

1 
Sept. 

8.50 

9.10 

6.80 

6.40 

6.80 

9.00 

8.80 

6.80 

6.40 

6.80 

9.30 

8.90 

6.80 

6.40 

6.  TO 

8.90 

9.20 

6.80 

6.30 

6.70 

8.70 

8.90 

6.80 

6.30 

6.60 

9.30 

8.80 

6.80 

6.20 

650 

9.60 

8.60 

6.80 

6.80 

6.50 

9.20 

8.90 

6.80 

6.80 

6.0U 

9.00 

8.80 

6.80 

6.20 

6.50 

9.00 

8.60 

6.80 

6.80 

6..W 

9.50 

8.50 

6.70 

6.80 

6.50 

9.00 

8.50 

6.70 

6.20 

6.00 

8,70 

8.40 

6.70 

6.30 

6.eo 

8.60 

8.40 

6.00 

6.40 

6.60 

8.70 

8.00 

6.60 

6.40 

6.50 

9.00 

7.90 

6.00 

6.30 

6.60 

9.00 

7.90 

6.60 

6.30 

6.40 

8.90 

7.80 

6.50 

6.30 

6.30 

8.20 

7.70 

6.50 

6.30 

6.40 

7.90 

7.50 

6.50 

«.30 

6.40 

7.60 

7.30 

6.50 

6.30 

7.00 

7.50 

7.30 

6.50 

6.30 

6.90 

7.50 

7.20 

6.60 

6.40 

6.70 

7.90 

7.20 

6.40 

6.90 

7.00 

8.00 

7.10 

6.40 

7.60 

7.00 

8.10 

7.10 

6.40 

7.60 

7.00 

8.90 

7.00 

6.40 

7.40 

7.00 

8.30 

7.00 

6.40 

7.80 

6.80 

8.50 

6.90 

6.40 

7.10 

6.90 

8.70 

6.90 

6.40 

7.00 

6.90 

8.40 



6.40 

6.80 

7,«)  . 

6.90 

7.UI      . 

6.W 

6.3<>  . 

6.40 

6.50 

6.01)  

6.7U  .. 

6.50  - 
6.60 

6.S0  .. 

6.40  . 

6.40  ... 

6.51)' 

6.50  I. 
6.S0;. 

6.50  

6.50      - 
6.50 

6.50  . 

6.50  

6.50  ... 

6.50  

6.50  

6.S0  ..  - 

6.5D  ... 

6.50  . 
ft,50 

6.S0  .  . 


NKWELL.] 
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Rating  table  for  Animas  River  at  Durango,  Colo.  ^  for  190S, 


heig 


fM. 


Feet. 
5.6 
5.7 
5.8 
5.9 
0.0 
G.l 
6.2 
6.3 


Discharge.  ' 

Gage 
height. 

Second-feet. 

Feet. 

50     1 

6.4 

63 

6.5 

80 

6.6 

100     , 

6.7 

120     1 

6.8 

140     1 

6.9 

160     ' 

7.0 

182     , 

7.1 

Discharge. 


Gaj 

height. 


kge 

Kht 


1 
Second-feet. 

;     Feet. 

206 

7.2 

232 

7.3 

263 

7.4 

300 

7.5 

342 

7.6 

387 

7.7 

435 

7.8 

486 

7.9 

1 

Discharge. 

Gage 
height. 

Discharge. 

Second-feet. 

Feet. 

Second-feet, 

540 

1 

8.0 

1,076 

597    1 

8.2 

1,244 

655     1 

8.4 

1,427 

717     1 

8.6 

1,622 

782     ' 

8.8 

1,829 

850 

1 

9.0 

2,050 

922     1 

9.2 

2,300 

997     1 

9.4 

2, 590 

Estimated  monthly  discharge  of  Animas  River  at  Durango^  Colo. 

[Drainage  area,  812  square  miles.] 


Month. 


Maxiinum 


1902. 

April 

May 

June 

July 

August 

September  _ 
October 


l^e  in  second-feet. 

Minimum. 

Mean. 

140 

445 

717 

1,699 

387 

1,179 

206 

271 

160 

273 

182 

299 

206 

256 

Total  in 
acre-feet. 


26, 479 
104, 467 
70, 155 
16,663 
16, 786 
17,792 
15,741 


Bnn-off. 


Second-feet 

per  square 

mile. 


0.549 
2.092 
1.452 
.334 
.836 
.368 
.  315 


Depth  in 
inches. 


0.61 
2.41 
1.62 
.38 
.39 
.41 
.36 


FLORIDA  RIVER  NpAR  DURANGO,    COLO. 

« 

During  1899  work  was  being  done  on  a  large  storage  project  near 
the  head  of  the  river,  and  on  this  account  a  gaging  station  was  estab- 
lished by  A.  L.  Fellows  May  19,  1899.  It  is  located  at  a  wagon  bridge 
at  Stewart's  ranch,  which  is  about  6^  miles  east  of  Durango  and  is 
reached  by  driving.  The  gage  rod  consists  of  a  vertical  4-inch  strip 
7i  feet  long,  graduated  to  feet  and  tenths  and  spiked  to  the  east 
abutment  of  the  bridge.  The  bench  mark  was  e^stablished  April  15, 
1901,  and  consists  of  a  spike  in  an  8-inch  cottonwood  stump,  50  feet 
south  from  and  5.86  feet  above  the  zero  of  the  rod.  Gagings  are  made 
at  the  wagon  bridge,  except  at  low  water,  when  they  may  be  made  by 
wading.  Information  derived  at  this  point  is  of  importance,  as  it  is 
desired  that  the  excess  water  of  this  stream  shall  be  made  available 
by  means  of  storage  reservoirs  in  the  upper  part  of  this  drainage 
basin.  Much  valuable  land  can  be  irrigated  if  this  water  is  properly 
conserved.  The  station  was  discontinued  during  1900.  The  observer 
is  Mrs.  Annie  Stewart,  who  lives  near  by. 
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[m.& 


The  following  discharge  measurement  was  made  in  1902  by  A.  L 
Fellows: 

July  11:  Gage  height,  0.80  foot;  diflcharge,  11  seoond-feet. 

Daily  gage  height,  in  feet,  of  Florida  River  near  DurangOj  Colo. 


1. 

2. 

8. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
IB. 
19. 
20. 
21. 
22. 
28. 
24. 
25. 
26. 
27. 
88. 
29. 
80. 
81. 


Day. 


1902. 


Apr. 


May. 


0.80 
.80 
.85 
.90 
.00 
1.00 
1.10 
1.10 
1.15 
1  15 
1.80 
1.40 
1.35 
l.ST) 
1.15 
1.80 
1.60 
1.65 
1.95 
1.90 
1.85 
1.45 
1.25 
1.25 
1.85 
1.63 
1.50 
1.90 
2.05 
2.45 


2.40 
2.50 
2.45 
2.56 
2.10 
2.10 
2.20 
2.05 
1.90 
1.80 
1.95 
1.95 
1.90 
1.80 
1.75 
1.80 
1.70 
1.50 
1.85 
1.20 
L15 
1.15 
1.10 
1.80 
f.55 
1.60 
1.95 
1.90 
1.85 
1.70 
1.75 


June. 


1.65 

1.50 

1.45 

1.85 

1.20 

1.10 

1.00 

1.06 

.95 

.85 

.76 

.85 

.76 

.70 

.70 

.70 

.80 

.86 

.80 

.75 

.75 

.75 

.70 

.80 

.75 

.85 

.86 

.80 

.85 

.80 


July. 


0.90 
.96 
.96 
.96 
.90 
.90 
.90 
.86 
.75 
.70 
.75 
.70 
.701 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.75 
.70 
.80 
.75 
.75 
.70 
.70 
.70 


Aug.      Sept. 


0.7O 


.00 
60 
00 


.60 
.60 
.60 


.75 

.90 

.90 

.90 

.85 

.80 

.80 

.75 

.70 

.70 

.70 

.70 

..86 

1.90 

1.75 

1.45 

1.85 

1.80 

1.15 

1.00 

1.00 


ass 

.80 

.80 

.80 

.80 

.80 

.75 

.70 

.70 

.70 

.70 

.   .70 

.66 

.50 

.50 

.00 

.60 

.56 

.55 

.60 

LSI 

1.86 

1.70 

L75 

1.40 

1.26 

1.10 

1.00 

1.00 

1.00 


Oase 


Rating  table  for  Florida  River  near  Durango^  Colo,  ^  for  1902, 

DiachaT^re 


im. 


i-ii' 
I* 

1."' 

e 
.a- 

% 

.9 
fi 
9* 

% 

.»• 

.»' 

$i 

V 

.  i' 

.:• 
J* 


^S^t.  I  ^^r^- .    ^, 


Feet. 
0.5 

.6 

.7 
.8 
.9 
1.0 
1.1 
1.2 
1.3 


Second-feet. 
5 

7 

0 

11 

16 

10 

24 

30 

37 


Feet. 
1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

2.0 

2.1 

2.2 


Second-feet. 
45 

56 

74 

98 

122 

146 

170 

196 

222 


1 

Oaffe 
1  heiglit. 

1 

Discharge. 

hei^t 

Feet. 
2.3 

Second-feet. 
248 

Feet. 
3.2 

'      2.4 

274     , 

1 

8.3 

1      2.5 

300 

:      3.4 

2.6 

326 

3.5 

2.7 

852 

.     3.6 

2.8 

878 

3.7 

2.9 

404 

3.0 

480 

1 

3.1 

456 

1 

I 


Diachar)^'. 

Sec*>nd-frr1. 
482 
TiOs 
534 
560 
586 
613   I 


NEWELUj 
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Estimated  monthly  discharge  of  Florida  River  near  Durango,  Colo. 

[DrainxLge  area,  196  square  miles.] 


Discharge  in  second-feet. 


Month. 


Maximum,  i  Minimum. 


1902. 

April 

May 

June - 

July 

August 

Septeinl)er  . 
October 


287 
313 
86 
17 
146 
134 
•  19 


I 


11 

24 

9 

9 

t 

5 


Mean. 


63 
134 
19 
11 
21 
23 
13 


Total  in 
acre-feet. 


8,749 
8,239 
1,131 

676 
1,291 
1,369 

799 


Run-oif. 


Second-feet 

per  square 

mile. 


0.46 
.•99 
.14 
.08 
.15 
.17 
.10 


Depth  in 
iucheB. 


0.51 
1.14 
.16 
.09 
.17 
.19 
.12 


LOS  PINOS  KIVWR  AT  IGNACIO,  COLO. 

The  station  was  established  April  22,  1899,  at  the  request  of  the 
Commissioner  of  Indian  Affairs,  for  the  purpose  of  ascertaining  the 
quantity  of  water  available  for  iri'igation  along  the  stream.  It  is 
located  at  the  wagon  bridge  at  Ignacio,  the  subagcncy  of  the  Southern 
Ute  Indian  Reservation,  2  miles  north  of  the  Denver  and  Rio  Grande 
Railroad  station.  The  rod  is  a  vertical  2  by  4  inch  timber,  10  feet 
long,  spiked  to  the  bridge,  the  marks  being  strips  of  brass  securely 
nailed  to  the  post.  Bench  mark  No.  1  is  the  8-foot  mark  on  the  gage 
rod,  which  is  level  with  the  top  of  the  lower  end  of  a  6  by  8  inch  tim- 
ber protruding  downstream  from  the  pier  on  the  right-hand  side. 
Bench  mark  No.  2,  placed  April  7,  is  an  iron  bench-mark  post  set  30 
feet  northwest  from  the  northwest  corner  of  the  bridge,  its  top  being 
7.64  feet  above  the  zero  of  the  gage.  The  observer  is  John  Wesch, 
the  clerk  at  the  agency.  The  banks  are  low,  but  not  subject  to  over- 
flow; the  bed  of  the  stream  is  of  gravel,  but  not  liable  to  radical 
change. 
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[KO.& 


The  following  discharge  measurements  were  made  during  1902  by 
A.  L.  Fellows: 

March  27:  Gage  height,  2.44  feet;  discharge,  57  second-feet. 
Jtdy  11:  Gage  height,  2.15  feet:  discharge,  39  second-feet. 

Daily  gage  height j  in  feet,  of  Los  Pines  River  at  Ignacio^  Colo. 


Day. 

igoe. 

Apr. 

2.40 
2.40 
2.40 
2.40 
2.40 
2.46 
2.70 
2.80 
2.85 
3.00 
3.10 
8.00 
2.06 
2.95 
2.90 
2.96 

May. 

June. 

Day. 

Apr. 

1 
May.     JizD». 

1 

3.60 
8.70 

1 

3.30 
3.30  1 

17 

1902. 

3.00 
3.05 
3.80 
3.40 
3.90 
3.30 

.       3.35 
3.») 
8.10 
3.00 
3.00 

.       8.15 
3.80 

.       3.50 

3.35  .  

2 

18 

3.35 

8 

3.75  1      8.25 
8.e0  1      3.15 
3.50        3.05 
3.60  1      3.05 

19 

3.85 

4 

20 

3.35 

5 

21 

8.25 

6 



22 

3.25 

7 

3.65 
3.65 
3.45 
3.45 
8.50 
8.50 
3.60 
3.45 
:^.46 
8.85 

3.05 
3.05 
8.00 
2.95 
2.90 
2.85 
2.85 
2.80 

(«) 

23 

3  25 

8 

24 

3  35 

9 

25 

3.35 

10 

23 

3.25 

11 

27 

3L25 

12 

28 

3  35 

18 

29 

3.35 

14 

30 

3.40 

15 

81 

3  ^O 

16 

Br  availabl 

- 

1 

a  No  observe 

e. 

Rat  ill 

Discharge. 

Second-feet. 
25 

\g  table  for  Los  Piju 

)8  River  \ 

heiglft. 
Feet. 

\     -3. 8 

at  Ignacio,  Colo. 

Gage 
heigfit. 

Gaare 
1    height. 

Feet. 

II 

,           0    Q 

Discharge. 

Seccmd-/eet.\ 
259 

1 
Discharge 

Second-feet. 
795 

1 

Feet. 
2.0 

f^et,      1  Sec^>nd-fett 
4.7     1        1,352 

2.1 

32 

3.0 

315 

3.9 

856 

4.8     1       U414 

2.2 

48 

1      3.1 

875 

4.0 

918 

4.9 

1,476 

2.3 

56 

3.2 

435 

4.1 

980 

5.0 

1,538 

2.4 

73 

1      3.3 

495 

4.2 

1,042 

5.1 

1,600 

2.5 

95 

3.4 

555 

4.3 

1,104 

5.2 

1,662 

2.6 

125 

;      3.5 

6-15 

4.4 

1,166 

2.7 

163 

3.6 

675 

4.5 

1,228 

2.8 

208 

8.7 

735 

1 

:  4.6 

1,290 

1 

Estimated  vionthly  discharge  of  Los  Pinos  River  at  Ignacio,  Colo. 

[Drainage  area,  450  square  miles.] 


Discharge  in  second-feet. 


Month. 


Minimum. 


1902. 
April 

May 

June  1-14 


Mean. 


312 
577 
341 


Total  in 
acv  feet. 


( 


18,505 

85,47» 

9,469 


Bnn-off. 


Seoond-fcot  ^^^      .,. 
per  square    I^Pthm 
^   xnfle.  inch€a. 


0.69 

1.38 

.76 


0.71 
1.4S 

.40 


NEW  KM-.] 


COLORADO    RIVER    DRAINAGE    BASIN. 
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DOLORES  RIVER  AT  DOLORES,  COLO. 


This  station  was  established  by  F.  C'Ogswell  in  June,  1895.  The 
gage  is  located  about  one-half  mile  above  the  railroad  station,  at  the 
footbridge  from  which  the  measurements  of  discharge  are  made.  The 
gage  is  vertical,  and  is  spiked  to  the  crib  abutment  of  the  bridge  on 
the  left  bank.  The  bench  mark  consists  of  a  nail  driven  into  the  base 
of  a  Cottonwood  tree  18  feet  southwest  from  the  gage.  This  is  1. 57  feet 
above  the  14:-foot  mark.  The  locality  is  especially  good  for  accurate 
measurement,  as  the  bed  of  the  stream  is  apparently  permanent  and  the 
banks  are  not  liable  to  overflow  at  moderate  stages. 

The  observer  is  Mary  D.  Smith. 

The  following  discharge  measurement  was  made  in  1902  by  A.  L. 
Fellows : 

July  14:  Gage  height,  2.6.1  feet:  disc^-harge,  47  second-feet. 

Daily  gage  Jieight,  in  feet,  of  Dolores  River  at  Dolores^  Colo, 


Day. 

Apr. 

2.70 
2.70 
2.80 
2.90 

May. 

4.60 
4.65 
4.45 
4.25 
4.05 
4.05 
4. 15 
4. 15 
4.15 
4.U> 
4.05 
4.10 
3.70 
4.10 
4.15 
4.15 
4.15 
8.95 
3.80 
3.&5 
3.»)0 
3.60 
3.50 
3.60 
3.60 
3.70 
4.00 
4.05 
4.2U 
4.05 
4.10 

June. 

3.95 
3.85 
3. 75 
3.75 
3.70 
3.70 
8.55 
3.55 
3.50 
3.45 
3.40 
3.40 
3.40 
3.40 
3.25 
3.2r) 
3.20 
3.15 
3.(X) 
3.  ft) 
8.(X) 
2.95 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 

July. 

Aug. 

Bept. 

2.80 
2.80 
2.75 
2.70 
2.C5 
2.  CO 
2.60 
2.60 
2.60 
2.65 
2.60 
2.50 
2.50 
2.50 
2.50 
2.50 
2.60 
2.60 
2.00 
2.65 
3.00 
3.15 
2.95 
2.90 
2.90 
2.86 
2.80 
2.75 
2.75 
2.70 

Oct. 

1902. 
1 

2                            

2.  HO 
2.80 
2.85 
2.90 
2.90 
2.90 
2.90 
2.K5 
2.80 
2.80 
2.75 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 
2.70 
2.70 
2:60 
2.  CO 
2.60 
2.60 
2.55 
2.55 
2.60 
2.65 
2.&5 
2.60 
2.60 
2.60 

2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.46 
2.40 
2.45 
2.65 
2.75 
2.80 
2.80 
2.80 
2.80 
2.70 
2.70 
2.70 
2.65 
2.60 
2.C5 

2.a5 

3.25 
3.30 
3.30 
3.15 
3.00 
3.00 
3.00 
3.00 

2.60 
2.00 

3        

2.60 

4                    ,                   

2.60 

m 

{) -. 

3.00 
3.00 
3. 1() 
3.20 
3.25 

,    3.:ir) 

3. 45 
3.50 
3.riO 
3.50 
3.50 
S.'iO 
3.50 
3.65 
3.80 
4.00 
3.95 
3.80 
3.90 

3.r5 

:j.80 

3.tM) 

aft*) 

3.75 
4.10 
4.40 

2.60 

6                               

2.55 

7                  

2.50 

8                       

2.50 

9                               

2.60 

10  

11 

\t                    

2.60 
2.60 
2.00 

l.-J 

2.60 

14                                 

2.60 

15                                 

2.60 

16         

2.00 

17                   

2.00 

18                          

2.60 

19.              

2.60 

20               

2.60 

21                 

2.55 

22 

Z\ 

2.50 
2.50 

u 

C5             - 

2.50 
2a50 

23 

2.50 

27 

2.66 

»                  

2.00 

29               

2.60 

30                    

2.60 

31                             

2.60 
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[so.  85. 


Rating  table  for  Dolores  River  at  Dolores,  Colo, ,  for  190J. 


GftBre 

heififht. 

Diacharfire. 

Feet. 

Second-feet. 

2.4 

20 

2.5 

28 

2.6 

37 

2.7 

51 

2.8 

73 

2.9 

^      106 

Gaee 
teiffnt 


hoig 


Feet. 
3.0 
3.1 
3.2 
3.3 
3.4 
3. 5 


Dl8charg«. 

hej^t. 

fiecond-feet. 

Feet. 

150 

3.6 

205 

3.7 

271 

3.8 

341 

3.9 

412 

4.0 

484 

4.1 

1 

I^^"-8«  '    i,^^t.    |I>i»cl»*'^ 


Second-feet. 
556 

628 

700 

778 

849 

925 


Feet. 
4.2 

4.3 

4.4 

4.5 

4.6 


I  Serand-fett 
1,001 
1,07« 
1,157 
1,238 
1,323 


Estimated  monthly  discharge  of  Dolores  River  at  Dolores,  Colo, 

[Drainage  area,  524  aqnare  miles.] 


Month. 


1902. 

April 

May 

Jnne 

JiUy 

August 

September  _. 
October 


(iUNNISON  RIVER  AT  WHITEWATER,  COLO. 

This  station  was  established  by  J.  E.  Field  April  10, 1902,  at  a  new 
wagon  bridge  constructed  by  the  State  of  Colorado  at  a  point  about 
half  a  mile  above  the  railroad  station  at  Whitewater,  on  the  Denver 
and  Rio  (xrande  Railroad.  During  1895,  1897,  and  1901  inoomplet^ 
series  of  gage  heights  were  obtained  at  this  point,  but  the  station 
was  not  regularly  established  until  1902.  It  was  intended  that  this 
station  should  take  the  place  of  the  one  formerly  maintained  on  the 
Gunnison  at  Grand  Junction.  The  latter  station  was  abandoned  on 
account  of  inaccuracies  that  could  not  be  overcome.  They  were 
mainly  due  to  the  fact  that  high  stages  of  water  in  Grand  River 
affected  the  gage  rod  in  the  Gunnison,  and  that  the  stream  bed  was  par- 
tially filled  with  great  bowldei*s,  making  accurate  gagings  impossible. 
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Discharge  measurementH  of  Gunnison  River  at  Whitewater,  Colo. 


Date. 


1902.. 

April  10 

May  26 

July  31 

An^ast  30 

September  20 

November  1 


Hydrographer. 


J.E.  Field 

M.  C.  Hinderlider 

do 

do 

G.H.Matthes  ... 
J.E.  Field 


height. 

Discharge. 

Feet 

Second-feet 

4.60 

«2,176 

6.10 

3,822 

3.20 

384 

4.60 

1,230 

3.20 

302 

3.80 

622 

a  Sometime  during  the  spring,  between  April  10  and  May  £8,  a  dam  was  placed  across  the  river 
about  li  miles  below  the  gaging  station,  which  affected  tne  gage  heights  at  the  bridee  where 
gHge  is  located.  In  the  latter  part  of  the  summer  part  of  the  dam  went  out,  thereoy  again 
cbaxiging  the  readings  of  gage  i^.  No  definite  conclusions  could  be  arrived  at  as  to  the  enent 
to  which  the  river  surface  at  sase  rod  was  affected  by  the  construction  and  later  breaking  of 
the  dam.    The  gaging  of  Apru  10  was  not  used  in  constructing  the  rating  table. 

Daily  gage  height,  in  feet,  of  Gunnison  River  at  Whitewater,  Colo. 


Day. 

Apr. 

3.00 
3.00 
8.00 
a  10 
8.25 
3.86 
3.40 
8.55 
8.70 
8.75 
8.95 
4.05 
4.15 
4.85 
4.46 
4.60 
4.85 
5.10 
5.40 
6.60 
5.70 
5.86 
6.55 
5.10 
4.85 
4.80 
4.80 
4.80 
6.16 
6.90 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

llXtt. 
1 .-..■ 

6.86 
7.36 
7.90 
8.80 
8.15 
8.00 
8.26 
8.40 
8.25 
8.80 
8.66 
8.76 
8.66 
8.46 
8.25 
8.05 
8.06 
7.86 
7.50 
6.90 
6.40 
6.16 
6.86 
6.70 
6.65 
6.15 
6.90 
8.06 
7.85 
7.70 
7.85 

7.60 

7.50 

7.15 

7.00 

7.00 

6.95 

6.86 

6.80 

6.90 

6.76 

6.60 

6.45 

6.80 

6.40 

6.15 

6.86 

6.66 

5.66 

6.36 

6.05 

6.00 

4.90 

4.60 

4.46' 

4.36 

4.16 

4.00 

4.00 

8.96 

8.80 

3.70 
3.76 
3.80 
3.75 
3.70 
a85 
4.40 
4.15 
3.90 
3.80 
3.70 
3.60 
3.50 
3.40 
3.35 
8.30 
8.60 
3.90 
3.65 
3.60 
8.35 
8.70 
8.85 
8.80 
3.70 
3.60 
3.60 
3.60 
3.70 
3.70 
8.35 

8.20 
3.20 
3.46 
3.60 
3.60 
3.50 
3.45 
3.40 
3.40 
8.55 
3.70 
3.70 
3.80 
8.80 
8.96 
4.80 
3.96 
3.70 
3.60 
8.66 
3.80 
8.90 
8.80 
3.70 
8.60 
3.75 
8.95 
4.00 
4.25 
4.60 
4.60 

4.46 
4.85 
4.25 
4.00 
3.86 
8.80 
8.70 
a70 
8.60 
3.60 
3.60 
3.50 
8.60 
8.40 
8.60 
3.60 
3.70 
3.75 
8.00 
8.65 
3.80 
3.90 
3.90 
4.60 
4.90 
4.40 
3.70 
3.70 
3.60 
8.60 

3.60 

2 

3 

4 

3.60 
3.45 
3.40 

5 

3.80 

6 

8.80 

7 

8.45 

8 

8.56 

9 - 

8.86 

10 

4.00 

11 

4.20 

12 

3.90 

13 

14 

16 

16 

17 

3.66 
.    3.60 
8.60 
8.50 
3.60 

18 

3.50 

19 

3.50 

» 

8.60 

21 

3.40 

23 

3.40 

2  J 

3.40 

24 

8.40 

25 

8.40 

26 

8.40 

27 

3.40 

28 

3.55 

29 

8.60 

30 

3.76 

81 

8.80 
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Rating  table  for  Ounnison  River  at  Wfiiteirater,  Colo.  ^  for  19t}£. 


Qaee 
height. 


Feet. 
3.0 

3.2 

3.4 

3.0 

3.8 

4.0 

4.2 


Diacharge.  ,;   ^^^    ]  Discharge. 


4.4 


Second-feet. 
260 

341 

427 

521 

623 

734 

860 

1,004 


Feet. 
4.6 

4.8 
5.0 
5.2 
5.4 
5.6 
5.8 
6.0 


Second-feet. 
1,169 

1,359 

1,571 

1,815 

2,091 

2,399 

2,739 

3,116 


Gage 

height. 


Feet. 
6.2 

6.4 

6.6 

6.8 

7.0 

7.2 

7.4 

7.6 


Di«eharge.  ,    ^e^^t.    '  I>*«-»«nre 


Sec<ind-fee.t . 
3,528 
3,982 
4,477 
5, 012 
5,587 
6, 195 
6,838 
7.515 


Feet, 
7.8 

8.0 
8.2 
8.4 
8.6 
8.8 


8.237 

9,007 

9,  825 

10.690 

11,5,ST 
12,500 


Estimated  monthly  dit«'hftr<fe  of  Gunnison  Rii-^r  at  Whitewater^  iU>lo, 

[Drainagt^  an^,  7, 868  Hquare  mi leB.  ] 


Month. 


1902. 

April 

May 

June 

July 

August 

September  . 
October 


2,922 
12,271 
7,515  I 
1,004  I 
1,169 
1,461 
8B0 


L  second-feet. 

imnm. 

Mean. 

260 

1,219 

2,481 

7,772 

023 

3,284 

383 

570 

341 

610 

427 

667 

383 

504 

Ran-off. 


Total  in 
aci-e-feet. 


72, 535 
477, 885 
195,411 
35,048 
87, 507 
39,689 
30,990 


Second-feet  ,  i-^-,^*.  »« 


0.16  ' 

I 
.99  I 

.07  i 
.08 

.08  ' 
.06  . 


0.  In 

1.14 

.47 

.0.* 
.iP9 
.07 


(iUNNTSON   RIVER  AT  lOLA,  COLO. 

The  lola  station  was  established  in  March,  1900,  for  the  purpose  of 
determining  the  amount  of  water  available  for  the  irrigatioa  project 
of  Uncompahgre  Valley .  Tlio  rod  is  at  a  wagon  bridge  which  crosses 
the  river  about  a  quarter  of  a  mile  above  the  Denver  and  Rio  Grande 
Railroad  station  at  Tola.  It  consists  of  a  piece  of  2-inch  by  4-inch 
timber  fastened  to  the  downstream  side  of  the  second  pier  of  th«» 
bridge  from  the  south  end,  the  zero  of  the  rod  being  7.43  feet  below 
the  bench  mark — a  spike  in  the  base  of  an  old  post  40  feet  south  of 
the  southern  end  of  the  bridge,  on  the  west  side  of  the  road.  The 
chief  value  of  the  station  is  with  reference  to  determining  the  amount 
of  water  available  for  the  proposed  canal  to  the  Uncompahgre  Valley, 
although,  owing  to  the  fact  that  a  number  of  streams  enter  the  Gun- 
nison below  the  station,  the  results  obtained  do  not  show  the  total 
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amount  available.  The  channel  at  this  place  is  wide,  and  the  bed 
being  of  gravel  and  bowlders  is  not  particularly  susceptible  to  change. 
The  banks,  though  not  high,  are  not  subject  to  overflow.  The  ob- 
server, A.  Pomel,  postmaster  at  lola,  telegraphs  the  gage  height  daily 
to  the  local  forecast  official  of  the  United  States  Weather  Bureau  at 
Denver,  who  has  it  printed  in  the  morning  papers. 

During  1902  .the  following  discharge  measurements  were  made  by 
M.  C.  Ilinderlider  and  A.  L.  Fellows: 

May  30:  Gage  height,  3.60  feet;  discharge,  1,925  second-feet. 
July  19:  Gage  height,  1.90  feet;  discharge,  271  second-feet. 
September  1:  Gage  height,  2.10  feet;  discharge,  400  second-feet. 

Daily  gage  height,  in  feet^  of  Q-unnison  River  at  Tola,  Colo. 


Day.                          I  Apr. 

190e. 

1 i  2.20 

t :  2.30 

3 '  2.30 

4 1  2.50 

5 1  2.60 

6 3  70 

7 1  2.70 

8 '  2.«) 

9 2.60 

10 '  2«» 

n 1  2.«) 

12 2.&i) 

13 '  2.4<' 

14 '  2.a> 

!.•> I  «.  "W 

16 - 2.40 

17 \  2.50 

18. 2.eo 

19 '  2.70 

20 2.70 

21 ,  2.*0 

22 2.60 

23 2.60 

24 2.50 

SK 2.50 

20 2.50 

^. 2.»I0 

28 2.S0 

29 2.11 

30 ,  3.00 

31 


May. 


3.00 
3.20 
3.40 
3.40 
3.00 
3.70 
3.60 
3.80 
3.80 

4.  a) 

4.00 
4.00 
3.90 
3.90 
3.80 
3.80 
3.80 
3.60 
3.30 
3.00 
2.90 
2.80 
2.80 
2.80 
3.00 
3.20 
3.80 
3.60 
3.60 
3.60 
3.60 


June.     July. 


8.70 
3.60 
3.20 
3.20 
3.30 
3.20 
3.20 
3.20 
3.10 
3.00 
3.00 
3.00 
3.00 
3.00 
2.90 
2.80 
2.70 
2.60 
2.00 
2.60 
2.50 
2.40 
2.30 
2.20 
2.20 
2.10 
2.00 
2.00 
2.00 
2.00 


2.00 

2.00 

2.00 

2.00 

2.00. 

2.30 

2.10 

2.00 

2.00 

1.90 

1.90 

2.00 

1.80 

1.80 

1.80 

1.80 

1.'80 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 


Aug. 

Sept. 

Oct. 

Nov. 

1.80 

2.00 

1.80 

2.00 

1.80 

2.00 

1.80 

2.00 

1.80 

2.00 

1.90 

2.00 

1.80 

1.90 

2.00 

2.00 

1.80 

1.90 

2.00 

2.00 

1.80 

1.90 

2.00 

2.00 

1.80 

1.90 

2.00 

2.00 

1.80 

1.90 

1.90 

2.00 

1.80 

1.80 

2.00 

2.00 

1.80 

1.80 

2.00 

2.00 

1.80 

1.80 

2.00 

2.10 

1.80 

1.80 

2.00 

2.10 

1.90 

1.80 

2.00 

2.20 

1.90 

1.80 

2.00 

2.20 

1.90 

1.80 

1.90 

2.20 

1.90 

1.80 

1.90 

2.20 

1.90 

1.80 

1.90 

2.20 

1.90 

1.80 

190 

2.10 

1.90 

1.80 

2.00 

2.10 

1.80 

1.80 

2.00 

2.20 

1.80 

1.90 

2.00 

2.20 

1.80 

1.90 

2.00 

2.20 

1.90 

1.80 

2.00 

2.10 

1.90 

1.80 

2.00 

2.10 

2.00 

1.80 

2.00 

2.10 

2.10 

1,80 

2.00 

2.20 

2.10 

1.80 

2.00 

2.20 

2.10 

1.80 

2.00 

2.20 

2.10 

1.80 

2.00 

2.20 

2.10 

1.80 

2.00 

2.10 

2.  X) 
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Rating  table  for  Gunnison  River  at  lola,  Colo.,  for  1902. 


Gaee 
height. 

Dificharge. 

Feet. 

Secmid-feet. 

1.8 

221 

1.9 

271 

2.0 

330 

2.1 

398 

2.2 

474 

2.3 

555 

Gage 

leight. 


heig 


Feet. 
2.4 

2.5 

2.6 

2.7 

2.8 
2.9 


1 
Discharge. 

Gaeo 
height. 

Feet. 

• 
Discharge. ' 

Oase 
heii^it. 

l>iarbMT^e!. 

Second-feet. 

Second-feet. 

Feet. 

Secmui-feet, 

640 

3.0 

1,205 

3.6 

l,d25 

728 

8.1 

1,808     ' 

3.7 

2,090     1 

818 

8.2 

1,413     1 

3.8 

2,264 

910 

8.8 

1,522    1 

3.9 

2,446 

1,005 

8.4 

1,638    ' 

4.0 

2,696 

1,104 

1 

3.5 

1,772     1 

1 
1 

Estimated  monthly  discharge  of  Ounnison  River  at  lola^  Cola. 

[Draim^r®  area,  2,296  square  mileB.] 


Month. 


1902. 


April 

May 

June 

July 

August  . . . 
September 
October . . . 
November 


Discharge  in  second-feet. 


Maximnm. 

Mlnimnm. 

1,205 

402 

2,636 

1,005 

2,090 

330 

555 

221 

398 

221 

830 

221 

330 

221 

474 

330 

Mean. 


759 
1,838 
997 
269 
2^73 
244 
312 
408 


Total  in 
acre-feet. 


45,164 
113,015 
59,326 
16,540 
16,786 
14,519 
19,184 
24,278 


Riin<<]ir. 


Second-feet 
peraauare  [ 
mile.        < 


Depth 

in 
inches. 


0.33 
.80 
.43 
.12 
.13 
.11 
.14 
.18 


0.37 
.93 
.4J< 
.14 
.14 
,12 
,16 
.90 


GRAND  RIVER  NEAR  PALISADES,  COLO. 

This  station  was  established  April  9, 1902,  by  John  E.  Field,  at  the 
iron  wagon  bridge  across  Grand  River  where  the  river  enters  Grand 
Valley  al)out  2  miles  above  Palisades.  The  channel  at  this  i>oint  is 
deep  and  rockj',  the  mountains  rising  on  either  side  rather  abruptly. 
The  station  is  above  all  irrigating  ditches  supplying  water  to  the  land 
of  Grand  Valley  with  the  exception  of  one  pumping  plant,  which 
takes  about  20  second-feet  of  water  from  the  river  one- fourth  of  a 
mile  above  the  station.  The  river  at  this  point  is  deep  and  at  high 
water  very  swift.  The  right  bank  is  high  and  precipitous;  the  left 
bank  for  a  short  distance  below  the  bridge  is  liable  to  overflow  for  a 
short  distance  out  during  very  high  winter.  The  bed  of  the  river  is 
somewhat  changeable,  but  for  a  river  of  this  size  fairly  satisfactory 
results  are  obtained.  The  gage  consists  of  a  wire  cable,  to  which  a 
window  weifjht  is  attached,  swung  from  the  middle  of  the  bridge. 
The  graduations  are  painted  in  feet  and  tenths  on  the  hub  rail  on  the 
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bridge.  No  bench  mark  has  ever  been  established.  The  observa- 
tions have  been  taken  twice  daily  during  the  irrigating  season  since 
the  station  was  established  by  S.  L.  Purdy,  pumpman  at  the  Mount 
Lincoln  pumping  plant. 

Discharye  measurements  of  Orand  River  near  Palisades ,  Colo. 


Date. 


1902. 


AprU9 

May  27 _.. 

July  30 _ 

August  29 do 

October2 ,  Q.H.Matthes 


Hydrographer. 


J.E.  Field 

M.  C.  Hinderlider 
.--.do 


October  15  _ 
October  26  . 
November  3 


do 
do 
do 


Gase 
height. 

Diflcharge. 

• 

Feet. 

Second-feet. 

12.80 

2,564 

16.30 

9,778 

12.20 

1,966 

12.00 

1,662 

12.15 

1,415 

12.20 

1,465 

12.20 

1,861 

12.10 

1,846 

Daily  gage  height,  in  feet,  of  Grand  River  near  Palisades,  Colo, 


Day. 

Apr. 

May. 

14.15 
15.00 
15.75 
16.30 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1«K. 
1 

11.00 
11.60 
11.00 
11.00 

17.75 
17.55 
17.25 
17.10 

13.75 
18.75 
13.65 
13.42 

12.25 
11.96 
11.96 
11.92 

12.00 
12.00 
12.00 
11.95 

12.10 
12.20 
12. 2r 
12.25 

(«) 

2 

3    

4 

5 

11.00 

16.65 

17.10 

13.42 

11.92 

11.88 

12.25 

6 

11.70 

16.90 

17.10 

18.88 

11.90 

11.80 

12.20 

11.70 
12.30 

17.05 
17.30 

17.00 
16.96 

18.35 
ia25 

11.82 
11.80 

11.80 
11.75 

12.25 
12.18 

8 

9 

12.30 

17.50 

17.00 

13.16 

11.80 

11.72 

12.12 

10 

12.40 

17.76 

16.96 

12.98 

11.75 

11.72 

12.10 

11 

12.85 

18.80 

16.80 

12.86 

12.06 

11.68 

12.10 

12 

12.36 

18.45 

16.65 

12.70 

11.80 

11.60 

12.10 

13 

12.30 

18.20. 

16.56 

12.68 

11.75 

11.60 

12.25 

1* 

12.85 

18.30 

16.45 

12.70 

11.75 

11.60 

12.30 

15 

12.30 

18.45 

16.15 

12.68 

11.85 

11.60 

12.20 

16 

12.20 

18.55 

16.96 

12.60 

11.98 

11.00 

12.25 

17 

12.20 

18.00 

15.75 

12.96 

12.00 

11.60 

12.25 

18 

12.25 

18.25 

16.45 

12.68 

11.48 

11.60 

12.25 

1» 

12.88 

17.86 

15.25 

12.72 

11.85 

11.75 

12.25 

20 

12.65 

17.10 

14.95 

18.26 

11.78 

11.70 

12.20 

21     

12.95 
13.27 
13.30 
12.95 
12.72 
12.72 
12.62 
12.72 
13.  a") 
13.55 

16.65 
16.00 
15.55 
15.30 
15.26 
15.75 
16.65 
17.45 
17.20 
17.30 
17.66 

14.75 
14.66 
14.42 
14.88 
14.30 
14.06 
13.96 
13.80 
13.70 
13.65 

12.98 
12.75 
12.58 
12.45 
12.40 
12.32 
12.80 
12.28 
12.22 
12.18 
12.12 

11.72 
11.70 
11.70 
11.65 
11.78 
11.85 
12.00 
11.60 
12.00 
12.10 
12.00 

12.85 
12.15 
12.10 
12.10 
12.10 
12.10 
12.10 
12.10 
12.10 
12.10 

12.20 
12.20 
12.18 
12.20 
12.20 
12.18 
12.20 
12.18 
12.18 
12.10 
12.10 

JK        

ffl            

24 : 

25         

26 

27  

28     

29          

30     

31  

a  Station  cloeed  for  winter. 
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Ratimj  table  for  Grand  River  iiear  PaliaadeH,  Colo,,  for  1002. 


Discharge. 


Gage 
height. 

Feet. 

DiHcharge.  i 
Second-feet.^ 

Ga(re 
height. 

Feet. 

11.6 

1,102 

13.4 

11.8 

1,376     1 

13.6 

12.0 

1,662 

13.8 

12.3 

1,960 

14.0 

12.4 

2,268 

14.2 

12.6 

2,584 

14.4 

12.8 

2,911 

14.6 

13.0 

3,248     I 

14.8 

13.2 

3, 596     1 

15.0 

Second-feet. 
3,  95."5 

4,323 

4, 698 

5, 079 

5,464 

5, 853 

6,246 

6,642 

7,041 


Gag« 
height. 

1 
1 

Diw'harge.  , 

'l 

1 
Second- feet.^\ 

heifirnt. 

1  Dischari!^' 

1 

'     Feet. 

Feet. 

Seeond-fr^'i. 

1     15.2 

7,444     1 

17.0 

11,54-2    i 

!     15.4 

7,867     ' 

17.2 

12,i.W2 

15.6 

8,311     1 

17.4 

12,624 

15.8 

8,756     1 

17.6 

1      13, 171 

16.0 

9,204  ; 

17.8 

13,722 

16.2 

9,654     1 

18.0 

14. 282 

1     16.4 

10.106     1 

18.3 

,      14.876 

16.6 

10,562     i' 

18.4 

1      1.k51>< 

16.8 

11,029     1, 

1 

18.6 

16, 2(1^ 

1 
1 

Estinuited  monthly  discharge  of  Graml  River  near  Paluiculf*s,  Voio. 

[Drainage  area,  8,54(i  aqnare  miles.] 


■»  Month. 


1902. 

April  

May 

Jane 

July 

Angust  ... 
September  _ 
Octobor 


Discharge  in  second-feet. 


Maximum. 


4,  230 
16, 208 
13,584 
4,604 
2, 036 
2, 190 
2,113 


Minimum,  i    Mean. 


1,102 
5, 367 
4,416 
1,839 
944 
1,102 
1 ,  809 


2,230 
11,800 
8,873 
3,024 
1,479 
1,489 
1,951 


Total  in 
acre-feet. 


132, 694 
725,554 
527, 980 
185,939 
90,941 
88,602 
119,963 


Run-off. 


Second-feet  jy^^^^ 


0.26 
1.38 
1.04 
.35 
.17 
.17 
.23 


0.29 

i..iy 

1,16 
.IV 


GRAND   RIVER  AT   GLENWOOD   SPRINGS,  COLO. 

Tliis  station  was  first  located  May  12,  1899,  at  the  request  of  the 
Denver  and  Rio  Grande  Railroad  Company,  at  the  railroad  bridge  a 
quarter  of  a  mile  west  of  the  depot  and  just  above  the  moath  of 
Roaring  Fork.  A  wire  gage  was  used.  At  the  beginning  of  19Cm', 
however,  a  new  gage  rod  was  located  near  the  electric-light  works  of 
the  Colorado  Hotel.  Measurements  are  made  from  the  wagon  bridgt* 
crossing  the  river  between  the  town  and  the  hotel.  The  channel  is 
good,  being  composed  of  gravel  and  rock,  and  does  not  change  much; 
the  banks  are  high  and  not  subject  to  overflow. 
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During  1902  the  following  discharge  measurements  were  made  by 
J.  E.  Field  and  M.  C.  Ilinderlider. 

April  11:  Qage  height,  3.87  feet;  discharge,  1,328  second-feet. 
July  28:  Gage  height,  3.90  feet;  discharge,  1,414  second-feet. 
Angost  28:  Gage  height,  3.60  feet:  discharge,  1,079  second-feet. 
November  3:  Gage  height,  3.30  feet;  discharge,  842  second-feet. 
December  13:  Gage  height,  3.30  feet;  discharge,  775  second-feet. 

Daily  gage  height,  in  feet,  of  Orand  River  at  Olenwood  Springs,  Colo. 


Day. 


1908. 


3. 
4- 
5 
6. 


9. 

10. 
11. 
12- 
13. 
14. 
15. 
16. 
17. 
18. 
19. 

au. 

21. 
22. 
Zi. 
24. 
25. 
2fi. 
27. 


2S. 
29. 
3fJ. 
31. 


Jan. 


8.10 
3.15 
3.15 
3.a5 
3.25 
3.20 
8.20 
3.20 
3.20 
3.15 
3.10 
3.00 
3.05 
3.10 
3.00 
3.05 
3.20 
8.15 
3.10 
3.15 
3.10 
2.90 
8.20 
3.05 
3.15 
3.05 
8.00 
2.95 
3.10 
8.10 
3.10 


Feb. 


3.10 
8.00 
2.90 
3.00 
3.06 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.25 
3.  .30 
8.15 
3.16 
3.30 
3.25 
3.25 
3.30 
3.20 
3.20 
3.30 
8.30 
3.20 
3.30 
8.30 
3.30 
3.20 


I 


Mar. 


3.25 
3.20 
8.20 
3.15 
3.15 
3.25 
8.20 
8.15 
3.25 
3.25 
3.25 
3.25 
3.25 
8.25 
3.15 
8.10 
8.20 
3.25 
3.80 
3.30 
8.35 
3.35 
8.30 
8.30 
3.30 
3.30 
3.30 
3.30 
3.25 
3.15 
8.15 


Apr. 


3.15 

3.20 

3.25 

3.30 

3.40 

3.50 

3.00 

3.70 

3.90 

3.90 

3.% 

3.85 

3.90 

3.90 

3.80 

3.70 

3.70 

3.80 

3.95 

4.15 

4.30 

4.a5 

4.46 

4.20 

4.10 

4.10 

4.10 

4.25 

4.55  > 

4.90  . 


May. 


5.40 
5.95 
6.45 
6.75 
6.90 
6.90 
6.70 
7.20 
7.40 
7.50 
7.80 
7.95 
7.80 
7.90 
8.10 
8.20 
8.15 
7.95 
7.75 
7.25 
6.80 
6.35 
6.10 
6.95 
6.95 
6.30 
7.10 
7.50 
7.36 
7.45 
7.05 


June. 

July. 

Aug.o     Dec. 

7.75 

6.00 
4.80 
4.76 

._-. *-•• 

7.65 

7.40 

2.90 

7.20 

4.70 

2.9() 

7.35 

4.00 

3.10 

7.35) 

4.60 

*   _   a  _    «   _      .   _ 

3.20 

7.80 

4.00 

3.20 

7.30 

4.45 

3.10 

7.40 

4.30 

3.25 

7.35 

4.20 

3.25 

7.30 

4.20  ' 

3.30 

7.15 

4.15 

3.30 

7.00 

4.10 

3.80 

6.90 

4.10 

3.30 

6.66 

4.00 

8.06 

6.50 

4.00 

2.85 

6.30 

4.00 

;        2.80 

6.10 

4.16 

2.58 

5.95 

4.55 

8.06 

5.80 

4.60 

8.05 

5.60 

4.35 

3.05 

5.50 

4.20 

3.  US 

5.35 

4.10 

2.96 

5.35 

4.00    

3.06 

5.20 

3.90   

8.25 

5.10 

3.90   

3.30 

5.10 

3.80 

3.23 

5.00 

3.28 

(") 

4.90 

4.95 

(*) 

1 

oAutonoatic  register  placed  on 
record. 
I>  Wire  on  gage  broken. 


July  28.    Never  worked  uatisfactorily.    Cause  of  break  in 


IKR  85—03- 
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Rating  table  for  Orand  River  at  Qlenwood  Springs,  Colo. ,  far  ICH^J. 


Qage 
height. 

Discharge. 

height. 

1 

Feet. 

Discharge,  i 
Second-feet. 

Gage 
height. 

1 
Discharge. 

height. 

Dihchai^. 

Feet. 

Second-feet. 

Feet. 

Second-feet: 

Feet. 

i  Smmd-ff'  * 

3.0 

650 

4.4 

1,969    I 

5.8 

5,109 

7.2 

9.996 

3.2 

775 

4.6 

2.242    ! 

6.0 

5,769 

7.4 

1     10, 76:} 

3.4 

920 

4.8 

2,584 

6.2 

6,430 

7.6 

1      11,.>46 

3.6 

1,079 

5.0 

2,968 

6.4 

7,104     ' 

7.8 

I     12.340 

3.8 

1,266 

1      5.2 

3,392 

6.6 

7,800 

8.0 

13, 154 

4.0 

1,485 

.      5.4 

1 

3,881 

6.8 

8,522 

8.2 

1      13,9S0 

4.2 

1,722 

!      5.6 

4,466 

7.0 

9,254 

1 

1                    1 

Estimated  "monthly  discJiarge  of  Grand  River  at  Olentoood  Sprittgn,  Colo. 

[Drainage  area,  5,838  square  miles.] 


Month. 


Discharge  in  second-feet. 


Run-off. 


1902. 

January 

Febmary 

March 

April 

May 

June 

Julyl  to  27...  . 
December  3  to  28. 


Mi^yJiTiTi"! 

Minimum. 

Mean. 

882 

600 

721 

845 

600 

775 

882 

710 

802 

2,772 

742 

1,419 

13, 980 

3,881 

9,825 

Total  in 
acre-feet. 


Second -fe<»t 
per  square 


12, 140 


2,772 


7,316 

1,864 

723 


44,332 
43,041 
49,313 
84,436 
604,120 
435,332 
99,824 
37,285 


0.123 
.133 
.138 
.244 
1.683 
1.253 
.321 
.124 


Depth  n 
iaclfe*. 


0.  :\ 

.14 


.  mi 


l.» 


WHITE   RIVER  AT  MEEKER,  COLO. 

This  station  was  established  by  A.  L.  Fellows,  May  24,  1901,  about 
one-half  of  a  mile  above  the  town  of  Meeker,  at  a  point  when*  a 
wagon  bridge  crosses  the  stream  on  the  ranch  of  L.  F.  Van  Cleave, 
The  gage  rod  consists  of  a  vertical  2  by  4  inch  timber  nailed  to  th*- 
left  abutment  of  the  bridge  on  the  downstream  side.  The  bridge  b 
marked  every  5  feet.  The  initial  point  for  soundings  is  at  the  rui- 
at  the  left  or  south  end  of  the  bridge.  The  banks  are  so  high  that 
they  are  not  liable  to  overflow;  the  channel  is  of  rock  and  gravel,  an<i 
seems  permanent  in  its  nature.  Measurements  are  made  from  th- 
lower  side  of  the  wagon  bridge.  The  observer  is  L.  F.  Van  Cleave, 
who  reads  the  rod  twice  each  day. 
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The  following  discharge  measurements  were  made  during  1902  by 
A-  J.  McOnne  and  J.  E.  Field: 

July  6:  Gkige  height,  4.00  feet;  discharge,  473  second-feet. 
Oct.  17:  Gkige  height,  2.55  feet;  discharge,  842  second-feet. 

Daily  gage  height y  in  feet,  bf  White  River  at  Meeker,  Colo. 


Rating  table  for  White  River  at  Meeker,  Colo.,  for  1902, 


Day. 

Apr. 

May. 

4.70 
4.85 
5.20 
6.25 
6.25 
5.30 
6.60 
6.05 
5.75 
5.70 
6.80 
5.70 
6.65 
5.70 
6.70 
5.70 
6.70 
5.00 
6.25 
6.10 
4.85 
4.75 
4.70 
4.00 
4.00 
4.90 
5.15 
6.30 
5.35 
5.25 
5.00 

June. 

July. 

Ang. 

Sept. 

Oct. 

1900. 
1 

3.66 
8.66 
3.60 
8.00 
8.00 
8.00 
8.70 
8.80 
a75 
8.70 
3.66 
8.70 
3.70 
3.00 
8.66 
8.00 
3.70 
8.75 
8.95 
4.05 
4.15 
4.00 
8.95 
8.85 
3.80 
8.80 
880 
4.00 
4.20 
4.46 

6.40 
6.35 
6.15 
6.20 
5.25 
5.10 
6.10 
5.00 
4.95 
4.90 
4.80 
4.96 
4.05 
4.06 
4.65 
4.45 
4.30 
4.25 
4.20 
4.10 
4.10 
8.95 
8.95 
3.90 
8.80 
3.80 
875 
3.75 
3.90 
3.90 

3.85 
3.95 
8.90 
8.80 
895 
4.05 
3.95 
3.90 
3.85 
880 
3.80 
3.75 
8.75 
870 
3.06 
800 
870 
3.80 
870 
3.06 
3.00 
3.00 
856 
3.60 
3.60 
3.60 
3.50 
3.60 
3.40 
3.40 
830 

8.30 
835 
3.35 
8.85 
8.85 
8.35 
8.35 
835 
3.30 
830 
830 
840 
8.40 
3.45 
3.40 
840 
3.40 
3.40 

aio 

8.40 
3.40 
8.40 
8.40 
3.45 
3.50 
•3.50 
860 
3.60 
860 
8.60 
3.60 

8.00 
3.65 
8.65 
8.60 
&60 
3.50 

aeo 

8.60 

a5o 

8.40 
3.40 
860 
a45 
845 
860 
8.60 
3.46 
845 
860 
3.60 
3.70 
8.70 
3.00 
8.00 

aoo 

8.00 
3.00 
3.00 
800 
800 

a0o 

2 

8.00 

3 

8.60 

4 

8.60 

5 

3.60 

6 

8.60 

7 

8.60 

8 

8.60 

g 

8.60 

10 

3.60 

11 

3.60 

12        

8.  TO 

13 

8.05 

U  

8.56 

15       

3.56 

16        

8.60 

17 

18 

19 .- 

a> 

a 

28 

28              

860 
8.50 
8.60 
860 
8.60 
8.60 
8.65 

24     

8.60 

25     

8.60 

26          

8.60 

27 

28     

8.60 
860 

29      

8.60 

30        

8.60 

81 

8.60 

Oaffe 
heiirl^t. 

Feet. 
2.7 
2.8 
2.9 
8.0 
3.1 
3.2 
3.3 


Discharge. 

Gage 
hei^t. 

Second-feet. 

1 

1     Feet. 

800 

1      8.4 

808 

1      8.5 

317 

;      3.6 

.     827 

3.7 

337 

1      3.8 

348 

1      3.9 

860 

4.0 

Discharge. 


Gaee 

height. 


Discharge.     i^efflK.     I^^scl^arg©- 


Second-feet. 
372 

384 

397 

412 

429 

448 

469 


Feet. 
4.2 

4.4 

4.6 

4.8 

5.0 

5.2 

5.4 


Second-feet.  , 

523 
594 
696 

845 
1,100 
1,514 
2,024 


Feet. 
5.6 

5.8 

6.0 

6.2 

6.4 


Second-feet. 
2,614 
3,284 
4,034 
4,834 
5,634 
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Estimated  monthly  discharge  of  White  River  at  Meeker,  (Jolo. 

[Drainag^e  area,  684  square  miles.] 


Month. 


1902. 

April 

May  -   

June 

July 

August 

September  _ 
October 


Dischai 
Maximum. 

'ge  in  second-feet. 

Minimum. 

Mean. 

616 

384 

433 

3,284 

696 

1,927 

2,024 

420 

843 

481 

360 

414 

384 

360 

372 

412 

372 

389 

412 

384 

387 

Total  in 
acre-feet. 


25,765 
118,487 
50, 162 
25,456 
22, 873 
23,147 
23,796 


Bnn-off. 


Second-feet 


DeptL  i 


0.68 

3.04 

1.33 

.65 

.59 

.61 

.61  I 

I 


0.  >. 

1.4* 

.  .-I 


UINTA  RIVER  AT  OURAY   SCHOOL,  NEAR  LELAND,  UTAH. 

This  station  was  established  November  8,  1899,  and  is  located:*: 
the  highway  bridge  over  the  river  near  the  Ouray  School.  It  is  alx)Jt 
5  miles  below  the  station  at  Fort  Duchesne.  Dry  Gulch  Creek  enters 
from  the  west,  and  except  during  flood  stages  carries  prac^tiealiyoiily 
the  waste  water  of  Canal  No.  1  and  the  Bench  ditch,  thereby  aeconnt- 
ing  for  the  increase  in  flow  between  this  point  and  the  Fort  Dochesntf 
station.  The  rod  is  nailed  to  the  east  end  of  the  south  crib  of  the 
wagon  bridge.  Bench  mark  No.  1  is  the  head  of  a  nail  in  the  extn^nn 
northeast  corner  of  the  bridge  floor,  and  is  at  an  elevation  of  4,745.'.'7 
feet  above  sea;  bench  mark  No.  2  is  a  nail  in  the  flagstaff  of  tlit 
school,  with  an  elevation  of  4,760  feet.  The  elevation  of  the  zero  oi 
the  rod  is  4,737.36  feet.  During  low  water  measurements  are  madf, 
by  wading,  at  a  section  200  feet  below  the  bridge,  and  at  high  stag**> 
they  are  made  from  the  bridge  itself.  The  section  is  a  good  on*-, 
although  the  center  pier  of  the  bridge  will  interfere  somewhat  with 
the  accuracy  of  the  results  when  measurements  are  taken  there. 
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I>i^charge  measurements  of  Uinta  River  at  Oiway  School^  near  Leland,  Utah. 


March  27. . 

April  5 

AprU  10--. 
April  17... 
April  24... 

Mav  1 

May  8 

May  15 

Mav  22 

May  29 

Jnne  5 

June  12  ... 
Jane  18  ... 
June  26  - . 

July  3 

July  10. -- 
July  24.  - . 
July  31--- 
August  7. 
AugUHt  14 
A^ngnat  21 


Date. 


1902. 


Hydrographer. 


C.  T.  Prall. 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do... 

.....do  .... 

do  .... 

do  .... 

do  .... 

do  .-.. 

do  ..  . 

do  ... 

H.  S.  Reed. 

do.... 

do  ... 

do  ... 

do  .... 


Augnst  28 do 


do 
do 
do 


September  4 

September  11 

September  18. .  _ 

September  25 | do 

October2 - , do 

October  9 \ do 

October  23 - | do 

October  80 | do 


November  7 _ 

November  13 

November  20 .-.i do 

November  26 1 do 

December  4 - | do 

December  10 -do 

December  19 do 


Gage 

Diacharge. 

Feet. 

Second-feet. 

0.  56 

122 

.36 

89 

.31 

81 

.24 

72 

.39 

95 

.35 

90 

.69 

144 

2.65 

919 

1.60 

397 

3. 50 

2,224 

2. 85 

1,148 

2.82 

732 

1.70 

426 

1.20 

285 

1.22 

278 

.67 

150 

.24 

75 

.03 

47 

-  .16 

85 

.03 

51 

.12 

86 

.05 

48 

.06 

52 

-  .08 

85 

.07 

50 

.33 

81 

.30 

78 

.33 

84 

.33 

81 

.40 

87 

.33 

83 

.60 

119 

.54 

109 

.15 

60 

.33 

67 

.63 

104 

.65 

89 
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Daily  gage  height y  in  feet^  of  Uinta  River  at  Ouray  School,  near  Lteland^  Utah. 

for  1902, 


Day. 


Jan. 


1 


5 
6 


8 
9 

10 

11 

12 

13 

14 

lo 

IG 

17 

18 

19 

20 

21 

2SS 

28 

24. 

25 

26 

27. 

28. 

29. 

80. 

81 


(«) 


Feb. 


(«) 


Mar. 


Apr. 


(«) 


0.46 
.86 
.38 
.38 
.36 
.38 
.35 
.40 
.40 
.38 
.82 
.35 
.38 
.31 
.31 
.27 
.28 
.26 
.29 
.30 
.45 
.68 
.41 
.45 
.40 
.38 

.35 
.82 
.29 


May. 
0.31 

June. 
3.45 

Jnly. 

Ang. 
0.01 

1.28 

.32 

3.05 

1.39 

-  .04 

.81 

2.60 

1.20 

~  .08 

.35 

2.50 

1.18 

-  .09 

.82 

2.55 

1.10 

-  .06 

.45 

2.60 

1.10 

-  .12 

.61 

2.60 

1.00 

-  .14 

.70 

2.68 

.85 

-  .17 

.88 

2.68 

.70 

-  .19 

1.33 

2.50 

.68 

-  .21 

1.90 

2.54 

.60 

-  .23 

2.24 

2.40 

.59 

.00 

2.85 

2.20 

.65 

.06 

2.60 

2.10 

.45 

.01 

2.75 

2.00 

.39 

.06 

2.65 

1.86 

.38 

.07 

2.90 

1.74 

.40 

-  .01 

2.53 

1.68 

.  4o 

-  .06 

2  30 

1.63 

.40 

-  .^2. 

1.96 

1.48 

,36 

-  .08 

1.80 

1.48 

.82 

-  .08 

1.59 

1.40 

.28 

-  .13 

1.48 

1.32 

.28 

-  .14 

1.30 

1.28 

.25 

-  .15 

1.44 

1.24 

.20 

-  .12 

1.85 

1.20 

.20 

-  .10 

2.95 

1.12 

.15 

-    .11 

8.68 

1.18 

.12 

.01 

3.76 

1.50 

.11 

.18 

3.78 

1.35 

.06 

.18 

3.60 

06 

.17 

Sept. 


0.19 
.15 
.11 
.08 
.Ol 

-  .01 

-  .OS 

-  .08 

-  .03 

-  .04 

-  .06 

-  .06 

-  .00 

-  .11 

-  .11 
.00 
.05 
.06 
.07 
.07 

1.80 

^ 
.40 
.96 
.SS 
.30 
.90 
.90 
.31 
.80 


0.90 
.90 
.90 
.90 
.31 
.33 
.34 


0.4i»  1    i*- 
.SO       .« 

.40      :;> 


.34 
.95 
.95 
.37 
.38 
.38 
.38 
.37 
.35 
.35 
.38 
.38 
.36 
.35 


.88' 
.40  i 
.35  i 


.40 


.63 

.45 

.50 

.38 

.35 

.43  1 

.33 

.S 

.61 

.52 

.52 


.3 

.3 

.Sr 

.3 
'^ 

.a- 
.a 


l«5' 


.93 

.50   ..     . 

.33 

.45 

.33 

•«1 

.35 

.40   

.33 

.42' 

.38 

.40  i 

.3K 

•«, 

.88 

1 

«  River  frozen. 


Rating  tabic  for  Uinta  River  at  Ouray  School,  near  Inland,  Utah,  farJanuarg  1 

to  Decnnber  1,  190S.<* 


Gage 
height. 

Dincharge.  ^ 
Sectmd-feet} 

Gage 
height. 

Feet. 

Discharge. 

1     Gage 
height. 

Feet. 

Discharge. 

Gase 

heiglit. 

I>i9charp'. 

1 

Feet. 

Second-feet. 

Second-feet. 

Feet. 

Serond'ferf 

0.2 

30 

1.0 

210 

1       2.2 

660 

3.4 

2,040 

-   .1 

35 

1.1 

240 

2.3 

720 

3.5 

2.200 

.0 

40 

1.2 

270 

2.4 

780 

8.6 

2,362 

.1 

54 

1.3 

800 

2.5 

850 

8.7 

2, 524 

.2 

68     1 

1.4 

330 

2.6 

930 

3.8 

2.686 

.3 

82 

1.5 

360 

2.7 

1,010 

3.9 

2.848 

.4 

96 

1.6 

390 

2.8 

1,110 

4.0 

3, 010 

.5 

110 

1.7 

430 

2.9 

1,240 

4.1 

8,173 

.6 

130 

1.8 

470 

3.0 

1,400 

4.2 

3,S84 

.7 

150 

1.9 

510 

3.1 

1,560 

4.8 

3,4d6 

.8 

170 

2.0 

650 

3.2 

1,720 

4.4 

3,a58 

.9 

190 

2.1 

600 

8.3 

1,880 

4.5 

3.83l» 

a  The  daily  discharges  for  December  were  obtained  from  the  meaanrementA  by  interpolatios. 
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Estimated  monthly  discharge  of  Uinta  River  at  Ouray  ,9c/ioo/,  uearLeland,  Utah. 

[Drainage  area,  067  pqnare  miles.] 


Discharge  in  second-feet. 


Run-off. 


Month. 


Maximum.    Minimum. 


Total  in 


Mean. 


acre-feet.     Second-feet  t^^^+i,  ^« 


1902. 

January  « 

February  « 

March  « _ . 

April 

May 

June 

July 

August  1 

Sei>tember 

October , 

November 

December  « 


The  year 


146 
2, 65.3 
2,120 

:J27 

470 

94 

154 

104 

2,058 


76 

84 
246 
47 
30 
34 
78 


57 


80 


110 

110 

100 

92 

740 

651 

132 

40 

72 

89 

97 

83 


6,764 
6,109 
6,149 
5, 457 
45, 484 
39, 029 
8,148 
2,467 
4,284 
5,460 
5,780 
5, 129 


140, 296 


0.11 

0.13 

.11 

.11 

.10 

.12 

.09 

.10 

.77 

.89 

.67 

.75 

.14 

.16 

.04 

.05 

.07 

.08 

.09 

.10 

.10 

.11 

.09 

.10 

.20 

2.70 

n  Jan.  1  to  Apr.  1,  and  Doc.  21-31,  river  frozen;  quantities  estimated. 
DUCHESNE   RIVER   AT  PRICE   ROAD   BRIDOE,    UTAH. 

Tho  station  on  Duchesne  River  was  established  October  2G,  1899, 
and  is  located  3  miles  below  the  mouth  of  Lake  Creek  at  the 
highway  bridge  on  the  stage  road  from  Price  to  Fort  Duchesne.  The 
permanent  gage  rod  was  placed  November  IG,  1809,  and  is  nailed  to 
the  east  side  of  the  center  pier.  Bench  mark  No.  1  is  a  wire  nail  in  a 
lofi:  close  to  the  rod,  and  is  opposite  the  7-foot  mark.  Bench  mark 
No.  2  is  a  wire  nail  on  the  west  side  of  the  crib,  with  an  elevation  of 
5.48  feet  above  gage  datum.  The  section  at  this  point  is  very 
good,  with  a  moderate  velocity  of  water.  There  is  one  pier  in  the 
center  of  the  stream  which  does  not  materially  affect  tho  accuracy  of 
the  results  at  low  water,  but  i^resumably  will  to  a  certain  extent 
during  the  flood  season. 


56 


STREAM    MEAftlJREMENTS    IN    1902,  PART   IV. 


[N-c. 


Discharge  measurements  of  Duchesne  River  at  Price  Road  Dridc/t\  Utah, 


Date. 


Hydrographer. 


1902. 


March  21. 
March  28. 
April  4. . 
April  11. 
April  18.. 
April  25. 
May  2... 
May  9... 
May  16-. 
May  23.. 
May  30- . 


C.  T.  Prall 

do  .... 

do  .... 

do  _... 

do  .... 

....  do  .... 
....  do  .... 

do  .... 

do  .... 

do  .... 

do  .... 


June  6 J do 

June  13 -do 

June  20.-   _   . do 

June  27 .do 

July  5 .    ... L     .-do 

July  11-...         .. 

July  19....  

July  25 ._   . 

AugUHt  1 -     -  -   -  -  -   .    . .   -  do 

August  9 -do 

August  15 - .  .do 

August  22 do 

August  29 -do 

September  5 -do 

September  12- do 

September  19 _do 

September  20 ' .do 

Octobers i do 

October  10 ...  i do 

October  18 do 

October  24 do 

October  31 do 


Prall  and  Reed 

H.S.  Reed 

...do 


November  14. 
November  21. 
November  28 


do 
do 
do 


Gaffe 
heigrht. 


5.  2:5 


•J.  Co 


5.32 
5.  56 
0.28 
5.93 
0.05 
G.45 
7.50 
G.75 
S.85 
k30 


7.55 


0.70 
6.20 
6.08 


5.  75 


5.  50 
5.40 
5.  22 
5. 12 
5.35 
5.15 


5. 02 
5.0O 
5.10 
5. 22 


5  *>2 


5. 22 
5.  25 
5.25 
5.25 
5.28 
5.30 
5.35 


chaiipf. 


:«1 


l.c»v; 

6»V5 

l.loT 

2.  ;i"i7 

5.011 
3.7'-) 
2.4*4 

•■—.1 
4:yi 


3S4 
242 

:m 

194 

1^ 

2.X) 


261 


•  lO 


2s:i 
25«? 

m 


XEWEI^L.] 


COLORADO   RIVER    DRAINAGE    BA8IN. 


57 


Daily  gage  height^  infect,  of  Dnrheftne  River  at  Price  Road  Bridge,  Utah. 


Day. 

laK. 


Jan.  I  Fob. 


!  ("I  I  («) 


Mar.   Apr. '  May 


(«) 


li 


6. 

ft       . 

8. 

9. 
10. 
11. 
12. 
VS. 
14. 
15. 
16 
17. 
18. 
19. 

a). 

21 

•>■» 

1:4 
25 
2G 


5.26 
5.27 
5.29 
5.30 
5.3:3 
5.38 
5.39 
5. 4T 
5.53 
5.56 


I 


5. 19 


i}. 


58 


5.21)  I  5.00 


5.2:j 


it 


63 


5.21 


5.25 


•  '•  Mil 


5.27 


•  5.26 


5.27 

5.28 


.21 
21 


5.22 
5.22 


5.23 
5.24 


27 

28 


5.25 
5.25 


29 
30 
31 


5.26 
5.24 
5.27 


i  5.70 

'  5.78 

5.85 

5.98 

,  6.30 

,  6.46 

6.64 

I  0.50 

6.21 

5.95 

5.93 
1  6.00 
I  6.(H 

6.08 
[  5.99 
I  6.05 


6.05 
0.13 
6.18 
0.21 
6.22 
0.24 
6.25 
6.28 
6.48 
6.63 
6.80 
7.04 
7.35 


7.33 


7.48 
7.50 
7.60 
7.63 
7.40 
7.25 
7.00 
0.8:3 
0.70 
6.65 
6.55 
6.80 
7.50 
7.88 
8.5:3 
H.m 
9.20 


I 


Jun«. 

July. 

8.80 

6.10 

8.25 

6.13 

7.90 

6.13 

7.90 

6.14 

8.05 

6.00 

8.10 

6.07 

8.15 

fl.aj 

8.26 

5.88 

8.43 

5.80 

8.45 

6.75 

7.85 

5.75 

7.60 

5.73 

7.45  1  5.70 

7.38 

6.68 

7.a5 

5.65 

7.10 

5.65 

6.90 

5.64 

6.75 

5.60 

6.65 

5.50 

6.68 

5.50 

6.57 

5.80 

6.65 

5.50 

6.53 

5.46 

6.50 

5.42 

6.40 

5.40 

6.31 

5.40 

6.20 

5.35 

6.19     5.33 

6.18 

5.28 

6.14 

5.25 

5.23 

Aug. 


5.20 
5.15 
5.18 
5.18 
5. 15 
5.13 
5.13 
5.13 
5.10 
5.13 
5. 15 
5.18 
5.20 
5.45 
5.33 
5.25 
5.18 
5. 18 
5. 18 
5.18 
5.18 
5. 15 
6.15 
5. 15 
5. 15 
5.15 
5.15 
5.18 
5.20 
5.20 
5.17 


Sept. 


5.13 
5.10 
5.10 
5.10 
5.10 
5.10 
5.08 
5.00 
5.00 
4.96 
4.99 
5.00 
5.02 
5.06 
5.05 
5.08 
5.10 
5.10 
5.10 
5.10 
6.38 
5.39 
5.3:3 
5.a5 
5.28 
5.25 
5.25 
5.25 
5.25 
5.25 


Oct. 

Nov. 

Dec. 

5.25 

5.28 

(«) 

5.25 

5.28 

5.25 

5.28 

5.25 

5.28 

5.25 

5.28 

5.20 

5.28 

5.20 

5.28 

5.20 

5.29 

5.20 

6.28 

5.20 

5.28 

5.20 

5  30 

5.20 

5.30 

5.20 

5.30 

5.20 

5.80    

5.20 

6.30   

6.20 

5.30 

5.25 

5.30 

5.26 

5.30 

5.25 

6.30 

5.25 

5.32 

5.25 

5.32 

5.28 

5.32 

5.29 

5.32 

5.30 

5.32 

5.30 

5.32 

5.28 

5.32 

"  —  • 

5.28 

5.32 

5.28 

5.32 

...... 

5.28 

5.32 

5.28 

5.32 

5.28 

1 

ft  River  frozen. 


Rating  table  for  Duchesne  River  at  Price  Road  Bridge,  Utah^  for  190. 


9 


heii^t. 
Feet. 

Discharge.  , 

Gage 

height. 

Feet. 

DiHcharge. 
Second-feet.' 

Gage 
height. 

Discharge. 

1 

Second-feet. 

r 

Gage 
height. 

Sectnui-feet. 

Feet. 

Feet. 

5.0 

200 

6.4 

1,120 

7.8 

2,840     1 

9.2 

5.2 

280 

6.6 

1,320 

8.0 

8,160     1 

9.4 

5.4 

380 

6.8 

1,520 

8.2 

3, 550     i 

9.6     i 

5.6 

500 

7.0 

1,760 

8.4 

3,980     1 

9.8     1 

5.8 

630 

7.2 

2,000 

8.6 

4,440     , 

10. 0     , 

6.0 

780 

7.4 

2, 240 

8.8 

4,900     , 

1 

6.2 

940 

7.0 

2, 520 

9.0 

5,360     1 

1 

Discharge. 


!  Second-feet. 
5,820 
6,280 
6, 740 
7, 200 
7,660 
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isa'vl 


Estimated  monthly  discharge  of  Duchesne  River  at  Price  Road  Bridge,  Utah, 

[Drainage  area,  2J46  square  miles.] 


Month. 


1902. 
January  A  _.. 
February  « . . 

March  « 

April 

May 

June . _ 

July 

August 

September  .. 

October 

November... 
December  «. . 


The  year 


Discharge  in  aeoond-feet. 


Maximum. 


i,3eo 

5,820 
4,900 
892 
410 
374 
320 
332 


Minimum.       Mean 


5, 820 


804 
820 
892 
292 
240 
184 
2S0 
312 


184 


280 
280 
291 
656 
1,969 
2,239 
555 
273 
258 
297 
322 
300 


I 


I 


Total  in 
acre-feet. 


17,217 
15,550 
17, 875 
39,035 
121,069 
138,235 
34,138 
16, 804 
15,364 
18.288 
19,152 
18,447 


Rxm-off. 


644        466, 174 


1  Second-feet,  jj^j^ 
'  per  Bqoarv    '-r^*'-*-" 
mQe. 


is 


iDi'h**'- 


0. 


-  - 1- 

10 
10 

11 

24 

72 
82 
20 
10 

12  i 

11 


d4 


0, 


12 

n 
la 


or 


83 
.91 

,12 
.10 

,n 

,13 


3.31 


n  Jan.  1  to  Mar.  10  and  Dec.  1-31  river  frozen;  qnantitiee  estimated. 


LAKE   CREEK  AT  WAdON  BRIDGE  (NEAR  MOUTH),    UTAH. 

The  permanent  gage  rod  at  this  place  consists  of  a  1-inch  by  4-inch 
by  8-foot  board  nailed  vertically  to  the  west  abutment  on  the  lower 
side  of  the  wagon  bridge  near  the  mouth  of  the  creek,  l^nch  mark 
No.  1  is  a  nail  in  the  abutment  opposite  the  4.50-foot  mark  on 
the  rod.  Bench  mark  No.  2  is  directly  over  the  gage  rod,  and  is  the 
head  of  a  wire  nail  in  the  southwest  corner  of  the  bridge  upri|jht.  Its 
elevation  is  5,000.58  feet.  The  elevation  of  the  zero  of  the  rod  is 
5,055.99  feet  above  sea  level,  according  to  the  hydrographic  survey 
datum.  The  elevation  of  l)ench  mark  No.  2  is  5,129  feet,  referred  to 
the  topographic  survey  datum.  The  elevation  of  a  regnlation  iron 
post  bench  mark,  150  feet  east  of  the  bridge,  is  6,127.55  feet,  referre<i 
to  the  latter  datum.  The  bed  of  the  stream  is  composed  of  medium- 
sized  cobblestones  and  forms  a  fair  section.  During  flood  stages 
measurements  are  made  from  the  bridge,  but  at  other  periods  they 
are  made  by  wading  at  a  point  about  400  feet  below. 
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LHscharge  measurenients  of  Lake  Creek  at  ivagon  bridge  {near  mouth),  Utah, 


Date. 


1902. 


Hyd]ro(n*apher. 


C.T.Prall 

do  ... 

do 

do  .... 

do.... 

do  ... 

do  .... 

do  .... 


Mareli  21 

Marcli  28.. 

April  4__ _ 

April  11 

April  18 

April  25 

May  2_. .' 

May  9._ 

May  16- _ ' do _ 

May  23 . I do 

I 

May  30. i do 

June  6 I do 

Jnne  13  ._ do 

Jnxie  20 do 

June  27  _ do    

jTily  5__ do 

July  11 Prall  and  Reed 

Jnly  19.- _-- ^  H.S.Reed 

July  25- ' do       

Angrnst  1 -do 

An^nst  9_ do    

AnKUst  15 do 

An^ast22 do . 

An£r^st29 -.1---   -do    

September  5 I  -  -  -  -do 

September  12 do 

September  19 I do 

September  26. j do      

Octobers I do 

October  10 do 

October24 _ do    

October  31 i do 

November  14 do 

November  21 do 

November  28 do 

November  28 do 


December  5  . 
December  13 


do 
do 


h?fg!ft.     Discharge. 


Feet. 

Second-feet. 

1.86 

93 

1.92 

103 

1.92 

105 

1.90 

103 

1.90 

103 

2.00 

121 

2.04 

133 

2.33 

226 

3.20 

651 

2.70 

358 

5. 85 

2,367 

4.93 

1,7.35 

4.10 

1,144 

3.10 

649 

2.70 

454 

2. 55 

357 

2.30 

222 

2. 25 

173 

2. 05 

141 

1.95 

106 

1.92 

98 

2.06 

141 

1.89 

89 

1.93 

110 

1.80 

79 

1.80 

76 

1.85 

86 

1.95 

105 

1.92 

103 

1.90 

94 

1.92 

99 

1.90 

96 

1.90 

98 

1.93 

97 

2.50 

127 

2.50 

162 

2.00 

106 

1.82 

76 

60 
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[so.  jfi. 


Lktily  gage  height,  in  feet,  of  Lake  Creek  at  tvagon  bridge  (n^ar  viouth),  Utah. 


Day. 

1902. 

_   

Jan. 

'Peb. 

Mar. 

Apr. 

May. 

Juno. 

July. 

Aug. 
1.95 

Sept. 

- 

(\-t. 

Nov. 

D.H. 

1 

(«) 

2 

2.04 

3...  . 

1 

i.9e 

4 



1.92 



..... 

5 



2.55 



1.8U 

tJti 

0 

4.9:i 



1    . 



, 

8 

l.M} 

0 

1 

2.35J 



1.9DJ 

10.. 

1.00 

11 

^  , 

1.90 

2.30 

12 

...... 



1.80 

13.... 

4.10 

" 

1 

i.>e 

14.... 

. 



l.»0  ' 

■Oi 

ir                                                                  1             1             1             1             1 
15 .     -       ---                         ___,               1 

2.06 

16 

1 

3.20 

17.... 

.    ' 1        j....     1     . 

18.... 

,  1.90 

1 

' i 1 1                      . 

19 

1 

2.25 



1.85 



20.... 

1.86 

1 

3.10 

21 

1 

.  _ 

i.aj 

22 

.    i 

1.89 

Zi 

1 

2.70 

--..-.. 

24 

1 

- 

25 

'  2.(K) 

1 

2.05 

1 

26.... 

. 

1.96 

27 ■ '   ___  .          -   1       -  

2.70 

1 

28 i 

1.92 

1 

S.50 

2J) 

1 

1.98 

1 

80 



1 

5.86 


1 

31 l_     ... 



1 

1.90 

1 
a  River  i 

'rozen 

m 

1 

1 

KEMITKLL.] 


COLORADO    RIVER   DRAINAGE    BASIN. 


f?l 


Estinuited  monthly  diHcharge  of  Lake  Creek  at  wagon  bridge. 

[Drainasre  area,  475  oqiiare  mileH.] 


Month. 


1902. 
January  «  . . 
Fel>niary  «  . 

March  ^ 

j\.pril  _ 

May 

June 

July 

August 

September  . 

Octol>er 

November  . 
Decrember  «. 


The  year 


Diachardre  in  f^econd-f eet. 


Maximum. '  Minimum. 


130 
2,700 
3,000 
406 
141 
lOo 
104 
162 


3,000 


103 

132 

418 

110 

89 

76 

94 

96 


76 


Mean. 


90 

90 

97 

109 

718 

1,238 

220 

108 

88 

97 

109 

90 

264 


Total  in 
acre-feet. 


5, 534 

4,998 

5, 937 

6,512 

44,168 

73, 700 

13,500 

6, 650 

5. 232 

5, 994 

6, 512 

5, 534 

184, 271 


Run-off. 


Second-feet  rk^«*u;„ 
per  square    I>epthm 


0.19 

0.22 

.19 

.20 

.20 

.23 

.23 

'          .26 

1.51 

1.74 

2.61 

2.91 

.46 

.53 

.23 

.27 

.18 

.20 

.20 

.23 

.23 

.26 

.19 

.22 

.54 


7.27 


n  Jan.  1  to  Mar.  15  and  Dec.  18  to  31,  river  frozen:  quantities  estimated. 
N'oxR. — Tlie  daily  difichar^^oe  were  obtained  from  the  discharge  measurements  by  interpolation. 


UINTA   RIVER  AT  FORT  DUCHESNE,    UTAH. 

This  river,  on  its  emergence  from  its  canyon,  spreads  out  in  numer- 
ous channels  over  its  flood  plain  until  it  reaches  a  point  a  short  dis- 
tance above  Fort  Duchesne,  where  its  waters  are  collected  into  one 
channel.  Whiterocks  River  enters  some  distance  above  this  point. 
A  number  of  canals  for  the  use  of  the  Indians  divert  water  between 
Fort  Duchesne  and  the  agency.  On  the  west  side  are  a  number  of 
small  ditches,  which  in  the  aggregate  take  considerable  water;  but  the 
amount  is  diflftcult  to  estimate.  On  the  east  side  are  two  principal 
ditches,  known  as  Canal  No.  1  and  Bench  ditch.  This  station  was 
established  September  14,  1899,  in  connection  with  the  investigation 
of  the  wat^r  supply  for  the  Uinta  Indian  Reservation,  and  is  located 
at  the  highway  bridge  at  the  fort.  The  permanent  rod  was  established 
Xovember  8,  1899,  and  is  nailed  to  the  southern  end  of  the  east  crib  of 
the  new  bridge.  The  bench  mark  is  a  nail  is  the  southeast  crib  in  the 
first  header  above  the  bottom  and  is  at  an  elevation  of  4,910.13  feet. 
The  elevation  of  the  zero  of  the  rod  is  4,907.20  feet. 
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SU   N^ 


Discharge  measurejnentH  of  Uinta  River  at  Fort  Duchesne,  Utali, 


January  8. 


Date. 


1902. 


Hydroifraplier. 


C.  T.  Prall 


January  9 ' do 

January  16 do 

February  6 do 

February  18 do 

February  20 do 

February  27 do 

March  7 i do 

March  12... do 

March  20 | do 

March  26 _ . .  J do 

April  5 - do 

April  9 _ .  _do 

April  16 ' do 

April23..   do 

April  80 do 

May  7... do 

May  14. do 

May  21.. do 

May  28 ! do 

June  5 ' do 

June  11 do 

June  18 do 

June  25 do 

July  2 _ ..; do 

July9 

July  18 

July  28  .'  H.S.Reed 

July  30  _ ..' do  ... 

August  7 - . ' do  . . . 

August  14 do  . . . 

August  21 - . .  ■   do  ... 

August  28 .do  - . 

September  4 do  . . 

September  11 .do  ... 

September  18 _do  ... 

September  21 .do  ... 

September  2o do  . . . 

October  2 do  ... 


...do  

Prall  and  Reed 


hoi^t. 


Feet. 


Disrbvp- 


2.70 

2.68 

2.66 

2.70 

2. 65 

2.60 

2.54 

2.65 

2.57 

3.72 

3.90 

8.42 

4.33 

4.05 

3.92 

8.35 

3.12 

3.18 

2.88 

2.80 

2.67 

2.50 

2.40 

2.50 

2.36 

2.43 

2.40 

2.30 

2.42 

3.10 


•it  OO 


2.52 


I 


Serxmd-fert 

:         \?A 

I  123 

'  1-26 

I       '^ 

I  1^ 

I  1-^ 

14) 
111 
119 
113 
\%\ 

^> 
76 

s: 

131 


«^ 


425* 

i,(at? 

1,  li-> 

4^1: 

312 
1^ 

9:^ 


.V 


4^-' 
4:^ 


> 


24 


m 

69 
65 


a  Ice. 


N  K  W  Ki.L.] 
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I>u§churge  itiecufuretnents  of  Uinta  Riv>er  at  Fort  Duchesne,  Utah — Continued. 


Date. 


1902. 

October  8 

October  22 

October  30 

November  5 

November  12 

November  19 

November  26 

December  3 

December  9 

December  10 

December  26 


HydroiT^pher. 


H.S.Reed 

do  ... 

do  ... 

do  ... 

do  ... 

do  .  . 

do  ... 

do  .... 

do  ... 

do  ... 

do  ... 


Daily  gage  height,  in  feet,  of  Uinta  River  at  Fort  Duchesne,  Utah. 


Day. 


1908. 


2  . 
3. 
4  . 

B. 
6- 

7-. 

8.. 

9- 
10- 
11-. 
12- 
13- 
U- 
15- 
16. 
17- 
18- 
19.. 
»). 
21  - 
23- 
23- 
21  - 
25- 
26- 
27. 
28. 
29. 
30- 
31. 


I 
Jan.  '  Feb. 


(«)   I    (") 


Mar. 


2.eo 

2.00 
5J.53 
2.48 
2.53 
2.00 
2.86 
2.85 
2.83 
2.80 
2.74 
2.68 
2.70 
2.68 
2.66 
2.68 
2.68 
2.68 
2.65 
2.65 
2.65 
2.65 
2.65 
2.68 
2.70 
2.70 
2.70 
2.72 
2.65 
2.65 
2.70 


Apr. 


2.75 
2.65 
2.64 
2.63 
2.63 
2.63 
2.63 
2.63 
2.62 
2.00 
2.58 
2.58 
2.58 
2.58 
2.56 
2.54 
2.53 
2.54 
2.55 
2.60 
2.70 
2.80 
2.68 
2.66 
2.65 
2.60 
2.00 
2.60 
2.60 
2.58 


May.  June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

2.00 

4.30 

a  14 

2.45 

2.47 

2.62 

2.58 

2.60 

2.62 

4.05 

a  17 

2.43 

2.46 

2.62 

2.58 

2.60 

2.&5 

a  90 

a  09 

2.41 

2.42 

2.52 

2.65 

2.60 

2.68 

a  96 

a  05 

2.40 

2.41 

2.52 

2.59 

2.53 

2.72 

a  98 

a  03 

2.40 

2.3B 

2.53 

2.60 

2.60 

2.75 

a  95 

a  00 

2.40 

2.87 

2.53 

2.60 

2.70 

2.75 

a  98 

2.98 

2.40 

2.86 

2.53 

2.60 

2.75 

2.85 

atfi 

2.98 

2.40 

2.85 

2.54 

2.62 

2.80 

2.99 

4.03 

2.87 

2.40 

2.85 

2.55 

2.62 

2.80 

3.26 

a  85 

2.85 

2.38 

2.85 

2.55 

2.62 

2.80 

3.48 

a  74 

2.83 

2.87 

2.85 

2.55 

2.73 

2.80 

3.74 

a  73 

2.81     2.60 

2.37 

2,58 

2.78 

2.80 

3.68 

a  70 

2.80  1  2.60 

2.88 

2.68 

2.67 

2.02 

3.85 

a  68 

2.n  1  2.60 

2.38 

2.58 

2.68 

2.57 

3.94 

a  58 

2.74  j  2.48 

2.38 

2.68 

2.68 

2.53 

4.00     3.48 

2.72  1  2.45 

2.40 

2.57 

2.64 

2.48 

4.08     3.42 

2.78     2.43 

2.40 

2.66 

2.65 

2.48 

3.80  1  3.38  1  2.79     2.40 

2.40 

2.66 

2.68 

2.06 

3.60  j  3.29  .  2.r3     2.40 

2.43 

2.56 

2.70 

2.80 

3.53     3.25     2.70     2.38 

2.45 

2.56 

2.70 

2.80 

3.39  ,  3.24  1  2.70     2.38 

2.98 

2.56 

2.70 

(«) 

3.31  I  3.20     2.68     2.35 

2.58 

2.56 

2.70 

3.26  1  ai7  1  2.65  1  2.32 

2.62 

2.56 

2.70 

3.19  1  an     2.63     2.36 

2.62 

2.56 

2.70 

3.30    3.10    2.62     2.38 

2.52 

2.58 

2.70 

3.50     3.10 

2.62  '  2.38 

2.52 

2.58 

2.62 

4.03     3.10 

2.59  !  2.35 

2.52 

2.58 

2.62 

4.48     aiO     2.57  1  2.43 

2.52 

2.60 

2.62 

4.45     8.1L     2.51  [  2.60 

2.52 

2.60 

2.62 

4.43     a  12 

2.50  1  2.60 

2.52 

2.60 

2.62 

4.44   

2.47     2.49 

2.60 

a  River  frozen. 
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Rating  table  for  Uinta  Riv(*r  at  Fort  Duchesne^  Utah,  for  JfHK*. 


V' 


helKnt. 
Fcvt. 

Dist'liargre.  ^ 
Sticond-feet.'^ 

Oago 
heijflit. 

1 
Dlwharpe.  | 

Sertnid-feet . 

Gajre 

beiKht. 

Feet. 

Dischargriv  ' 
.Second-feet. 

Gapre 
height. 

I>isr-hiir"» 

Feet. 

Feet. 

'  Senjnt*/*' ' 

2.3 

CO     " 

3.2 

320     1 

4.1 

1,230 

5.0 

•       8.0^ 

2.4 

40 

3.3 

370 

4.2 

1,432     , 

r,.i 

3,2<i^ 

2.5 

60 

3.4 

420 

4.3 

1,636 

5.2 

ZATi 

2.6 

92     ,| 

3. 5 

500 

4.4 

1,840     ' 

5.3 

3,676 

2.7 

126     1, 

3.0 

580 

4.5 

2,044 

5.4 

3,8Sil 

2.8 

160 

3.7 

660 

4.6 

2,248 

5. 5 

;     4,  (m 

2.9 

200 

3.8 

770 

4.7 

2, 452 

1 
1 

3.0 

240 

3.9 

890 

4.8 

2. 0,56 

1 
1 

3.1 

2S0     1 

1 

4.0 

1,050 

4.9 

2,860 

1 

1 

1 

1 

Estinutted  monthly  discharge  of  l^infa  i^/ivr  at  Fort  Duchesne,  Utah, 

IDniiuajjo  aren,  072  wjuaiv  miles.] 


Month. 


1902. 

January  «... 
February  ^* . . 

March 

April 

May 

June 

July 

August 

Septemlier  .. 

October 

November. . . 
December''  . 

The  year 


Diwhar^t'  in  wvond-feet. 


Maximum.  I  Minimum. 


180 

160 

2, 002 

1,636 

308 

00 

232 

92 

153 


56 
70 
92 
2>^0 
54 
24 
30 
66 
60 


Mc'an. 


RuQ-i>iT. 

Total  in     "   ~~ '  [  Raicf.. 

acro-feet- .  Second-feet  t^^^4.-u  .-^   in  lO'-i. 
per  square  i  ^J^i}^  *" 
'       n3te.        ,   ia<^b*^^^ 


I 


125 

130 

118 

98 

662 

622 

158 

43 

54 

79 

102 

85 


7,686 
7, 220 
7,252 
5, 857 
40, 703 
37,012 
9,729 
2,676 
3,217 
4,852 
6, 052 
5, 205 


- 1 


2,002 


24 


190    137.461 


0.19 
.19  I 

.18' 
.15  I 
.99  , 
.93  I 
.24  , 
.06 
.08 
.12  ' 
.  15 
.13 

.28 


0.  22 
.20 
.21 
.17 
1.14 
1.04 
.28 
.07 
.09 
.14 
.17 
.15 

3.88 


1.: 


4 


14 


.|i 


i| 


S  I 


«, January  1  to  March  1  and  December  21  to  JJl,  river  frozen;  qnantitie»  estimated. 

NoTK.— Daily  di.««charp(»s  from  November  26  to  December  31  were  obtained  from  the  di^'barc' 
measurements  by  interiK>latiou. 
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UINTA  BIVER  NEAR  WHITEROCKS,  UTAH. 

During  the  fall  of  1899  an  investigation  of  the  water  supply  of  the 
Uinta  Indian  Reservation  was  begun  by  Cyrus  0.  Babb,  and  in  this 
connection  a  number  of  gaging  stations  were  established.  Uinta 
River  emerges  from  its  canyon  about  10  miles  northwest  of  the  Indian 
agency  at  Whiterocks,  and  at  this  point  a  gaging  station  was  estab- 
lished September  16,  1899.  The  gage  rod  is  a  2  by  4  inch  timber,  12 
feet  long,  bolted  to  two  trees  on  the  left  bank  of  the  stream.  The 
bench  mark  is  a  nail  in  an  aspen  tree  125  feet  north  of  the  rod,  and 
its  elevation  is  8.93  feet  above  gage  datum.  During  flood  stages  dis- 
charge measurements  are  made  by  means  of  a  car  and  cable,  but  at 
ordinary  stages  they  are  made  by  wading.  The  bed  of  the  stream  is 
rocky  and  strewn  with  large  bowlders,  and  the  station  is  not  altogether 
satisfactory,  on  account  of  the  roughness  of  the  channel.  During 
high  -water  the  velocity  undoubtedly  will  be  great,  owing  to  the  rapid 
fall  of  the  water.  A  few  hundred  yards  above  the  station  an  impor- 
tant tributary  comes  in  from  the  east.  At  the  present  location  a  sec- 
ond channel  has  to  be  measured,  but  it  will  never  carry  a  largo  volume 
of  -water.  Farther  down  the  stream  a  number  of  larger  channels  are 
formed,  so  that  it  is  difficult  to  obtain  a  satisfactory  station. 


Discharge  measurements  of  Uinta  River  near  Whiterocks^  Utah. 


1902. 

January  6 

Janoary  18 

February  10. 

February  17 

February  24 

March  3 

March  10 

March  17 

March  24 

March  31 

April  7 

April  14 

April  21 

April  28 

May  6 

May  12 

May  19---  

IRR  85—03- 


C.  T.  PraU. 

do  .... 

do  .... 

do  .... 

do  .... 

do  ... 

do  .... 

do  ... 

do  ... 

do  ... 

do  .... 

do  .... 

do  ... 

do  ... 

do  .... 

do  ... 

do  ... 


Feet. 

0.90 
.85 
.90 
.65 
.65 

1.00 
.75 
.85 
.75 
.90 
.80 
.76 
.92 
.82 
.92 

1.70 

1.60 


Second- feet. 
126 

144 

128 

124 

123 

160 

123 

152 

126 

.178 

144 

129 

179 

148 

179 

538 

507 


66 


STREAM   MEASUBEMENTS   IN   1902,  PART   IV. 


[so.  V. 


Discharge  measurements  of  Uinta  River  near  WhiterocJcs^  Utah — Continned. 


Date. 


1902. 


Hydrofirnipher. 


May  26 C.  T.  PraU 

Jane  8 do 

June  9 t do 


&X.  '  "-""^ 


June  16 do 

June  23 do 

June  30 , do  _ _ 

July? I do _._ 

July  14.-. I  C.  T.  Prall  and  H.  S.  Reed 

July  21 1  H.S.Reed 

July  28. _ ..I do 

August  4 1 do _ 

August  11... ' do 

August  19 do 

August  25 ...' do _ 

September  1 .j do 

September  8 i do 

September  15  | do 

September  22 ' do 

September  29 do 

October  6 do 

October  20 ' do 

October  27 do 


November  3 do 

Do do 

November  10 .do 

November  17 _ do 

November  24 _do 

December  1 do 

December  17 .do 

December  23 1 do 

December  30 do 


Feet. 

1.73 

2.00  < 

2.13 

1.75 

1.55  ; 

1.45  I 

1.30  I 

1.20 

1.10 

1.10 

1.05 

1.05 

1.00 

.97 

1.00 

.95 

.93 

1.00 

.95 

.93 

.93 

.90 

.90 

.90 

.90 

.93 

.90 

1.07 

1.28 

.85 

1.50 


:»' 

622 

431 

351 

2i: 

\% 
1^ 
191 

i:: 
16: 

i:i 

16" 

i;: 
\^ 

161 
149 
142 
139 
132 

is: 

1411 

14: 

134 
93 

IW 
ft* 
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I>aily  gctge  height,  in  feet,  of  Uinta  River  near  Whiterocka,  Utah, 


Day. 

Jan. 

■ 

Feb. 

Mar. 

Apr. 

May.  Jtme. 

JtQy. 

Aug. 

Sept. 
1.00 

Oct. 

Nov. 

Dec. 

1902. 
1 

1.07 

2 

3-.1 

1.00 

2.00 

0.90 

4 

1.05 

5 

0.92 

6.  

0.90 

0.93 

7 

0.80 

1.30 

8 

.95 

9 

2.13 

10 

0.90 

.75 

.90 

11 

1.06 

12 

1.70 

13 

.85 

...... 

14 

.76 

1.20 

15 

.93 

16 

1.75 

17 

.65 

.85 

.98 

1.28 

18 

19 

1.60 

•-••«- 

1.00 

20 

.93 

21    

1 
1 

.9& 

1.10 

1 

1.00 

23    

1.55 

.85 

.65 

.75 

.90 

25    

^ 

.97 

26 

1.73 

27      

1 

.90 

28 

1 

.8Si 

1.10 

■ 

je9         

1 

.95 

30             

1.45 

1 

1 

l.«) 

31 

.90 

1 

« 
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[so.  S&. 


Estimated  vumthly  discliarge  of  Uinta  River  near  WJiiterockSy  Utah.  « 

[Drainage  area,  218  square  miles.] 


Month. 


1902. 

January 

February  ._. 

March 

April 

May 

June 

July... 

August 

September  .. 

October 

November... 
December . . . 


The  year 


Discharge  in  second-feet. 


Maximum. 


144 
143 
178 
185 
1,200 
1,000 
430 
200 
177 
166 
147 


Minimum. 


1,200 


123 
123 
123 
129 
160 
379 
190 
167 
160 
140 
125 


123 


Mean. 


136 
127 
144 
154 
555 
665 
262 
181 
167 
152 
139 
125 


235 


Total  in 
acre-feet. 


169, 655 


Run-ofT. 


Seoond-feet   rfc-^*>,4« 

'--as-™  I  ^^ 


8,360 

7,083 

8,837 

9,164 

34,114 

39, 579 

16, 132 

11,144 

9,923 

9,364 

8, 269 

7,686 


1.07 


0.62 
.58 
.  66 
.71 

2. 55 

3.a5 

1.20 

.83 

-'*  I 

.70  ! 

.64 

.57 


0.71 

.m 

.76 

.79 

2.91 

3,40 

1.35? 

.96 

.SI 
.7! 
.66 

14.58 


a  Daily  discharges  were  obtained  from  the  discharge  measurements  by  interpolatioii. 


WHITEROCKS  RIVER  NEAR  WHITBROCKS,  UTAH. 

A  gaging  station  was  established  in  the  canyon  of  this  river  about 
10  miles  above  the  United  States  Indian  agency  at  Whiterocks  on 
September  15, 1899,  by  Cyrus  C.  Babb,  in  connection  with  the  investi- 
gation of  a  water  supply  for  the  Uinta  Indian  Reservation.  The  gage 
rod  consists  of  a  2  by  4  inch  by  12  foot  timber  bolted  to  the  triple  trunk 
of  a  tree  on  the  left  bank  of  the  stream.  The  bench  mark  is  a  nail 
in  a  burnt  tree  50  feet  east  of  the  rod,  and  is  at  an  elevation  of  10. li 
feet  above  gage  datum.  During  flood  stages  discharge  measnrements 
are  made  from  a  car  and  cable  200  feet  above  the  gage  rod.  At 
ordinary  stages  they  are  made  by  wading.  The  bed  of  this  river  is 
rocky,  is  strewn  with  large  bowlders,  and  although  permanent  in 
character  is  not  altogether  satisfactory  because  of  the  fact  that  it  is 
impossible  to  obtain  accurate  soundings. 
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Discharge  mecumrements  of  Whiterocka  River  near  Whiterockit,  Utah. 


Date. 


1902. 

January  7 

January  14 

February  11 

February  18 

February  25 

Marcb  4 

Marcb  11 

Marcb  18 

April  1 

Aprils 

Aprillo 

April  22 

April  29 

May  6 

May  13 

May  20 

May  27-. 

June  4 

June  10 

June  17 

June  24  _ _ . . 

July  1-- 

Julys... 

July  15-_.. 

July  22 

July  29 

August  5 

August  12 

August  18 

August  26 

September  2 

September  9 

September  16 

September  28 

September  30 

October  7 

October  21 

October  28 

November  4 


H^ndrogrrapher. 


C.T.Prall 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do -_ 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do  _ 

Prall  and  Beed 

H.  S.  Beed  . . . . 

do 


do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
.do 
.do 


Gafl:e 
hei^nt. 

Discharge. 

Feet. 

Second-feet. 

0.80 

62 

.90 

48 

.70 

39 

.75 

40 

.70 

47 

1.10 

44 

.70 

47 

.70 

47 

.78 

56 

.78 

54 

.72 

46 

.86 

66 

.88 

66 

1.12 

101 

2.10 

429 

1.75 

293 

2.75 

851 

2.20 

490 

2.00 

425 

1.70 

276 

1.40 

169 

1.40 

166 

1.23 

133 

1.05 

91 

1.03 

77 

1.00 

78 

.97 

68 

1.00 

70 

.95 

64 

.90 

63 

.93 

61 

.87 

49 

\90 

51 

1.00 

67 

.90 

59 

.87 

56 

.85 

51 

.83 

47 

.80 

46 
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Discharge  measurements  of  Whiterocks  River  near  Whiterocks,  Utah — Contiiiiied. 


Date. 

Hydrographer. 

1 

1902. 
November  11 

H.  S.  Reed 

reet. 
0.95 
.90 

Srcond-ftrt 

November  18  _         

do  - 

4S 

November  25           .   .   . 

do 

-  -  -  -  ^^^-^ '  -  --  —  -------  — 

.78  !                 » 

December  2 

do 

2. 15                    41 

December  18 

do 

1.93                    52 

December  24 

do •...: 

.85                     4<1 

December  31  _ 

do 

.a5   '                  39 

1 

Daily  gage  height,  in  feet,  of  Whiterocks  River  near  WJiiterocks^  Utah, 


Day. 

Jan. 

Feb. 

Mar. 

1 
Apr. 

May. 

June. 

Jnly. 

Aug. 

1 
Sept. 

1 

Oct. 

1 
NoT.|  Dec- 

1902. 
1 

0.78 

1.40 

, 

2                 

0.98 

■    1.15 

8 

4 

1.10 

2.20 

0.80  - 

5 

0.97 

w.  rv    , 

6 

1.12 

1 

...... !.__." 

1 

7 

0.80 

, 1 

1 

0.87 

1 

8 

.78 

1.28 

! 

9 

.87 

t 

10 

1 

2.00 



1 

11 

0.70  ;    .70 

1  ' 

i 

95 

12 

1.00 

i 

1 

13 

2.10 

t._ 

1 

U 

.90 

...J 

1            ' 

15 

.72 

1.06 

1 ' 

16 



.90  1 ■ 

17 1 

1.70 

1         "■* 

18 

.75 

.70 

.95 

1 

.90  1    1.C 

19 ' 

--»--  ------ 

20 1 

1.75 

"■' i 

a 1 

.86  i 1""    ' 

m 1 

.86 

1.06 

1 

2S ' 

1.00 

.::;       i 

24 1 

. 

1.40 

! !'"*« 

» ' 1    .70 

1 

-------          .  w 

.78    

1 

» ' ' 

.90 

1       1 

2T 

2.75 

1         1 

1                                           1 

28 '. 

.83  1             ' 

29 ' 

.88 

1 

... ••• 

1.00 

1 

""*        i * 

80 

.90 

1 

81 ' 

1 
« 

1 

1 

1 

1 
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Estimated  monthly  discharge  of  Whiterocks  River  near  Whiterocks,  Utah.f^ 

[Drainage  area,  114  square  miles.] 


Month. 


1902. 


January  ._ 
February  _ 

March 

April 

May 

Jmie 

July 

August 

September 
October  ... 
November. 
December . 


Discharge  in  second-feet. 


Maximum. 


Minimum. 


Mean. 


The  year 


54 

41 

47 

39 

55 

44 

71 

46 

1  100 

76 

900 

166 

200 

77 

76 

62 

67 

49 

59 

47 

63 

38 

52 

39 

Total  in 
acre-feet. 


Bun-off. 


Second-feet  I 
per  square  ' 
mile. 


48 

41 

48 

57 

471 

348 

109 

67 

57 

58 

48 

44 


2,924 
2,297 
2,955 
3,416 
28,947 
20,704 
6,684 
4,094 
3,410 
3,255 
2,830 
2,705 

84, 221 


0.42 
.86 
.42 
.50 
4.13 
3.05 
.96 
.59 
.50 
.46 
.42 
.39 


Depth  in 
inches. 


0.48 

.37 

.48 

.56 

4.77 

3.40 

1.11 

.68 

.56 

.53 

.47 

.45 


o  Daily  discharges  were  obtained  from  the  discharge  measurements  by  interpolation. 

ASHLEY  CREEK  NEAR  VERNAL,  UTAH. 

This  stream  drains  an  area  directly  east  of  the  Uinta  Basin. 
About  7^  miles  above  the  town  of  Vernal  the  river  appears  from  its 
canyon,  and  within  the  next  few  miles  a  series  of  canals  divert  its 
low-water  flow,  which  is  applied  to  the  adjacent  lands — Vernal  Val- 
ley— which  are  extensively  irrigated.  A  gaging  station  was  estab- 
lished in  the  canyon  of  this  stream  on  March  15,  1900,  by  C.  T.  Prall. 
It  is  located  at  the  ranch  of  the  observer,  E.  Marett.  The  gage  is  a 
vertical  rod,  painted  white,  fastened  to  the  west  side  of  the  single 
pier  of  the  wagon  bridge. 

The  bench  mark  at  this  station  was  originally  at  the  4-foot  mark, 
being  a  20-penny  nail  driven  into  the  pier  at  that  point,  but  owing  to 
the  settling  of  the  upper  stringers  of  the  pier  the  upper  fastenings  to 
the  gage  rod  pulled  out  and  the  bench  mark  has  dropped  one-tenth  of 
a  foot,  so  that  in  the  fall  of  1902  it  was  opposite  the  3. 90- foot  mark. 

The  gage  readings  have  not  been  disturbed  as  the  bottom  upon 
which  the  lower  stringers  rests,  to  which  the  rod  is  fastened,  is  of  a 
very  permanent  character. 

The  channel  is  straight  for  a  distance  above  and  below  the  bridge 
and  the  bed  is  rocky.  At  high  stages  two  other  channels  discharge 
a  portion  of  the  water  and  these  also  have  to  be  measured. 
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The  three  principal  canals  diverting  water  from  Ashley  Creek  below 
the  paging  station  are,  in  order  downstream,  Upper  Ashley  canal 
Rock  Point  canal,  and  Central  Ashley  canal. 

Discharge  measurements  of  Ashley  Creek  near  Vernal,  Utah, 


Date. 


1902. 

March  14 

July  16 

November  6 

December  12 


Hydrographer. 


C.T.Prall. 
H.S.Reed 

do  _.. 

do  _.. 


hliSTt.  ii«-^-^ 


J^W. 

Sectnidfftt 

0.60 

46.  u 

1.00 

IW.O 

.60 

43.0 

.60 

4tK0 

3 
4. 

6 
6. 


9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

ao 

21 
22 
28 
24 
26 
26 
27 
28 
29 
30 
81 


Daily  gage  height^  in  feet,  of  Ashley  Creek  near  Vernal,  Utah. 


Day. 


1902. 


Jan. 

Feb. 

Mar. 

0.65 

0.60 

0.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.80 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.55 

.60 

.60 

.55 

Aug.  Septal  Oct,    Not.  Dj<. 


.60 

.60  ' 

.60  , 

.60  ' 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.CO 

.GO 

.80 


.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 


0.G6 

o.«n 

.60 

.a> 

.60 

.8 

.60 

.*' 

.60 

« 

.60 

.«5 

.«. 

n, 

.60 

.«• 

.60 

.6' 

.60 

.ft 

.70 

.* 

.70 

.» 

.65 

.r 

.60 

.9' 

.60 

.6^ 

.60 

.6 

.60 

.«' 

.60 

.§' 

.60 

.«• 

.60 

.» 

.60 

.4 

.60 

.a< 

.611 

.«• 

.60 

.«' 

.60 

.•^ 

.60 

.*' 

.60 

.a> 

.A) 

.«' 

.60  < 

a 

.60 

.»' 

.*' 
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Rating  table  for  Ashley  Creek  near  VemaL  Utah,  for  1902. 


Gage 
hei^t. 

Discharge. 

1 

Second-feet. 

1 

Gage 
height. 

1 

{  Discharge.  ' 

1 

Gage 
height. 

Feet. 

Discharge. 
Hecond-feet. 

Gage 
height. 

Discharge. 

Feet. 

Feet. 

,Secc.xd-feet. 

Feet. 

Second-feet. 

0.5 

37 

i        1.4 

202 

2.3 

474 

3.2 

774 

.6 

43 

1.5 

230 

2.4 

506 

3.3 

810 

.7 

55 

1.6 

1          258     1 

2.5 

538 

8.4 

846 

.8 

69 

'       1.7 

1 

286     < 

1 

2.6 

570     1 

3.5 

882 

.9 

a5 

1       1.8 

315 

2.7 

602 

3.6 

918 

1.0 

106 

'       1.9 

!          346     1 

1 

2.8 

636 

3.7 

954 

1.1 

128 

2.0 

1          378 

2.9 

670 

3.8 

990 

1.2 

152 

'       2.1 

1       2.2 

1 

1          410     ' 

1 

3.0 

704 

1.3 

176 

442     1 

'                    1 

1 

3.1 

738 

Estimated  monthly  discharge  of  Ashley  Creek  near  Vernal,  Utah, 

[Drainage  area,  2S0  square  miles.] 


Discharge  in  second-feet. 

Total  in 
acre-feet. 

Run-off. 

Rainfall, 

Month. 

Maximum. 

Minimum. 

Mean. 

Second- 
feet  per 
square 
mile. 

0.18 
.18 
.17 
.31 
2.13 
1.22 
.43 
.22 
.21 
.21 
.18 
.18 

Depth  in 
inches. 

in  inches. 

at  Vernal 

7i  miles 

south. 

1902. 

January  

February 

March 

April  .-- 

May  -.- 

50 

45 

45 

315 

882 

636 

164 

62 

69 

55 

55 

45 

45 
45 
40 
40 
315 
152 
62 
55 
45 
50 
45 
45 

45 

45 

42 

78 

533 

306 

108 

56 

52 

52 

46 

45 

2,777 
2,498 
2,608 
4, 665 
32, 765 
18, 226 
6,627 
3, 429 
3,096 
3,103 
2,737 
2,767 

0.21 
.19 
.20 
.35 
2.46 
1.36 
.50 
.25 
.23 
.24 
.20 
.21 

0.21 
.51 
.86 
.72 
.42 

Jtme 

,51 

July 

Angnst 

September  _ . . 

October 

November 

December 

.12 
.46 
.99 
.05 
1.12 
.97 

The  year . 

882 

40 

117 

85,298           .47 

6.40 

6.94 
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YAMPA  RIVER  AT  CRAIG,  COLO. 

This  station  was  established  by  A.  L.  Fellows  May  25,  1901,  at  the 
wagon  bridge  about  1  mile  southwest  from  Craig,  Colo.,  this  jxiint 
being  selected  as  the  most  suitable  station  on  Yampa  River.  The 
gage  consists  of  a  vertical  2  by  4  inch  timber  fastened  to  the  south 
abutment  of  the  bridge  on  the  downstream  side,  the  rod  being  marked 
in  feet  and  tenths  vertically.  The  wagon  bridge  is  marked  every  6 
feet.  The  channel  is  deep  at  this  iK>int,  and  at  low  stages  the  current 
is  sluggish,  but  measurements  give  good  results,  as  the  channel 
changes  but  little.  The  observer  is  II.  Jones,  of  Craig,  who  reads 
the  rod  daily. 

The  following  discharge  measurements  were  made  during  1902  by 
A.  J.  McCune  and  J.  E.  Field: 

Jnly  7:  Gage  height,  3.50  feet;  discharge,  987  second-feet. 
October  15:  Gage  height,  2.30  feet;  discharge,  243  second-feet. 

Daily  gage  height,  in  feet,  of  Yampa  River  at  Craig,  Colo. 


Day. 


19Q2. 
1 

2.60 

2 

2.80 

8 

2.80 

4 

2.90 

6 

2.90 

6 

3.  CO 

7 

aoo 

8 

8.20 

9 

3.30 

10 

8.50 

11 

3.00 

12 

3.00 

18 

3.60 

U 

8.70 

15 

3.80 

16 

8.70 

17 

4.00 

18 

4.40 

19 

4.90 

20 

5.30 

21 

5.40 

22 

5.10 

23 

5.00 

24 

4.80 

25 

4.70 

26 

4.80 

27 

4.90 

28 

5.00 

29 

5.20 

80 

5.70 

31 

I  I 

May.  '  June.     July.  , 

1 I I 


AofiT.  I  Sept. 


6.10 

6.80 

7.80  I 

7.60*1 

7.70  1 

7.50  I 

7.80 

7.00 

7.80 

7.65 

7.85 

7.80 

7.50 

7.60 

7.70 

7.80 

8.00 

7.50 

7.00 

6.60 

6.00 

5.70 

6.40 

6.20 

5.40 

5.80 

7.00 

7.40  I 

7.10 

7.50 


7.20 


7.90 
7.10 
6.80 
7.00 
7.10 
6.90 
6.90 
6.90 
7.00 
6. 70 
6.50 
6.40 
6.20 
5.90 
5.00 
5.80 
5.10 
4.90 
4.70 
4.50 
4.30 
4.10 
3.90 
8.90 
3.70 

aeo 

3.40 
8.80 
3.00 
8.60 


8.«) 
3.50 
3.30 
3.40 
3.a) 
8.30 
3.30 
3.20 
3.10 

aoo 

2.90 
2.80 
2.70 
2.70 
2.00 
2.50 
2.40 
2.40 
2.40 
2.50 
2.00 
2.50 
2.50 
2.40 
2.40 
2.30 
2.30 
2.30 
2.30 
2.20 
2.20 


2.10  >  1.90 
2.00  \  1» 
2.00  i  Lftt 
2.00  I  L» 
l.«0        t«« 

1.90  ' 

1.90  i 

1.90  I ^ 

1.90  1 

1.90    

^•»  i 

1.90  ' 
1.90 

1.90  I 

1.90I 

1.90    

1.90    

1.90' 

1.90  ' 

1.90  ' 

1.90  ; 

1.90    

1.80  ' 

i.ao  ' 

1.80  ! 

1.90  1 

1-90    

2.O0    

2.00  ' 

1.90  '   ..      . 


a  No  obuerver. 
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Bating  table  for  Yampa  River  at  Craig,  Colo.,  for  1902, 


Gh&fe 

Discharge. 

Gkiffe 
height. 

Discharge. 

Gaffe 
height. 

Discharge. 

Gage 
height. 

Discharge. 

F>et. 

Sec'feet. 

Feet, 

Sec.-feeL 

Feet, 

Sec.-feei, 

Feet. 

Sec-feet. 

1.8 

90 

8.4 

906 

5.0 

2,9a5 

6.6 

5,891 

2.0 

186 

8.6 

1,081 

5.2 

3,320 

6.8 

6,2a5 

2.2 

198 

3.8 

1,285 

5.4 

3,664 

7.0    - 

6,683 

2.4 

276 

4.0 

1,520 

5.6 

4,016 

7.2 

7,086 

2.6 

370     1 

4.2 

1,780 

5.8 

4,376 

7.4 

7,494 

2.8 

480 

4.4 

2,058 

6.0 

4,744 

7.6 

7,904 

3.0 

606 

4.6 

2,352 

6.2 

5,120 

7.8 

8,316 

3.2 

748 

4.8 

2,662 

6.4 

5,502 

8.0 

8,728 

Estimated  monthly  discharge  of  Yampa  River  at  Craig,  Colo, 

[Drainage  area,  1,730  square  miles.] 


Month. 


1902. 

April 

May  - 

June 

Jtdy 

Angnst  


Discharge  in  second-feet. 


Maximum. 


Minimum. 


4,195 

8,728 

8,522 

1,081 

165 


870 

3,320 

825 

198 

90 


Mean. 


Total  in 
acre-feet. 


1,797 

6,722 

3,969 

479 

115 


Bun-off. 


Second-feet 

per  square 

mile. 


Depth  in 
inches. 


106, 929 

1.04 

1.16 

413, 320 

3.89 

4.48 

236, 172 

2.29 

2.55 

29, 452 

.28 

.32 

7,071 

.07 

.08 

GREEN  RIVER  AT  GREENRIVER,  WYO. 

The  gaging  station  at  Greenriver,  Wyo.,  is  at  the  crossing  of  the 
Union  Pacific  Railroad.  It  was  established  May  2, 1895,  at  the  pump 
house  of  the  Union  Pacific  Railroad  Company.  The  rod  is  fastened 
to  a  pile  near  the  east  end  of  the  bridge.  The  bench  mark  consists  of 
a  cross  on  the  third  step  from  the  bottom  on  the  south  end  of  the  east 
abutment,  and  is  12.48  feet  above  gage  datum.  As  the  section  under 
the  railroad  bridge  is  poor,  discharge  measurements  are  made  from 
the  iron  highway  bridge  about  one-half  mile  below.  The  station  was 
temporarily  discontinued  during  the  latter  part  of  1900  and  for  part 

of  1901. 

During  1902  the  following  discharge  measurements  were  made  by 
A.  J.  Pai-shall: 

March  31:  Gage  height,  0.48  feet;  discharge,  307  second- feet. 
April  9:  Gage  height,  0.85  feet;  discharge,  696  second-feet 
April  18:  Gage  height,  0.98  feet;  discharge,  797  second-feet. 
May  3:  Gi^e  height,  1.15  feet;  discharge.  958  second-feet. 
May  28:  Gage  height,  2.20  feet;  discharge,  2,244  second-feet. 
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Daily  gage  height^  infeet^  of  Oreen  River,  at  Oreenriver,  Wyo. 


fS*i,\\ 


Day. 


Apr. 


1908. 
1 

0.50 

2 

.50 

3 

.50 

4 

.45 

5 '. 

.45 

6 

.53 

7 

.65 

8 

.80 

9 

.96 

10 

1.00 

11 

1.00 

12 

.95 

13 

.90 

U 

.90 

15 

.96 

16 

1.00 

17 

.95 

18 

.95 

19 

1.10 

20 

1.25 



21 

1.40 

22 ... 

1.40 

23 

1.45 

24 

1.50 

25 

1.48 

26 1 

1.48 

1 

27 1 

1.28 

28 

1.20 

29 ' 

1.20 

30 . 

1.20 

31 i 

May.     June. 


July. 


1.15  ' 

1.15  I 

1.20  ' 

1.15  ' 

1.10  I 

1.06 

1.00 

1.00 

1.00 

1.08 

1.13 

1.38 

1.55 

1.78 

1.88 

2.08 

2.36 

2.00 

2.77 

2.75 

2.70 

2.55 

2.42 

2.33 

2.15 

2.05 

2.06 

2.25 

2.85 

3.60 

3.96 


4.12 
4.22 
4.27 
3.90 
3.56 
3.47 
3.55 
3.67 
8.77 
3.95 
4.20 
4.50 
4.75 
4.67 
4.57 
4.48 
4.25 
3.96 
8.67 
8.47 
3.83 
3.12 
8.07 
3.00 
3.08 
3.13 
3.17 
3.25 
3.^ 
3.12 


8.06 
3.00 
2.95 
2.95 
2.97 
2.97 
2.88 
2.77 
2.66 
2.57 
2.48 

2.  as 

2.23 

2.12 
2.10 
2.03 
2.00 
2.06 
2.12 
2.L5 
2.15 
2.10 
2.05 
2.00 
1.95 
1.90 
1.^ 
1.85 
1.80 
1.80 
1.80 


Aug.   I    Sept. 


1.75 
1.70 
1.67 

i.eo 

1.55 
1.58 
1.50 
1.45 
1.40 
1.35 
1.35 
1.80 
1.30 
1.25 
1.30 
1.30 
1.80 
1.25 
1.25 
1.28 
1.20 
1.20 
1.20 
1.80 
2.00 
2.20 
2.20 
2.20 
1.65 
1.10 
1.10 


1.10 
1.06 
1.05 
1.06 
1.00 
1.00 

.94 

.06 
.96 
.90 
.90 
.80 

.m 

.73 
.72 
.75 
.70 
.68 
.66 
.00 
.96 
1.00 
.96 
.75 

.e& 

.60 
.00 
.60 
.57 
.55 


Oct.       XOT. 


0.55  ««t' 

.55    

..55  

.55   

.511   

.50   

.50    

.50  ' - 

-»  , 

.30  

1 

.30    

.50' 

..50' „ 

.50  , 

.50   

.50   

.50  1 

.30  1 

.50! 

.50  

.50  

.60   

.30   

.50   

.30   

.50   

.45     

.45    

.45   

.45    

.45   


Rating  table  for  Oreen  River  at  Greenriver,  Wye,  for  1902. 


h?igil     Discharge. 


FvH. 
0.1 


.2 


.3 

.4 


.5 


.6 
.7 
.8 
.9 
1.0 
1.1 


Second-feet. 
30 

90 

160 

240 

330 

430 

530 

eai 

740 
845 
950 


Feet. 
1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

2.0 

2.1 

2.2 


Discharge. 

Gage 
I  heighl 

1 

Second-feet. 

1 

Feet. 

1,055 

2.3 

1,165 

2.4 

1,275 

2.5 

1,385 

1      2.6 

1,495 

2.7 

1,605 

1      2.8 

1 

1,720 

1      2.9 

1,845 

3.0 

1,975 

!      3.1 

2,110 

3.2 

2,260 

3.3 

Discharge. 


Second-feet. 
2,430 

2,630 

2,860 

3,130 

3,410 

3,700 

4,030 

4,375 

4,725 

5,090 

5,456 


Gage 
heigrlit. 


Feet. 
3.4 

3.5 

3.6 

3.7 

3.8 

3.9 

4.0 

4.5 

5.0 


DiacbaTir«^ 
Second-fret 

5,822 
6,18s 
6.554 
6,920 

7,3.*^ 
7,65S 
SM^ 
9,84^ 

ii.ers 


KEWELX..] 


OOLOBADO   BIVER   DRAINAGE   BASIN. 


77 


Estimated  monthly  discharge  of  Green  River  at  Oreenriver,  Wyo. 

[Drainage  area,  7,450  square  miles.] 


Month. 


1902. 

April  _ 

May  _ 

June 

July 

Angnst 

September  _. 
October 


Discharge  in  second-feet. 


Maximum. 

Minimum. 

1,385 

285 

7,925 

845 

10, 763 

4,375 

4,550 

1,720 

2,260 

950 

950 

380 

380 

285 

Mean. 


844 
2,262 
7,104 
2,673 
1,387 
656 
329 


Total  in  acre- 
feet. 


Bun-off. 


50, 153 

138, 845 

419, 990 

164,043 

a5, 130 

38,937 

20,206 


Second-feet 

persQuare 

mile. 

Depth  in 
inches. 

0.11 

0.12 

.30 

.85 

.95 

1.06 

.86 

.42 

.19 

.22 

.09 

.10 

.04 

.05 

Miscellaneous  meas^irements  in  the  Colorado  River  drainage  basin. 


Date. 


Hydrographer. 


1902. 
November  19  . .    W.  D.  Smith 

November  2.5  .., do 

December  18... do 

December  24 do 

November  14 . 
December  14... 

October  13 

October  16 

October  11 

October  18 

October  14 

JulyT 

July  10 

October  11 

July  13 


July  13. 
July  13. 
July  14 
July  15. 
July  15. 
July  15 
July  15 
July  15 


July  15... 
March  21. 
July  12... 
July  17... 


S.G.Bennett.. 
W.  D.Smith.. - 

J.E.  Field 

do 

do 

.....do- 

do 

A.  J.  McOune  .. 

do 

J.E.  Field 

W.  P.  Edwards 
do 


do 
.do 
.do 
do 
do 
.do 
.do 

.do 


Stream. 


Gila  River 

do 

do 

do 

Imperial  Canal 

do 

Yampa 

Williams  Fork 

Grand 

Elk  River 

Yampa 

Williams  Fork 

Snake 

Bock  Creek 

Lathos  Creek 

Taylor  River 

Spring  Creek 

Cebolla 

Lake  Fork 

Pine  Creek 

Little  Blue  Creek  . .. 
do 


Locality. 


Near  mouth 

do 

do 

do 

International  boundary. . 

do 

Steamboat  Springs,  Colo. 

Hamilton,  Colo 

Near  Piney  Creek 

Trull,  Colo 

Hayden,  Colo 


Dia- 
chai^e. 


Little    Cimarron 
Creek. 

Cimarron  River 


A.  L.  Fellows i  Mancos  River  . 

do do 

do Uncompahgre 


Near  Dixon 

Near  McCoy's  ranch 

At  mouth 

Clarke's  ranch 

Near  Gunnison,  Colo 

Between  Spencer  and  Dubois 

Carr's  ranch 

Near  Gate  View 

At  mouth 

Above  junction 

At  mouth 


At  Cimarron,  Colo  . . 

Mancos 

do 

Fort  Crawford,  Colo 


Sec.  feet. 

25 

886 

2,109 

238 

374 

494 

112 

47 

488 

147 

235 

136 

253 

11 

15 

259 

19 

67 

171 

13 

9 

18 

16 

119 

18 

5 

63 
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INTERIOR  BASIN. 

Under  this  head  is  comprised  the  large  extent  of  arid  country  which 
includes  nearly  the  whole  of  Nevada,  the  northern  and  ^restern  part^ 
of  Utah,  and  small  portions  of  California  and  Idaho.  Having  no 
outlet  to  the  sea,  the  entire  drainage  of  this  vast  basin  is  lost  mainly 
through  evaporation  from  the  numerous  lakes  and  sinks  in  ^vrhich  the 
waters  of  the  rivers  collect. 

The  largest  of  the  lakes  is  Great  Salt  Lake,  which  receives  the 
waters  of  that  portion  of  the  basin  lying  in  northern  Utah  and  Idaho. 
Southwestern  Utah  drains  into  Sevier  Lake.  Other  important  lakts 
are  Humboldt,  Pyramid,  Winnemucca,  Carson,  and  Walker,  all  in 
western  Nevada.  These  lakes  receive  the  basin  drainage  from 
Nevada  and  California.  The  principal  rivers  in  this  section  are  as 
follows: 

Bear  River  has  its  source  on  the  northern  slope  of  the  Uinta  Moun- 
tains in  the  northeastern  part  of  Utah,  and  after  a  circoitoas  eourse» 
in  which  it  leaves  Utah  and  enters  Wyoming,  reenters  TJtAli,  api^e&i^ 
again  in  Wyoming,  then  in  Idaho,  and  reenters  Utah,  it  finally  dis- 
charges its  waters  into  Great  Salt  Lake.  Considerable  irrig^ation  is 
practiced  on  certain  portions  of  the  river.  Ix)gan  River  empties  int* 
Bear  River  in  Cache  Valley,  Utah.  Blacksmith  Fork  is  a  tributarr 
of  Bear  River  from  the  western  slope  of  the  Wasatch  Range. 

Weber  River  rises  in  the  high  country  east  of  the  Wasatch  Moun- 
tains. Passing  through  that  range,  it  appears  in  the  plains  region  in 
the  vicinity  of  Ogden,  where,  after  receiving  the  waters  of  Ogden 
River,  it  discharges  into  Great  Salt  Lake.  There  are  a  nnmberof 
good  reservoir  sites  on  its  upper  tributaries,  some  of  which  have  been 
utilized  within  the  last  year. 

Provo  River  rises  on  the  western  slope  of  the  Uinta  Mountains  and 
after  receiving  a  number  of  tributaries  enters  what  is  known  as  Heher 
Valley,  where  considerable  irrigation  is  practiced.  After  crossing 
this  valley  it  passes  through  the  Wasatch  Mountains  in  a  pictaresqur 
canyon,  and  finally  enters  Utah  Valley,  where  its  summer  flow  is  com- 
pletely diverted  for  irrigation  purposes.  Its  flood  waters  discharge 
into  Utah  Lake. 

Sevier  River  drains  a  large  area  in  the  southwestern  part  of  Utah. 
It  flows  northerly  until  it  ent-ers  Juab  County,  then  makes  a  short  benti 
and  flows  southwest  into  Sevier  Lake.  San  Pitch  River  joins  Sevier 
River  near  Gunnison,  Utah. 

Humboldt  River  rises  in  the  extreme  northeastern  part  of  Nevada 
and  flows  in  a  general  westerly  and  southerly  direction,  finally 
entering  Humboldt  Lake,  whence  its  waters  find  their  way  into  the 
Humboldt  and  Carson  Sink.  The  general  direction  of  the  monntain 
ranges  of  this  basin  is  north  and  south,  crossed  at   nearly  righ: 
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angles  by  the  main  Humboldt  River.  The  tributaries  flow  in  the 
general  direction  of  the  mountain  ranges,  and  drain  either  to  the 
north  or  to  the  south.  During  low  stages  the  water  of  the  river  is 
almost  wholly  diverted.  For  the  future  development  of  the  country 
recourse  must  be  had  to  the  construction  of  storage  reservoirs.  Of 
its  tributaries,  the  North  Fork  enters  it  west  of  Peko,  Nev.,  and  the 
South  Fork  enters  it  about  10  miles  below  Elko,  Nev. 

Pine  Creek  is  a  tributary  from  the  south  and  joins  it  near  Pali- 
sade, Nev.  Marys  River  is  one  of  the  headwater  tributaries  of  the 
Humboldt. 

Walker  River  is  formed  by  two  branches  which  have  their  sources 
across  the  Nevada-California  boundary,  in  California.  It  flows 
north  and  then  takes  a  sharp  bend  to  the  southeast,  emptying  into 
Walker  Lake. 

Carson  River  has  its  source  on  the  slopes  of  the  Sierra  Nevada 
in  eastern  California,  and  flows  northward  into  the  State  of  Nevada. 
The  £a8t  and  West  forks  unite  near  Genoa,  Nev.,  in  Carson  Valley. 
At  Empire,  3  miles  east  of  Carson,  after  having  traversed  the  Upper 
Carson  Valley,  it  turns  to  the  northeast  and  enters  a  deep  canyon, 
through  which  it  flows  for  several  miles,  emerging  into  a  second 
smaller  valley  a  short  distance  above  the  town  of  Dayton.  After 
leaving  this  valley  it  passes  through  two  other  shorter  canyons  and 
through  one  rather  large  valley  before  entering  Lower  Carson  Valley, 
or  Carson  Sink  Valley,  as  it  is  also  known,  and  discharging  its  waters 
into  the  Carson  Sink. 

The  Truckee  has  its  source  on  the  slopes  of  the  Sierra  Nevada  in 
eastern  California  and  flows  northward,  entering  Lake  Tahoe,  which 
is  at  an  elevation  of  6,225  feet  and  the  largest  body  of  fresh  water  in 
the  United  States  at  this  considerable  altitude.  The  area  of  the  lake 
is  193  square  miles.  Its  outlet  is  at  Tahoe,  Cal.,  from  which  point 
Truckee  River  has  a  general  northward  and  eastward  course,  receiv- 
ing several  important  tributaries  which  contribute  to  its  flow.  It 
drains  into  Pyramid  and  Winnemucca  lakes,  which  have  no  outlets. 
Donner  and  Prosser  creeks  are  tributaries  of  Truckee  River.  Inde- 
pendence Creek  discharges  into  the  Little  Truckee,  a  main  branch  of 
Truckee  River,  entering  it  at  Boca,  Cal.  They  drain  areas  of  31,  56, 
and  8.5  square  miles,  respectively,  lying  to  the  northwest  of  Lake 
Tahoe,  in  California. 

Susan  River  has  its  source  in  the  Sierra  Nevada  in  northeastern  Cali- 
fornia, and  flowing  eastward  discharges  into  Honey  Lake — one  of  the 
land-locked  lakes  of  the  Great  Basin — of  which  it  is  the  principal 
feeder.  A  considerable  area  of  land  is  irrigated  from  the  waters  of 
the  river  below  the  gaging  station,  and  during  the  last  ten  or  twelve 
years  several  projects  have  been  started  for  irrigating  other  extensive 
areas  by  the  storage  of  its  waters  both  above  and  below  the  town  of 
Susanville. 
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The  following  is  a  list  of  stations  in  the  Interior  drainage  basin: 

Bear  River  near  Collinston,  Utah. 

Bear  River  at  Battlecreek,  near  Preston,  Idaho. 

Blacksmith  Fork  at  Hyrum,  Utah. 

Logan  River  near  Logan,  Utah. 

Weber  River  near  Uinta,  Utah. 

Provo  River  near  Provo,  Utah. 

Sevier  River  near  Gunnison,  Utah. 

San  Pitch  River  near  Gunnison.  Utah. 

Humboldt  River  near  Oreana,  Nev. 

Humboldt  River  near  Golconda,  Nev. 

Humboldt  River  at  Palisade,  Nev. 

Pine  Creek  at  Palisade^  Nev. 

Humboldt  River  (South  Fork)  at  Mason's  ranch,  near  Elko,  Nev. 

Humboldt  River  near  Elko,  Nev. 

Humboldt  River  (North  Fork)  near  Elburz  station,  near  Halleck,  Nev. 

Marys  River  at  Bradley's  Home  ranch,  near  Deeth,  Nev. 

Walker  River  near  Wabuska,  Nev. 

Walker  River  (East  Fork)  at  Ross  ranch,  near  Yering^n,  Nev. 

Walker  River  (West  Fork)  at  upi)er  end  of  Antelope  Valley,  near  ColeviDe. 

Cal. 
Carson  River  near  Empire,  Nev. 

Carson  River  (East  Fork)  at  Rodenbah's  ranch,  near  Gardnerville,  Nev. 
Carson  River  (West  Fork)  at  Woodfords,  Cal. 
Truckee  River  at  Tahoe,  Cal. 
Truckee  River  at  Vista,  near  Reno,  Nev. 
Truckee  River  near  Mystic,  at  Nevada-California  State  line. 
Independence  Creek  below^  Independence  Lake,  near  Overton,  Cal. 
Prosser  Creek  below  Prosser  Creek  Ice  Company's  dam,  near  BcK^a.  CaL 
Donner  Creek  near  Donner  Ice  Company's  dam,  near  Truckee,  Cal. 
Susan  River  near  Susanville,  Cal. 

BEAR  RIVER  NEAR  COLLINSTON,  UTAH. 

The  gaging  station  at  Collinston  was  established  July  1,  1889,  and 
is  located  about  4  miles  from  the  railroad  station  at  Collinston,  - 
miles  east  of  the  town  of  Fielding,  Utah,  and  below  the  head  works  of 
the  Bear  River  canal.  The  gage  consists  of  a  vertical  iron  rod  giada* 
ated  to  tenths  of  a  foot.  Tho  bench  mark  is  a  nail  in  an  oak  post  ?> 
feet  west  of  the  gage  and  20  feet  north  of  the  cable,  and  is  at  an  ele- 
vation of  7.35  feet  above  gage  datum.  The  equipment  consists  of  a 
cable,  a  tagged  wire,  and  a  boat.  The  observer  is  generally  the  ditch 
rider  of  the  Bear  River  Canal  Company,  who  has  a  house  near  the 
station.  The  banks  of  the  stream  are  high  and  the  channel  is  gravelly. 
with  bowlders,  the  water  flowing  with  moderate  velocity.  At  this  point 
it  has  a  slope  of  0.55  foot  in  600  feet. 

During  1002  the  following  discharge  measurements  were  made  by 
G.  L.  Swendsen: 

July  16:  Gage  height,  0.40  foot;  discharge,  324  second-feet. 
July  20:  Gage  height,  0.30  foot;  discharge,  205  second-feet. 
August  13:  Gage  height,  0.40  foot;  discharge,  08  second-feet. 
August  26:  Gage  height,  0.45  foot;  discharge,  60  second-feet. 
December  30:  Gage  height,  0.51  foot;  discharge,  402  second-feet. 
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Daily  gage  height^  in  feety  of  Bear  River  near  Collinston,  Utah, 


Day. 


i9oe. 
1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

u 

12 

13 

U 

15 

16 

17 

18 , 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

90 

m 


Jan. 


1.70 
1.75 
1.80 
1.80 
1.80 
1.80 
1.80 
1.85 
1.85 
1.80 
1.80 
1.80 
1.75 
1.70 
1.70 
1.70 
1.70 
1.60 
1.65 
1.65 
1.65 
1.65 
1.66 
1.60 
1.40 
1.40 
1.40 
1.40 
1.45 
1.50 
1.65 


Feb. 


1.65 
1.60 
1.60 
1.65 
1.60 
1.55 
1.65 
1.60 
1.76 
1.80 
1.85 
1.85 
1.90 
1.90 
1.70 
1.70 
1.70 
1.80 
1.80 
1.70 
1.70 
1.65 
1.66 
1.66 
1.65 
1.70 
2.00 
1.96 


Mar. 

Apr. 

1.85 

1.65 

1.75 

1.66 

1.75 

1.70 

1.75 

1.76 

1.65 

1.80 

1.65 

1.90 

1.65 

1.90 

1.65 

2.40 

1.70 

3.00 

L80 

2.90 

1.80 

2.75 

1.76 

2.76 

1.75 

2.75 

1.70 

2.75 

1.70 

2.75 

1.65 

2.70 

1.65 

2.65 

1.70 

2.65 

1.70 

2.70 

1.80 

2.80 

1.75 

300 

1.80 

a20 

1.80 

8.20 

1.75 

8.10 

1.70 

3.30 

1.T0 

3.30 

1.70 

3.  SO 

1.70 

3.10 

1.70 

3.00 

1.70 

2.90 

1.65 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

2.90 

3.50 

0.40 

-0.10 

-0.66 

0.80 

0.80 

0.35 

2.90 

8.60 

.80 

-  .10 

-  .55 

.80 

.80 

.35 

2.90 

3.60 

.30 

-  .10 

-  .20 

.80 

.80 

.40 

2.90 

3.45 

.40 

-  .10 

-  .10 

.80 

.80 

.40 

2.80 

3.30 

.40 

-  .15 

-  .16 

.80 

.80 

.46 

2.70 

3.15 

.35 

-  .20 

-  .20 

.80 

80 

.80 

2.60 

3.00 

.36 

-  .25 

-  .30 

.80 

.80 

.60 

2.60 

3.00 

.36 

-  .30 

-  .20 

.80 

.80 

.66 

2.70 

3.00 

.40 

-  .35 

-  .30 

.40 

.80 

.60 

2.80  1  3.10 

.40 

-  .35 

-  .20 

1.00 

.90 

.60 

2.90    3.10 

.40 

-  .40 

-  .20 

.90 

1.10 

.60 

3.00 

3.10 

.40 

-  .40 

-  .10 

.90 

1.20 

.80 

3.10  1  3.10 

.36 

-  .40 

--  .10 

.90 

1.30 

.70 

3.15  1  3.00 

.35 

-  .40 

-  .10 

.90 

1.40 

.60 

3.16  I  3.00 

.40 

-  .40 

-  .10 

.90 

1.50 

.50 

3.20  1  2.90 

.46 

-  .46 

-    10 

.90 

.m 

.40 

3.25 

2.80 

.46 

-  .46 

.00 

.90 

.60 

.30 

3.30 

2.60 

.40 

-  .45 

.10 

.90 

.60 

.30 

3  30 

2.60 

.90 

-  .45 

.10 

.90 

.46 

.85 

3.30 

2.35 

.30 

-  .45 

.20 

.90 

.40 

.40 

3.30 

2.20 

.26 

-  .46 

.30 

.90 

.50 

.40 

3.20 

2.10 

.20 

-  .45 

.30 

.80 

.50 

.40 

3.20 

2.00 

.16 

-  .45 

.30 

.80 

.50 

.40 

8.10 

1.90 

.10 

-  .60 

.30 

.90 

.60 

.40 

3.10 

1  80 

.20 

-  .50 

.30 

.90 

.40 

.46 

3.10 

1.70 

.20 

-  .60 

.80 

.90 

.40 

.45 

3.20 

1.60 

.10 

-  .50 

.40 

.80 

.30 

.40 

3.26 

1.40 

.10 

-  .55 

.50 

.80 

m 

.40 

3.30 

;60 

.10 

-  .55 

.60 

.80 

.35 

.40 

3.35 

.50 

.00 

-  .60 

.70 

.80 

.35 

.40 

8.45 

-.10 

-  .60 

. 

.80 

.40 

Rating  table  for  Bear  River  near  Collinstonj  Utah,  for  190S, 


Gage 
height. 

1 
Discharge. 

1 

Gkure 
height. 

Diflchargre. 

Oage 
height. 

Discharge. 

1 

1     Gage 
height. 

1 

Discharge. 

Feet. 

Sec-feet, 

Feet. 

Sec.-feet. 

Feet, 

Sec.-feet. 

1     Feet. 

Sec.-feet. 

-0.1 

280     1 

0.7 

370 

2.0 

1,470 

3.6 

3,340 

.0 

280     > 

.8 

410 

2.2 

1,670 

3.8 

3,600 

.1 

280 

.9 

460 

2.4 

1,880 

4.0 

3,860 

.2 

285 

1.0 

520 

2.6 

2,100 

4.2 

4,140 

.3 

290 

1.2 

690 

2.8 

2,330 

4.4 

4,420 

.4 

300 

1.4 

870 

3.0 

2,570 

4.6 

4,700 

.5 

810 

1.6 

1,070 

3.2 

2,820 

4.8 

5,000 

.6 

840     ' 

1.8 

1,270 

3.4 

3,080 

5.0 

5,300 

IRB  85—03- 
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Estimated  monthly  discharge  of  Bear  River  near  Collinstofiy  UtaJi, 

[Drainage  area,  6,000  square  miles.] 


Month. 


1902. 

January 

February  ... 

March 

April 

May 

June. 

July.__ 

August 

September  _ . 

October 

November . . . 
December . . . 


Discharge  in  seoond-feet. 


Maximum. 


1,320 

1,470 

1,820 

2,950 

3,145 

3,840 

305 

280 

370 

520 

970 

410 


Minimum.      Mean 


870 

1,020 

1,120 

1,120 

2,100 

310 

280 

280 

280 

290 

290 

290 


Total  in 
acre-feet. 


1,139 

1,191 

1,191 

2,176 

2,656 

2,138 

292 

280 

289 

427 

420 

312 


Run-off. 


Second-feet  D^tjji^ 


The  year 


3,340 


280  I     1,043 


70,034 

66,145 

73,232 

129,481 

163,311 

127, 220 

17,954 

17,217 

17,197 

26,255 

24, 992 

19,184 


752, 222 


0.19 
.20 
.20 
.36 
.44 
.36 
.05 
.05 
.05  1 
.07 
.07 
.05 


0.22 

.23 
.40 
.51 

.-k» 
.t« 


.17 


2.3S 


BEAR  RIVER  AT  BATTL.ECREEK,  IDAHO. 

This  station,  established  October  11,  1889,  is  about  10  miles  north 
of  the  Utah-Idaho  boundary  line.  The  station  is  of  considerable 
importance  from  the  fact  that  its  location  is  near  the  I^tah-Idaho 
line,  and  the  measurements  there  will  indicate  the  volume  of  wal«^r 
that  passes  from  Idaho  into  Utah.  During  1901  a  large  canal  was 
completed,  appropriating  the  waters  of  the  Bear  about  8  miles  below 
Soda  Springs  in  sufficient  quantity  to  irrigate  about  35,000  acres  of 
very  fine  land  in  that  locality.  The  original  gage  consisted  of  a  ver- 
tical board  nailed  to  a  pile.  This  was  carried  away  June  30,  ISi*^ 
but  was  replaced  on  August  4  by  a  wire  and  weight,  reading:s  being 
made  on  a  horizontal  scale.  The  bench  mark  for  the  old  g^age  was 
a  nail  in  the  southeast  corner  of  a  house  near  the  gage,  about  l.o 
feet  from  the  ground  and  10.95  feet  above  gage  datum.  There  are 
two  l)ench  marks  to  which  the  present  gage  is  referi'ed.  The  first  is 
a  nail  in  the  bridge  floor  beam  close  to  the  gage,  and  the  second  is 
three  nails  in  the  east  side  of  the  north  post  which  supports  the  station 
cable.  Both  of  these  bench  marks  are  11.118  feet  above  the  gage 
datum.     The  station  is  equipped  with  a  cable  and  car. 
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Discharge  meaaurementB  of  Bear  River  at  Battlecreeky  Idaho, 


Date. 


1902. 

January  13, 

February  1 

March  15 

April  20 

May  30 

June  12 

Jnne  18  ._ _ 

jTay21 

August  11 ' do 

September  29 do 


Hydrographer. 


G^eorge  L.  Swendsen 
....do 


do 
do 
do 
do 
do 
do 


Gage 
heteht. 


Ftet. 


October  6  __. 
November  3 . 
December  24 


do 
do 
do 


Discharge. 


Second-feet, 


i.eo 

407 

1.80 

606 

1.72 

610 

8.00 

1,808 

8.15 

1,961 

3.40 

2,281 

2.40 

924 

1.26 

355 

1.19 

290 

1.82 

385 

1.58 

412 

1.62 

455 

1.70 

524 

Daily  gage  height^  in  feet ^  of  Bear  River  at  Battlecreek,  Idaho, 


I>ay. 


190B 
1 

2 

3 

4 

at 

O » 

6 

I 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Jan. 


1.00 
1.60 
1.60 
1.00 

(«) 

(«) 

(«) 
(a) 

(«) 

(«) 

(») 
1.60 

1.60 
1.60 
1.60 
1.60 
1.00 
1.00 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.00 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 


Feb. 

Mar. 

Apr. 

May. 

June. 

1.60 

1.70 

1.70 

2.75 

3.10 

1.00 

1.70 

1.70 

2.75 

3.10 

1.60 

1.70 

1.70 

2.75 

3.10 

1.60 

1.70 

1.76 

2.70 

3.10 

1.00 

1.70 

1.85 

2.65 

3.10 

1.00 

1.70 

2.15 

2.68 

3.10 

1.00 

1.70 

2.70 

2.50 

3.10 

1.60 

1.70 

3.20 

2.^ 

3.10 

(«) 

1.70 

3.00 

2.63 

3.10 

(«) 

1.70 

2.90 

2.65 

3.10 

(«) 

1.70 

2.90 

2.70 

3.15 

(«) 

1.70 

3.00 

2.75 

3.15 

(°) 

1.70 

3.50 

2.76 

3.15 

(«) 

1.70 

3.50 

2.75 

3.15 

(«) 

1.70 

2.88 

2.75 

3.10 

1.65 

1.70 

2.80 

2.80 

3.50 

1.65 

1.70 

2.80 

2.85 

3.25 

1.70 

1.70 

2.83 

3.(» 

2.96 

1.66 

1.70 

2.90 

2.96 

2.88 

1.65 

1.70 

^2.85 

2.90 

2.78 

1.65 

1.70 

2.90 

3.00 

2.73 

1.65 

1.70 

2.80 

3.00 

2.68 

1.65 

1.70 

2.96 

3.00 

263 

1.65 

1.70 

2.90 

3.20 

2.58 

1.65 

1.70 

3.20 

3.15 

2.53 

1.65 

1.70 

3.10 

3.10 

2.43 

1.65 

1.70 

3.00 

3.10 

2.33 

1.65 

1.70 

2.95 

8.10 

2.13 

1.70 

2.90 

3.10 

2.08 

1.70 

2.85 

3.10 

2.13 

1.70 

3.10 

July, 


2.30 
2.25 
1.95 
1.88 
1.85 
1.86 
1.86 
1.85 
1.83 
1.80 
1.68 
1.65 
1.65 
1.65 
1.65 
1.58 
1.50 
1.48 
1.43 
1.40 
1.40 
1.40 
1.40 
1.37 
1.35 
1.35 
1.35 
1.35 
1.83 
1.30 
1.27 


Aug. 


1.20 
1.15 
1.25 
1.15 
1.20 
1.25 
1.80 
1.35 
1.40 
1.46 
1.50 
1.55 
1.60 
1.66 
1.70 
1.80 
1.80 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.95 
1.80 


Sept. 


1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.70 
1.60 
1.60 
1.40 
1.30 
1.20 
1.10 
1.10 
1.10 
1.10 
1.15 
1.20 
1.27 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.32 
1.35 
1.32 
1.40 


Oct. 


1.45 
1.48 
1.60 
1.55 
1.6-> 
1.63 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.00 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.68 
1.70 
1.70 
1.70 
1.70 
1.70 


Nov. 


1.70 

1.66 

1.66 

1.66 

1.65 

1.65 

1.65 

1.65 

1.65 

1.65 

1.65 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.65 

1.60 

1.60 

1.60 

1.60" 

1.60 

1.60 

1.60 

1.60 

1.60 

1.60 

1.60 

1.60 


Dec. 


1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.00 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.00 
1.00 
1.00 
1.60 
1.60 
1.60 
1.00 
1.00 
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Rating  table  for  Bear  Rit>er  at  Battlecreek,  Idaho,  for  1902, 


GhMfe 
height. 

Discharge. 

Ftet. 

Second-fett. 

1.1 

802 

1.3 

324 

1.3 

350 

1.4 

382 

1.5 

420 

1.6 

464 

1.7 

514 

Oage 
height 

Fert. 
1.8 
1.9 
2.0 
2.1 
2.2 
2.3 
2.4 


Discharge. 

1 

Oage 
height. 

Feet. 

1 
Second-feet. 

570 

2.5 

632 

2.6 

700 

2.7 

776 

2.8 

856 

2.9 

942 

3.0 

1,034 

1 

3.1 

Discharge.      ^^^     \  I>tocharp? 


Seoond^feet. 
1.130 
1,230 
1,384 
1,442 
1,556 
1,676 
1,800 


Feet. 
3.2 
3.3 
3.4 
3.5 


Srcond-frri, 

1,928 

2,060 

I        2,196 

2,336 


Estimated  monthly  discharge  of  Bear  Rit>er  at  Battlecreek,  Idaho. 

[Drainage  area,  4,600  square  inlleB.] 


Month. 


1902. 

January 

February  .__ 

March 

April 

May 

Jnne 

July 

August 

September  _ . 

October 

November .  _ . 
December . . . 


Discharge  in  seoond-f eet. 


Mazimom. 


464 

514 

514 

2,336 

1,928 

2,336 

942 

666 

570 

514 

514 

464 


The  year 


2,336 


Minlmnm 

Mean. 

464 

464 

464 

480 

514 

514 

514 

1,438 

1,130 

1,493 

776 

1,570 

387 

493 

313 

508 

802 

406 

399 

467 

464 

485 

464 

464 

302 

732 

Total  in 
acre-feet. 


Run-off. 


28,530 
26,658 
31,605 
85, 567 
91,801 
93,421 
80,313 
31,236 
24,159 
28,715 
28,859 
28,530 


Second-feet 


Depth  i£ 


I 


0.10 

.11 
.11 

.32 

.33 

.35 

.11 

.11 

.09 

.10 

.11 

.10 


I 


529,394 


16  1 


0.13 

11 
13 

13 
12 

1ft 

le 

12 
IS 

21 


BLACKSMITH  FORK  AT  HYRUM,  UTAH. 

Six  irrigation  canals  and  one  large  power  canal  are  supplied  by  this 
river,  and  during  the  irrigation  season  the  entire  supply  is  utilized. 
The  present  gaging  station  was  established  July  19,  1900,  by  <leor^ 
L.  Swendsen.  It  is  near  the  toUgate  at  the  mouth  of  the  canvon. 
Daily  readings  are  made  on  a  vertical  gage.  The  bench  mark,  a  lint- 
of  red  paint  on  the  top  of  a  short  cedar  post  near  the  north  post  of  the 
tollgate,  is  8.29  feet  above  gage  datum. 
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Discharge  measurements  of  Blacksmith  Fork  at  Hyrum,  Utah. 


Date. 


1902. 

Jannary  27 

February  24 

March  17 

April  29 

May  19 

Jnne  23 

July  7 

August  4 

September  16 

October  13 

November  24 

December  21 


Hydrographer. 


George  L.  Swendsen 
do 


do 
do 
do 
do 
do 
do 
do 
do 
do 
do 


Oage 
heiffbt. 

Discharge. 

Feet. 

Second-feet. 

2.80 

112 

2.90 

114 

2.92 

113 

3. 05 

129 

3.28 

176 

3.05 

130 

2.99 

130 

2.90 

115 

2.78 

103 

2.85 

119 

2.80 

108 

2.78 

102 

Daily  gage  height,  in  feet,  of  Blacksmith  Fork  at  Hyrum,  Utah. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1902. 
1                

2.80 
2.80 
2.92 
2.92 
2.92 
2.92 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
'2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 

2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.80 
2.90 
2.90 
2.90 
2.90 
2.80 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 

3.06 
•3.05 
3.06 
3.05 
3.05 
3.05 
3.06 
3.06 
3.05 
3.05 
3.05 
8.05 
3.05 
3.05 
8.06 
3.05 
2.90 

8.00 
3.00 
3.00 
3.00 
3.00 
3.06 
3.06 
3.06 
3.06 
3.05 
3.06 
3.05 
3.06 
3.00 
3.00 
3.00 
2.90 

3.80 
8.80 
3.80 

aao 

8.80 

&do 

8.80 
3.80 
3.80 
8.80 
3.80 
2.90 
2.90 
2.90 
3.20 
a20 
3.10 
3.10 
3.10 
3.00 
3.00 
3.00 
8.00 
2.90 
2.90 
2.90 
2.80 
2.80 
2.80 
2.80 

2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 

2.90 
2.90 
2.90 
2.90 
2.85 
2.86 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 

2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.86 
2.86 
2.85 
2.85 
2.85 
2.85 
2.86 
2.85 
2.85 
2.85 
2.86 
2.85 
2.85 
2.85 

2.86 
2.86 
2.85 
2.90 
2.90 
2.90 
2.90 
2.90 
2.05 
2.95 
2.95 
2.96 
2.95 
2.05 

2.90 
2.90 
2.86 
2.86 
2.86 
2.86 
2.85 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 

2.90 

2        

2.90 

3      

2.90 

4               

2.90 

.*> 

c         

2.02 
2.92 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.90 
2.80 
2.80 
2..80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 

2.90 
2.90 

7 

2.90 

8 

2.90 

9       

2.90 

10        

2.90 

11               

2.90 

12                 

2.90 

m 

14              

2.90 
2.90 

1ft            

2.90    2.06 

2.90 

16        

2.95 
2.90 
2.90 
2.90 
2.90 
2.90 
2.91 
2.90 
2.90 
2.95 
2.95 
2.96 
2.95 
2.90 
2.90 
2.90 

2.96 
2.95 
2.96 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.85 
2.85 
2.86 
2.86 
2.86 
2.90 

2.90 

17       

2.90 

18             

2.90     2.90 

2.90 

19             

2.90 

2.90 

2.90 

20 

2.90 
2.90 
2.90 
2.90 

2.90 
2.90 
2.90 
2.90 

2.90 

21 

22          

2.90 
2.90 

23            

2.90 

24     

2.90     3.00 

2.90 

S             

3.00 

3.00 

2.80 

2.80 

2.90 

26      

8.00 
3.00 
3.00 
3.00 
8.00 

3.00 
3.00 
3.00 
3.00 
3.00 
3.00 

2.80    2.80 

2.90 

27 

28       

2.90 
2.90 
2.90 
2.90 
2.90 

2.80 
2.80 
2.80 
2.80 
2.80 

2.90 
2.90 

2« 

30 

31       

2.90 
2.90 
2.90 
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Rating  table  for  Blacksmith  Fork  at  Hyrum,  Utah,  for  190S 


Gacre 
height. 

Discharge. 

Feet. 

Second-feet. 

2.60 

100 

2.65 

102 

2.70 

104 

2.75 

106 

2.80 

108 

2.a5 

110 

2.90 

112 

heiijHit. 


S^rc^tnd'frrt. 
374 


401 
43d 
457 
485 
514 


Estimated  monthly  discharge  of  Bla>cksmith  Fork  at  Hyrum^  Utah, 

[Drainage  area,  286  aqnare  miles.] 


Month. 


1902. 

January  

February 

March 

April 

May  - _ 

June 

July 

August 

September 

October _ 

November 

December 

The  year 


Discharge  in  second-feet. 


Maximum. 


112 
112 
112 
124 
124 
192 
1U3 
112 
110 
116 
116 
112 

192 


Minimnm. 


108 
108 
108 
112 
112 
108 
108 
108 
108 
110 
110 
112 


Mean. 


109 
111 
112 
120 

119  [ 
146  I 
109  I 
109  I 
109  I 
118  I 
112  j 
112 


Total  in 
acre-feet. 


,  Seoond-feet  rfc-«»v  ™ 
'  per  SQuav^  :  ^^???  ™ 


ll 


6,702 
6,165 
6,887 
7,140 
7,317 
8,688 
6,702 
6,702 
6.486 
6,948 
6,664 
6,887 


1 

0.38 

1 

0.44 

.39 

1           •-*• 

.39 

.4.^ 

.42 

.4: 

.42 

.4.S 

.51 

.57 

.38 

.44 

.38  I 

.44 

.38  1 

.4i 

.40  I 

.4« 

.39  1 

.44 

.39  ' 

1 

.4*» 

108  I    115  ll   83,288 


.40 


5.48 


LOOAN  RIVER  NEAR  LOGAN,  UTAH. 

The  station  on  Logan  River  was  established  June  1,  1896,  and  is 
located  in  the  river  canyon  about  2  miles  east  of  Logan,  Utah.  One 
gage  is  a  vertical  iron  post,  set  firmly  in  the  middle  of  the  river's  bed 
and  graduated  to  feet  and  tenths.  A  second  gage  rod  is  a  wooden  post 
driven  into  the  ground  near  the  north  bank  of  the  river.  The  bench 
mark  for  both  rods  is  a  stone  35  feet  northeast  of  the  end  of  the  cable 
on  the  north  side  of  the  river,  and  is  at  an  elevation  of  14.01  feet 
above  gage  datum.     It  is  marked  by  a  cross  chiseled  on  the  rock  and 
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by  the  lettere  "  B.  M."  in  red  paint.  The  equipment  consists  of  a  cable 
and  car.  Owing  to  a  washout  regular  daily  gage  records  were  not 
taken  during  1902. 

Discharge  measurements  of  Logan  River  ?iear  Logan,  Utah, 


Date. 


1902. 

January  27 

February  22 

March  8 

April  17 

April  26 

May  17. 

June  13 

June  27 

Julys 

Aug^ust  12 

September  16 

October  13 

November  24 

December  23 


Hydrographer. 


G.  L.Swendsen 
do 


.do 
.do 
.do 
.do 
do 
.do 
.do 
.do 
.do 
do 
do 
do 


Gage 
height. 


Feet. 
1.45 
1.60 
1.60 
1.70 
1.80 
3.50 
4.37 
3.60 
2.90 
2.82 
2.80 
2.72 
2.65 
2.67 


Dicharge. 

Sectmd-feet. 
103 
124 
107 
153 
163 
588 
1,056 
598 
284 
198 
191 
178 
171 
165 


WKBER  RIVER  NEAR  UINTA,  UTAH. 

The  paging  station  on  Weber  River,  established  in  October,  1899,  is 
located  in  the  canyon  5  miles  east  of  Uinta,  on  the  Union  Pacific  Rail- 
road, immediately  above  the  narrows  known  as  Devils  Gate.  The 
gage  is  vertical,  and  is  supported  from  above  by  a  projecting  timber 
I)laced  out  of  reach  of  high  water.  The  bench  mark  consists  of  a 
spike  driven  into  the  first  telegraph  pole  in  the  canyon  above  the  gage, 
and  is  at  an  elevation  of  17.44  feet  above  gage  datum.  The  equip- 
ment consists  of  a  cable,  car,  and  tagged  wire. 

Discharge  m^easurements  of  Weber  River  near  Uinta,  Utah. 


Date. 


1902. 

January  20 

February  10 

April  12 

May  12 

September  22 

October  20 

December  28 


Hydrographer. 


G.  L.Swendsen 
do 


do 
do 
do 
do 
do 


Oage 
height. 

Discharge. 

Feet. 

Second- feet. 

1.48 

113 

1.30 

121 

1.52 

166 

1.75 

339 

1.22 

79 

1.40 

162 

1.35 

112 
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PROVO  RIVER  NEAR  PROVO,  UTAH. 

The  gaging  station  on  Provo  River,  established  July  27,  1889,  is 
located  in  the  canyon,  about  6  miles  from  Provo  and  above  the  head 
of  most  of  the  irrigation  canals  of  Utah  Valley.  The  diversion  works 
of  the  company  which  develop  power  at  the  mouth  of  I^rovo  Canyon 
for  electric  transmission  to  the  mines  west  of  Provo,  are  located  abonl 
5  miles  above  the  station.  The  gage  is  inclined  and  fastened  to  stakes 
set  in  the  ground.  The  bench  mark  is  a  stone  firmly  bedded  in  the 
bank  near  the  wagon  road,  about  100  feet  southwest  of  the  j;age.  It 
is  marked  ^'B.  M."  in  black  paint,  and  is  6.95  feet  above  gage  datum. 
The  channel  is  straight  for  some  distance  above  and  below  the  station. 
The  bed  of  the  river  is  gravel  and  not  liable  to  change.  The  equip- 
ment consists  of  a  cable,  car,  and  tagged  wire. 

Discharge  measurements  of  Provo  River  near  Provo,  Utah. 


Date. 


1902. 


January  26 


Hydro^rapher. 


G.  L.  Swendsen. 


March  10 ' do 

April  14 1 do 

May  5 .J do 

Jtdy  26 ' do 

September  20 _ ' do 

November  17 i do 

December  27 _    do 


1  I>iacl)arge. 

Feet. 

Secomd'feti. 

4.00 

2(K 

4.35 

sao 

4.50 

395 

4.60 

414 

4.10 

203 

4.00 

172 

3.95 

165 

4.00 

171? 

SEVIER  RIVER  NEAR  GUNNISON,  UTAH. 

The  station,  established  by  Caleb  Tanner  on  June  29, 1900,  Is  at  the 
bridge  which  crosses  the  stream  4  miles  west  of  the  town  of  Gunnison. 
The  gage,  which  is  vertical,  is  nailed  to  one  of  the  bridge  piles.  The 
bench  mark  consists  of  a  post  at  the  southeast  comer  of  the  bridge^ 
marked,  in  pencil,  "U.  S.  G.  S.  gage  B.  M.,"  and  its  elevation  is  13.23 
feet  above  gage  datum.  During  1902  the  following  measurements 
were  made  by  Caleb  Tanner: 

May  18:  Gage  height,  0.88  foot;  discharge,  41  second-feet. 
August  15:  Gage  height,  0.62  foot;  discharge,  19  second-feet. 
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Daily  gctge  height,  in  feet,  of  Sevier  River,  near  Gunnison,  Utah. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

iwe. 
1 

2.00 
2.05 
2.10 
2.10 
2.10 
2.10 
2.05 
2.10 
2.10 
2.15 
2.10 
2.10 
2.10 
2.10 
2.10 
2.05 
2.05 
2.02 
2.00 
2.00 
2.00 
2.02 
1.92 
1.92 
1.92 

(«) 
(«) 
(") 
(°) 
(«) 
(«) 

1.82 
1.82 
2.00 
2.02 
2.27 
2.30 
2.42 
2.42 
2.87 
2.87 
2.45 
2.40 
2.40 
2.37 
2.00 
2.00 
1.97 
1.90 
1.85 
1.82 
1.77 
1.70 
1.62 
1.62 
1.60 

i.eo 

1.55 

1.50 
1.50 
1.62 
1.45 
1.40 
1.40 
1.40 
1.40 
1.10 
1.10 
1.10 
1.10 
1.02 
1.02 
1.02 
1.05 
1.20 
1.15 
1.12 
1.26 
1.22 
1.22 
1.22 
1.12 
1.22 
1.25 
1.25 
1.55 
1.55 
1.52 
1.46 

1.82 
1.32 
l.CO 
1.30 
1.30 
1.32 
1.32 
1.32 
1.32 
1.35 
1.35 
1.35 
1.25 
1.20 
1.20 
1.15 
1.15 
1.12 
1.15 
1.22 
1.20 
1.20 
1.15 
1.10 
1.15 
1.05 
.70 
.47 
.42 
.42 

0.42 
.42 
.42 
.42 
.42 
.45 
.55 
.55 
.56 
.60 
.70 
.80 
.80 
.97 
.97 
1.10 
1.00 
.90 
.80 
.70 
.65 
.55 
.50 
.50 
.47 
.50 
.60 
.42 
.52 
.50 
.50 

0.50 
.55 
.60 
.60 
.50 
.42 
.42 
.42 
.42 
.40 
.40 
.40 
.40 
.40 
.42 
.50 
.65 
.65 
.70 
.70 
.70 
.67 
.62 
.62 
.62 
.60 
.60 
.60 
.80 
.80 

0.80 
.80 
.60 
.60 
.60 
.67 
.60 
.60 
.60 
.60 
.50 
.60 
.50 
.50 
.50 
.50 
.62 
.52 
.60 
.57 
.57 
.55 
.52 
.52 
.50 
.50 
.60 
.50 
.50 
.50 
.52 

0.62 
.52 
.62 
.57 
.57 
.67 
.67 
.02 
.62 
.62 
.62 
.62 
.62 
.62 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
•60 
.60 
.60 
.60 
.60 
.60 
.60 

0.60 
.60 
.62 
.60 
.60 
.60 
.60 
.62 
.62 
.62 
.62 
.62 
.62 
.62 
.62 
.62 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.57 
.57 
.60 
.00 
.57 
.67 

0.55 

2 

.50 

3 

.50 

4 

.50 

5 

47 

6 

.47 

1 , 

.45 

8 

.45 

9 

.46 

10 

45 

11 

.45 

12 

.45 

13 

.45 

14 

.50 

15 

.50 

16 

.50 

17 

18 

.60 

.60 

19 

.50 

20 

.50 

21 

.47 

22 

.47 

23 

.47 

24 

.45 

26 

.45 

26 

.45 

27 

.45 

28 

45 

29 

45 

30 

.45 

31 

.45 

Nov. 


0.40 
.35 
.35 
.35 
.35 
.35 
.35 
.% 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.37 
.35 
.35 
.35 
.35 
.60 
.60 
.50 
.90 
.90 
.75 
.80 
.85 
.97 
.97 


Dec. 


0.95 
.96 
1.05 
1.06 
1.00 
1.00 
1.60 
1.70 
1.70 
1.55 
1.60 
1.60 
1.55 
1.60 
1.65 
1.66 
1.60 
1.60 
1.70 
1.70 
1.65 
1.65 
1.70 
1,70 
1.66 
(«) 
(«) 
(«) 
(«) 
(°) 
(«) 


o  Frozen. 


Hating  table  for  Sevier  River  near  Gunnison,  Utah,  for  1902. 


Gage 

Discharge.  | 

t 

1 

Gage 
height. 

Discharge. 

1 

1  height. 

1 

Discharge. 

1 

'     Gage 
1  height. 

Feet. 

1 

Secondrfeet: 

Feei. 

Second-feet. 

Feet. 

Second-feet. 

1 

Feet. 

0.4 

6 

1.1 

59 

1.8 

129 

2.5 

.5 

11 

1.2 

69 

1.9 

139 

2.6 

.6 

17 

1.3 

79 

'       2.0 

149 

2.7 

1        .7 

25 

1.4 

89 

'       2.1 

159 

2.8 

.8 

83     ! 

1.5 

99 

2.2 

169 

2.9 

1 

.  .9 

41     1 

1.6 

109 

2.3 

179    1 

1 

1.0 

49     1 

1.7 

119 

2.4 

i 

189     ' 

1 
1 

-i 
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Estimated  monthly  discharge  at  Sevier  River  near  Gunnison,  UtcUu 

[Drainage  area,  8,906  square  milea.] 


Month. 


1903. 

January 

February 

March 

April 

May 

Jnne 

Jtdy  _._. 

August 

September 

October 

November 

December 

The  year 


Diflcfaarge  in  second-feet. 


Maximum. 


194 


Minimum. 


164 

139 

194 

104 

104 

51 

84 

7 

59 

7 

33 

6 

33 

11 

23 

12 

19 

15 

14 

8 

46 

5 

119 

45 

Mean. 


151 

149 

76 

65 

20 

15 

14 

17 

17 

9 

14 

100 


54 


Total  in  acre- 
feet. 


Bun-off. 


9,2a5 

8, 275 

4,673 

3,868 

1,230 

893 

861 

1,045 

1,012 

553 

833 

6,149 


38,677 


?2S*l^"£^*,I>epthin 


^",sr"t  -^*- 


0.038 
.037 
.019 
.017 
.005  I 
.004 
.004 
.004 
.004 
.002 
.004 
.025 


014 


.019 

Am 

.029 


.1.S2 


Investigations  in  relation  to  the  amount  of  seepage  in  tits  Sevier  River  Basin 
between  Panguitch  and  the  Sevier  Bridge  between  Scipio  and  Juab, 

WATER  ENTERING  THE  DIPPERENT  VALLEYt. 


Date. 

LocaUty. 

1 

1902. 
AufiTiist  9 

Panguitch  Valley 

Junction  Valley 

t 

Total 

Sevier  River 

46.  e 

August  10-11... 

do 

East  Fork  of  Sevier  River.. 
City  Creek 

27.0 
16..? 

4.0 

47.2 

Between  Junction  and 
Marys  vale. 

Total 

Sevier  River. 

August  11 

10.7 

Tenmile  Creek 

l.f' 

Cottonwood  Creek 

8.' 

Cottonwood  Wash  Spring- . 

'  2.0 

1  1  .  M 
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Investigations  in  relation  to  tlie  amount  of  seepage  in  the  Sevier  River  Basin 
between  Panguitch  and  the  Sevier  Bridge  between  Scipio  and  Jtuab — Cont*d. 

WATER  ENTERDTG  THE  DIFFERENT  VALLEYS -Continued. 


Date. 

LocaUty. 

Sonrce. 

Quantity. 

1902. 
Angnflt  11-13.  _. 

Mary8vale  Valley 

Total -.-- 

Sevier  River 

Bnllinn  Creek 

Second-feet. 
38.0 
12.5 

Beaver  Creek . .  

2.5 
53.0 

August  13-14... 

Sevier  Valley  to  Rocky 
Ford. 

Total 

Sevier  River 

47.5 

Clear  Creek 

7.3 

Monroe  Creek  _ 

3.9 

Thompsons  Creek 

.2 

Redbutte  and  Cottonwood 
creeks. 

Water  Canyon  Creek 

Spring  Creek 

.3 

.3 
5.3 

Cove  Creek _ 

9.5 

Cedar  Ridge  Creek 

.5 

74.8 

Rocky   Ford  to  Red- 
mond Ford. 

Total 

Sevier  River ._ 

A  Tl  (TTiafcl  ii— 1 5 

1.5 

Rocky  Ford  canal 

35.0 

Lost  Creek 

.7 

Salina  Creek 

7.8 

45.0 

RedmondFord  to  West- 
view  Bridge. 

Total 

Sevier  River. 

Angnst  15-16... 

15.5 

V 

Westview  canal 

4.2 

WiUowCreek _. 

Sanpitch  River 

.5 
15.2 

35.4 

Westview    Bridge    to 
McArty's  Ford. 

Total 

Sevier  River 

Dover  canal 

Do 

18.7 

10.7 

Warm  Creek 

2.7 

32.1 

McArty  *8  Ford  to  Sevier 
Bridge. 

Sevier  River 

August  16 

22.0 
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Investigations  in  relation  to  the  amount  of  seepage  in  the  Sevier  River  Bofin 
bettueeii  Panguitch  and  the  Sevier  Bridge  hettoeen  Scipio  and  Juab — Cont'd. 

AMOUNT  OP  WATER  DIVERTED  FOR  IRRIGATION  IN  THE  DIPPEBENT  VALLEYS 


Date. 

Locality. 

Canal  or  ditch. 

Qnantitf. 

1902. 

Seetmdfttt 

August  9 

Pangnitch  Valley.  _ 

East   Panguitch    Irrigation    Co. 
canal. 

11.9 

Long  Canal  Co.  canal 

16.6 

East  Bench  Co.  canal 

3.8 

Panguitch  Creek 

13.6 

Little  Creek 

.3 

McEwan  ditch 

6.0 

Houston  ditch 

5.0 

Tibb's  ditch.  1 

.3 

Orton's  ditch 

1.9 

Peterson  ditch 

9  9 

Walley  ditch 

4.3 

Totsa 

Vaetor  ditch 

Dry. 

Kessler  ditch 

2.1 

Johnson  ditch 

Drv. 

68.  (» 

August  10-11. 

Jtmctioii  Valley 

Miscellaneous  canals 

^.: 

Junction  Canal  Co.  upper  ditch  .  - 

5.0 

Junction  Canal  Co.  middle  ditch  . 

4.4 

Junction  Canal  Co.  lower  ditch  . . 

4.5 

Total 

Private  ditch _ 

1.3 

53.  s 

Anfimst  11 

Between  Junction 
and  Marysvale. 

Not  given 

6.5 

Angnst  11-13- 

Marysvale  Valley. . 

Sevier   Valley    to 
Rocky  Ford. 

do _ 

1.').0 

Augnst  13-14- 

Clear  Creek  irrigation  canal 

Joseph  City  irrigation  canal 

1.:^ 
3.V) 

Wells  irrigation  canal 

2,3S 

Isaacson  irrigation  canal _ . 

3.l6 

Monroe  irrigation  canal 

7.2.1 

« 

Elsinore  irrigation  canal 

2.:r» 

Brooklin  irrigation  canal 

5.50 

Richfield  irrigation  canal .  _ 

17.  rio 

Anabella  irrigation  canal 

11.1!? 

Candor  irrigation  canal _  _ 

.w 

Total 

Vermilion  irrigation  canal 

9.(M 

64.36 
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IniyestigiUions  in  relation  to  the  amount  of  seepage  in  the  Seiner  River  Basin 
bettaeen  Panguitch  and  the  Sevier  Bridge  bettreen  Seipio  and  Juab—ConVd, 

AMOUNT  OP  WATER  DIVERTED  FOR  IRRIGATION  IN  THE  DIFPERENT 

VALLEYS— Oontinaed. 


Date. 

Locality. 

Canal  or  ditch. 

Quantity. 

1902. 
AuKnst  14-15.  _. 

Rocky  Ford   to  Red- 
mond Ford. 

Redmond  Ford  to  West- 
view  Bridge. 

Total  - 

Not  given _  _ .   .  . 

Second-feet. 
43.5 

Bobbins  canal 

AnflnuBt  15-16- _. 

8.14 

Westview  canal _ 

4.20 

Other  canals 

15.70 

28.04 

Westview    Bridge    to 
McArty's  Ford. 

McArty's  Ford  to  Se- 
vier Bridge. 

Not  given 

18.4 

Jjo 

Angast  16 _ 

None. 

AMOUNT  OF  WATER  LEAVING  THE  DIFFERENT  VALLEYS. 


Date. 


1902. 
Ang^ast  10. 
Aagnst  11. 
Do..-. 


Angnst  18. 
Angost  14. 


Locality. 


Angnst  15. 


Do 


Do... 

Angnst  16 
Do  . .  _ 


Pangnitch  Valley 

Jnnction  Valley 

Between  Jnnction  and 
Marysvale. 

Marysvale  Valley 


Name  of  rirer  or  canal. 


Sevier  River 

do. 

do 


Quantity 
second-fee  t. 


Sevier  Valley  to  Rocky 
Ford. 


Total 


.do 
-do 


Rocky  Ford  and  Willow 
Bend  canal. 


Rocky  Ford    to  Red- 
mond Ford. 


Total 


Sevier  River 

West  View  canal 


Redmond  Ford  to  West- 
view  Bridge. 


Total 


30.7 
10.7 
38.0 

47.5 

1.5 
35.0 


36.5 

15.5 
4.2 


Sevier  River 
Dover  canal  _ 


ige 
:d. 


Westview    Bridge    to     Sevier  River 
McArty's  Fon 


McArty's  Ford  to  Se- 
vier Bridge. 

Pangnitch    to    Sevier 
Bridge. 


do 
do 


19.7 


18.7 
10.7 


29.4 
22.0 

18.5 

18.5 
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Investigations  in  relation  to  the  amount  of  seepage  in  the  Sevier  River  Basin 
between  Panguitch  and  the  Sevier  Bridge  between  Scipio  and  Juab — Cont'd. 


Date. 


1903. 
August  &-10.. 
August  10-11. 
August  11 

August  11-13. 
August  13-14. 

August  14-15. 

August  15-16. 

Do 


Locality. 


August  16... 
August  8-16. 


Pangujtch  Valley-  _ . 

Junction  Valley 

Between    Junction 
I      and  Mary 8 vale. 

'  Marys  vale  Valley.  _ . 

'  Sevier     Valley     to 
I      Rocky  Ford. 

;  Rocky  Ford  to  Red- 
1      mond  Ford. 

'  Redmond    Ford  to 
I      Westview  Bridge. 

Westview     Bridge 
I      to  McArty's  Ford. 

McArty's  Ford    to 
Sevier  Bridge. 

Panguitch  to  Sevier 
Bridge. 


Enter- 
ing 
valley. 


Sec.-ft. 
46.2 
47.2 
17.2 

53.0 

74.8 

45.0 
35.4 
82.1 
22.0 
142.1 


Quantity  of  water. 


I  Leaving '  c-^na-p 

tion.     I  v»"oy-    ,  for  irri- 
I  gation. 


15.0 
64.36 

43.5 


19.7       63.2 


0.0 


292.6 


18.5  I     18.5 


18.5     311.1 


Sec.'/t.  Sec.-/i.  Sec.-ft.  j   Srt-.fl. 

68.0  1  30.7  !     98.7  ,      52.5 

53.8  !  10.7  '     64,5  17.3 

6.5  I  38.0  '     44.5  27.3 


47.5  ,     62.5  9.5 

36.5     100.86         36.Ci6 


IS.  3 


28.04         29.4  I     57.44        tlM 

T 

13.4    I      22.0  1    35.40  3.:3 


3.5 


1C9.0 


SAN  PITCH  RIVER  NEAR  GUNNISON,  UTAH. 

The  station,  established  by  Caleb  Tanner  on  June  30,  1900,  is  4 
miles  northeast  of  the  town  of  Gunnison,  at  the  ranch  of  the  observer. 
J.  P.  Jensen.  The  gage  consists  of  a  vertical  post  driven  firmly  into 
the  bed  of  the  stream  and  strongly  braced.  The  bench  mark  is  the 
top  of  a  cedar  post  1  foot  in  diameter,  set  firmly  in  the  ground,  4*) 
feet  west  of  the  gage  rod.  Its  elevation  is  5.96  feet  above  gage  datum. 
During  1002  the  following  measurements  were  made  by  Caleb  Tanner: 

May  17:  Gage  height,  2.28  feet:  discharge,  81  second-feet. 
Angust  16:  Gage  height,  1.79  feet;  discharge,  15  second-feet. 
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Daily  gage  height,  in  feet,  of  San  Pitch  River  near  Ounni8on,  Utah. 


Day. 


Jan. 


1. 

2. 

3. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 


17 

18 

19 

30 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30.... 
31 


1902. 


1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 


Feb.  Mar.  Apr. 


1.74 
1.74 
1.74 
1.74 
1.74 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1  74 


1.74  ' 

1.80 

1.74 

1.80 

1.76 

* 

1.80 

1.76 

1.80 

1.76 

1.80 

1.76 

1.76 

1.76 

1.70 

1.76 

1.90 

1.76 

1.87 

1.76 

1  85 

1.76 

1.80 

1.76 

1.90 

1.76 

1.90 

1.76 

1.90 

1.76 

1.90 

1.76 

1.90 

1.76 

i.9r 

1.76 

2.00 

1.76 

2.20 

1.76 

2.10 

1.78 

2.20 

1.76 

2.10 

1.76 

2.00 

1.76 

2.20 

1.76 

2.20 

1.76 

2.30 

1.76 

2.90 

1.76 

2.30 

1.76 

2.30 

1.76 

2.40 

1.76 

May. 

June. 

July. 

2.40 

2.30 

2.00 

2.60 

2.30 

208 

2.60 

2.20 

2.00 

2.50 

2.20 

2.00 

2.70 

2.20 

2.00 

2.70 

2.20 

2.00 

2.70 

2.20 

2.00 

2.66 

2.20 

2.00 

2.60 

2.10 

2.00 

2.65 

2.10 

2.00 

2.70 

2.20 

2.00 

2.75 

2.20 

2.00 

2.70 

2.10 

2.00 

2.80 

2.10 

2.00 

2.40 

2.10 

2.00 

2.40 

2.15 

2.00 

2.30 

2.15 

2.00 

2.80 

2.15 

2.10 

2.30 

2.10 

2.10 

2.20 

2.10 

2.10 

2.20 

2.00 

2.00 

2.10 

2.20 

2.00 

2.10 

2.10 

2.00 

2.20 

2.12 

1.90 

2.20 

2.00 

1.90 

2.30 

2.00 

1.80 

2.30 

2.00 

1.76 

2.40 

2.10 

1.70 

2.30 

2.10 

1.70 

2.30 

2.10 

1.70 

2.30 

1.70 

1.70 
1.70 
1.70 
1.70 
1.70 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.75 
1.80 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.75 


1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.85 
1.85 
1.80 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 


1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1,75 
1.75 
1.75 
1.75 
1.77 
1.77 
1.77 
1.77 

i.n 

1.77 


1.77 
1.77 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 


l^rOC. 


1.70 
1.70 
1.80 
1.80 
1.80 
1.75 
1.76 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.66 
1.66 
1.65 
1.65 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 


Rating  table  for  San  Pitch  River  near  Ounnison,  Utah,  for  1002. 


?J^t.     I>i««^'-ge. 


Feet. 
1.70 

1.72 

1.74 

1.76 

1.78 

1.80 

1.82 

1.84 

1.86 

1.88 

1.90 


?J^t.  I  Discharge.  I   ^^^^    '  Discharge. 


Gage 
height. 


Second-feet. 

Feet. 

Second-feet 

10 

1     1.92 

27 

11 

1.94 

80 

12 

'     1.96 

32 

13 

'     1.98 

34 

14 

2.00 

37 

15 

2.02 

40 

17 

2.04 

43 

10 

2.06 

45 

21 

2.08 

48 

23 

2.10 

51 

25 

2.12 

1 

54 

Feet. 
2.14 

2.16 

2.18 

2.20 

2.22 

2.24 

2.26 

2.28 

2.30 

2.32 

2.34 


Second-feet. 
57 

59 

62 

65 

68 

71 

74 

77 

80 

83 

86 


Feet. 
2.36 

2.38 

2. 40 

2.42 

2.44 

2.46 

2.48 

2.50 


Discharge. 

Second-feet. 
89 

92 

95 

98 

101 

104 

107 

110 


96 


STBKAM   M£ASUB£MEKTS   IN   1902,  PABT   IV. 


[so.  jBl 


Estimated  monthly  discharge  of  San  Pitch  River  near  Ounnison,  Utah, 

[Drainage  area,  896  square  milea.] 


Discharge  in  second-feet. 


Month. 


1903. 

January  

February  _.. 

March 

April 

May 

Jtme 

July 

Augnst 

September  .. 

October 

November  .. 
December . . . 


Maximum.  .  MiTiimnm   I    Mean. 


The  year 


18 
13 
13 
95 
155 
80 
51 
15 
21 
15 
15 
15 

155 


12 
12 
12 
10 
51 
37 
10 
10 
18 
13 
10 


18 
18 
13 
40 
101 
54 
38 
14 
14 
13 
10 
10 


27 


Hun-off. 


19,855 


Total  in 
acre-feet. 

Second-feet 
per  aqusre 

Depth  IL 

iiirh«R. 

799 

1 

1 

0.02 

U.ft 

722 

.02 

.o-i 

799 

.02 

.03 

2,380 

.05 

.06 

6,210 

1       •'' 

.14 

8,213 

.06 

.o: 

2,029 

.04 

M 

861 

.02 

.02 

833 

1             -^ 

.0* 

799 

.02 

.02 

595 

.01 

.01 

615 

1              .01 

.01 

03 


.46 


HUMBOLDT  RIVER  NEAR  ORKANA,  NEV. 

On  the  lower  reaches  of  this  river  measurements  have  been  made 
for  a  number  of  years  near  Oreana,  and  the  results  show  the  amount 
of  water  available  for  storage  at  the  possible  reservoir  sites  in  the 
vicinity  of  Humboldt  station,  and  also  for  the  six  canal  systems  now 
in  operation  below  Oreana.  The  station  established  by  L.  H.  Taylor, 
January  27, 189G,  was  located  at  the  old  Oreana  highway  bridge,  aboat 
12  miles  northeast  of  Lovelocks,  Nev.  The  bridge  abutment  to  which 
the  gage  was  fastened  was  undermined  and  fell  May  26, 1897.  A  tem- 
porary gage  was  used  until  September  8,  1897,  when  a  new  inclineti 
one  was  placed  on  the  left  bank  of  the  river  about  a  mile  and  a  half 
above  the  sight  of  the  old  gage  and  opposite  the  C.  P.  Railroad  section 
house. 

This  gage  was  washed  out  and  a  new  vertical  gage,  in  two  parts, 
was  placed  November  29,  1902,  by  E.  C.  Murphy.  The  $rage  va^ 
spiked  to  piles  at  the  site  of  the  old  dam,  the  zero  of  the  old  and  nev 
gages  coinciding.  The  bench  mark  is  four  nails  driven  into  piles  tf 
which  the  upper  part  of  the  gage  is  fastened.  Its  elevation  is  5  fee- 
above  the  zero  of  gage.  The  channel  here  is  straight  for  about  5»-* 
feet  above  the  gage  and  for  about  150  feet  below.  The  station  is  pro- 
vided with  a  cable  and  car.  The  river  banks  are  high  and  not  liable 
to  overflow.  The  bed  of  the  stream  is  sandy  and  shifting.  Thf 
observer  is  G.  A.  Sapp. 
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During  1902  the  following  discharge  measurements  were  made  by 
E.  C.  Murphy  and  D.  W.  Hays: 

July  23:  Gage  height,  1.75  feet;  discharge,  251  second-feet. 
October  17:  Gage  height,  0.17  foot;  discharge,  22  second-feet. 

Daily  gage  height,  in  feet,  of  Humboldt  River  near  Oreana,  Nev, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

1.00 
1.80 
1.60 
1.70 

.July. 

2.20 
2.00 
1.90 
1.90 

Aug. 

1.30 
1.30 
1.30 
1.30 

Sept. 

Oct. 

Nov. 

Dec 

19Q2. 
1 

0.70 
.70 
.70 
.80 

0.80 
.90 
.90 

1.00 

0.90 
.80 
.80 
.90 

1.10 
1.10 
1.20 
1.20 

1.00 

1.00 

1.00 

.90 

0.20 
.10 
.10 
.10 

0.50 
.50 
.60 
.60 

0.40 
.40 
.40 
.40 

0.60 

2 

.40 

3 

.40 

4 

.50 

5 

.80 

1.00 

1.00 

1.20 

.70 

1.80 

2.10 

1.20 

.20 

.00 

.80 

.60 

6 

.80 

1.20 

1.00 

1.20 

.00 

1.60 

2.20 

1.20 

.30 

.60 

.80 

.40 

7... 

.90 

1.80 

.90 

1.20 

.40 

1.60 

2.40 

1.10 

.30 

.40 

30 

(«) 

8 

.90 

1.80 

1.00 

1.20 

.40 

1.50 

2.60 

1.10 

.30 

.30 

.30 

(«) 

9... 

1.00 

l.flO 

1.00 

1.10 

.50 

1.40 

2.70 

l.OO 

.40 

.30 

(«) 

(«) 

10 

1.00 

1.40 

.90 

1.10 

.00 

1.10 

2.50 

.90 

.40 

.30 

(") 

(°) 

11 ... 

1.10 

1.40 

1.00 

1.00 

.00 

.80 

2.30 

1.00 

.60 

.20 

(°) 

(«) 

12... 

1.10 

1.20 

1.00 

1.00 

.50 

.60 

2.20 

1.00 

.60 

.30 

(«) 

(«) 

13 

1.30 

1.20 

1.00 

1.00 

.60 

.60 

2.20 

.90 

.60 

.30 

(«) 

(«) 

U 

1.20 

1.00 

1.00 

1.00 

.70 

.50 

2.10 

.80 

.60 

.40 

(«) 

.20 

16 

1.00 

.90 

1.00 

1.20 

.70 

.50 

2.10 

.80 

.60 

.40 

(«) 

.20 

16 

1.00 

.90 

1.00 

1.20 

.70 

.50 

2.00 

.70 

.40 

.80 

.20 

.20 

17 

.90 

.80 

1.00 

1.20 

.00 

.60 

2.00 

.70 

.40 

.30 

.20 

.10 

l» 

.90 

.80 

1.00 

1.30 

.60 

.80  1  1.90 

.70 

.40 

.20 

.30 

.10 

19 

.90 

.80 

1.10 

1.30 

.50 

.80     1.80 

.80 

.50 

.20 

.30 

.20 

20 

1.00 

.70 

1.10 

1.30 

.50 

1.00     1.70 

.70 

.60 

.20 

.20 

.20 

21 

1.00 

.70 

1.10 

1.20 

.30 

1.80     1.90 

.70 

.50 

.30 

.20 

.20 

22 - 

1.20 

.00 

1.10 

1.10 

.30 

1.30     1.80 

.60 

.30 

.30 

.20 

.20 

23 

1.20 

.70 

1.10 

1.10 

.10 

1.50     1.80 

.60 

.30 

.20 

.20 

.10 

24 

1.30 

.70 

1.10 

1.00 

.10 

1.60     1.80 

.60 

.40 

.10 

.20 

.10 

25 

1.40 

.70 

1.20 

1.00 

.20 

1.70     1.70 

.60 

.40 

.10 

.30 

.20 

26 

1.40 

.80 

1.20 

1.00 

.30 

1.60     1.70 

.50 

.30 

.10 

.30 

.30 

27 

1.10 

.90 

1.20 

1.00 

.50 

1.60     1.60 

.50 

.30 

.20 

.50 

.30 

28 

1.00 

.90 

1.10 

1.00 

.60 

1.70  '  1.40 

.50 

.40 

.30 

.50 

.30 

29 

,  1  00 

1.10 

1.00 

.70 

1.70  1  1.40 

.40 

.40 

.30 

.50 

.30 

30 

:    .90 

1.10 

.90 

.90 

2.00  !  1.40 

.40 

.50 

.40 

.50 

.80 

31 

.80 

1 

1.10 

1.00 

1.30 

.40 

.40 

.20 

Rating  table  for  Humboldt  River  near  Oreana,  Nev.^ 


.SS?t.   I  DJ-cl^nje. 


I 


heigut. 

reet. 
0.1 

.2 

.3 

.4 

.5 

.6 

.7 


Gaffe 
height. 


Diacharge.      ^ei^t.   !  Diflcharge. 


I 


Hecond^/eet. 
19 

24 

29 

35 

42 

50 

59 


0.8 
.9 
1.0 
1.1 
1.2 
1.3 
1.4 


Second-feet. 

69 
80 
92 
105 
119 
134 
150 


Feet. 
1.5 

1.6 

1.7 

1.8 

1.9 

2.0 

2.1 


Second-feet. 
168 

187 

207 

229 

252 

277 

304 


teiX.     ^^^rg^' 


heig: 


Feet. 
2.2 

2.3 

2.4 

2.5 

2.6 

2.7 


Second-feet. 
333 


364 
397 
432 
470 
511 


a  Only  two  gagings  were  made  at  this  station  during  1902  and  this  table  is  but  a];>proximate, 
being constrnctodnx>m  these  and  the  discharge  curve  for  the  year  1901. 
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8TBEAM  1CEASUBEMENT8   TS  1902,  PABT    IV. 


r5o.6SL 


Eftimated  monthly  discharge  of  Humboldt  River  near  Orearui,  A'er. 

[Drainage  area,  13,800  square  miles.] 


Month. 


1902. 

January 

February 

March 

April -. 

May - . . 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  secxmd-f  eet. 


MaxinniTn. 


150 

187 

119 

134 

92 

277 

511 

134 

50 

50 

42 

50 


511 


MlfilTnuin.      Mean 


59 
50 
69 
80 
19 
42 
134 
35 
19  ^ 
19  I 

24  > 

I 

19  i 


19 


94 

91 

96 

107 

52 

137 

276 

75 

35 

32 

30 

28 


88 


Bun-aff. 


Total  in     I 

acre-feet.     Seoond-feet 
per  aqua 
mue^ 


5,780 
5,054 
5,903 
6,367 
3,197 
8.152 
16,970 
4,612 
2,083 
1,968  I 
1,785  1 
1,722  I 


63,593 


0.007 
.007 
.007 
.008 
.004 
.010 
.020 
.005 
.003 
.002 
.002 
.002 


Depth  in 
inch»& 


.006 


.01! 
.(KV 


.Cw 


HUMBOLDT  RIVER  NEAR  GOLCONDA,  NEV. 

The  gaging  station  at  Golconda  is  located  near  the  great  northen 
bend  of  Humboldt  River  and  below  the  central  valley .  It  is  about  1- 
miles  above  the  mouth  of  Little  Humboldt  River.  The  station  wa? 
established  by  L.  H.  Taylor  October  24, 1894,  and  has  been  maintainetl 
continuously  since  that  time.  It  is  located  1^  miles  north  of  the  town. 
The  new  inclined  gage,  installed  November  28, 1902,  by  E.  C.  Murphy. 
is  fastened  to  the  left  bank  by  4  by  4  inch  stakes.  The  zeros  of  the  old 
and  new  gages  are  at  the  same  elevation.  The  bench  mark  is  a  4 
by  4  inch  timber  driven  4  feet  north  of  the  cable  post  on  the  left  bank, 
at  an  elevation  of  10.75  feet  above  the  zero  of  the  gage.  Measuiv- 
ments  are  made  from  a  cable  and  suspended  car.  The  banks  ai^ 
moderately  high,  but  liable  to  overflow  at  extreme  high  water.  The 
bed  of  the  stream  is  of  gravel  and  sand  and  is  somewhat  shifting. 

During  1902  the  following  discharge  measurements  were  made  bv 
E.  C.  Murphy  and  D.  W.  Hays: 

July  24:  Gkkge  height,  2.40  feet:  discharge,  218  second-feet. 
October  16:  Gage  height,  — 0.16  foot;  discharge,  1.2  second-feet. 
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Daily  gage  height^  in  feet,  of  Humboldt  River  near  Oolconda,  Nev, 


Day. 


1IM». 

1... 

2 _ 

3 

4... 

5 

6 

7 - 

8 

9 

10 - 

11 

12 - 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26. - 

27 - 

28 - 

29 

30 

31 


Jan. 

Feb. 

Mar. 

Apr. 
2.20 

May. 

Jane. 

July. 

1.10 

1.10 

1.70 

2.80 

8.15 

4.80 

1.05 

1.10 

1.70 

280 

2.75 

8.15 

4.20 

1.00 

1.15 

1.70 

2.20 

2.70 

8.20 

4.25 

1.00 

1.16 

1.80 

2.25 

2.70 

8.25 

4.20 

1.05 

1.80 

1.90 

2.90 

2.75 

8.80 

4.15 

1.00 

1.20 

2.00 

2.80 

2.75 

8.80 

4.10 

1.05 

1.15 

2.00 

2.80 

2.80 

8.35 

4.00 

1.10 

1.10 

1.90 

2.85 

2.90 

8.85 

8.90 

1.20 

1.10 

2.00 

2.85 

2.90 

8.40 

380 

i.ao 

1.10 

2.00 

2.80 

8.00 

340 

370 

1.40 

1.15 

2.10 

2.85 

3.10 

8.45 

360 

1.60 

1.20 

2.05 

2.40 

3.L5 

8  60 

3.60 

1.00 

1.20 

2.00 

2.60 

3.20 

355 

380 

1.00 

1  no 

2.10 

2.60 

8.20 

360 

320 

i.eo 

1.40 

1.90 

2.70 

315 

4.00 

310 

1.80 

1.60 

L90 

2.70 

3.15 

4.10 

2.95 

1.60 

1.50 

1.90 

2.60 

3.10 

4.15 

2.75 

1.40 

l.fiO 

1.90 

2.65 

8.20 

4.20 

2.70 

1.40 

I.AO 

2.00 

2.70 

8.20 

4.25 

2.70 

I.HO 

1.65 

2.00 

2.60 

8.15 

4.25 

2.60 

i.ao 

1.60 

2.10 

2.60 

8.15 

480 

2.65 

1.40 

i.eo 

2.10 

2.60 

8.20 

4.80 

2.60 

1.80 

1.60 

2.10 

2.70 

8.20 

4.85 

2.60 

1.20 

1.60 

2.10 

2.70 

8.15 

4.80 

2.40 

1.10 

1.65 

2.00 

2.60 

8.20 

4.85 

2.40 

1.10 

I.eo 

2.15 

2.60 

8.15 

4.80 

2.80 

1.16 

1.65 

2.00 

2.70 

8.20 

4.80 

2.20 

1.10 

1.70 

2.10 

2.75 

8.20 

4.85 

2.10 

1.10 

2.15 

2.75 

8.20 

4.80 

1.90 
1J80 

1.00 

2.10 

2.80 

8.15 

4.80 

1.00 

2.15 

3.16 

1.70 

Aug. 


1.60 

1.60 

1.40 

1.85 

1.80 

1.85 

1.40 

1.60 

1.40 

1.80 

1.20 

1.25 

1.20 

1.10 

1.00 

.00 

.80 

.70 

.60 

.60 

.40 

.30 

.10 

.20 

.25 

.80 

.35 

.40 

.60 

.55 

.60 


Sept. 

Oct. 

Nov. 

0.60 

0.40 

-0.10 

.60 

.80 

-  .10 

.40 

.20 

-  .15 

.85 

.20 

-  .16 

.40 

.15 

-  .20 

.40 

.10 

-  .15 

.60 

.05 

-  .10 

.40 

.00 

-  .10 

.80 

-  .05 

-  .10 

.20 

-  .10 

-  .15 

.10 

-  .20 

-  .10 

.20 

-  .10 

-  .10 

.80 

-  .10 

-  .10 

.25 

.00 

-  .10 

.10 

-  .10 

.00 

.00 

-  .20 

.00 

.00 

-  .10 

.10 

.00 

-  .20 

.10 

.00 

-  .20 

.15 

.90 

-  .20 

.15 

.90 

-  .15 

.10 

.80 

-  .15 

.10 

.70 

-  .10 

.10 

.60 

-  .10 

.10 

.65 

.00 

.15 

.70 

.10 

-  .10 

.75 

.15 

-  .15 

.60 

.20 

-  .20 

.60 

.15 

-  .10 

.40 

.10 
.00 

-  .10 

Dec. 


+0.10 
.00 
.00 
.00 

-  .10 

-  .10 

-  .10 
.00 
.00 
.10 
.10 
.15 
.16 
.15 
.10 
.10 
.00 
.10 
.10 
.10 
.10 
.20 
.80 
.80 
.40 
.40 
.60 
.60 
.00 
.70 
.80 


Hating  table  for  Humboldt  River  near  Oolconda,  Nev. ,  for  1902, 


heil^t. 


Feet. 
—0.2 

.0 

.2 

.4 

.6 

.8 

1.0 

1.2 

1.4 

1.6 

1.8 

2.0 


Discharge. 

Oage 
height. 

Second-feet. 

F^et. 

0.8 

2.2 

8.0 

2.4 

8.0 

2.6 

14.0 

2.8 

22.0 

8.0 

30.0 

8.2 

40.0 

8.4 

52.0 

3.6 

66.0 

8.8 

82.0 

4.0 

09.0 

4.2 

118.0 

4.4 

Discharge. 

Oage 
height. 

Second-feet. 

Feet. 

189 

4.6 

162 

4.8 

188 

5.0 

217 

5.2 

248 

5.4 

283 

5.6 

820 

5.8 

859 

6.0 

400 

6.2 

443 

6.4 

488 

6.6 

585 

6.8 

Discharge. 

Gaflce 
heignt. 

Second-feet. 

Feet, 

584 

7.0 

635 

7.2 

688 

7.4 

743 

7.6 

802 

7.8 

865 

8.0 

981 

8.2 

1,000 

8.4 

1,078 

8.6 

1,149 

8.8 

1,228 

9.0 

1,811 

9.2 

Discharge. 

Second-feet. 
1,400 

1,495 

1,594 

1,700 

1,815 

1,948 

2,088 

2,256 

2,451 

2,675 

2,985 

8,385 
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Estimated  monthly  discharge  of  Humboldt  River  near  Oolconda^  AVr. 

[Drainage  area,  10,780  square  miloB.] 


Month. 


1902. 

Jannary 

February 

March 

April 

May 

Jtme 

jTiIy 

Angnst 

September 

October 

November 

December 

The  year 


Discharge  in  seoond-f eet. 


Haxlmom. 


82 

90 

134 

217 

288 

523 

611 

82 

85 

14 

6 

80 


Run-off. 


Total  in     ; 
acre-feet.      Second-feet 


Minimum.  ,  Mean 


40 

46 

90 

139 

202 

273 

90 

5 

8 

1 

1 

2 


528 


56 

65 

117 

177 

258 

413 

282 

88 

16 

4 

8 

8 


120 


3,443 

3,610 

7, 194 

10,532 

15,864 

24,575 

17,389 

2,887 

952 

246 

179 

492 


•"'.ar-'^ssf 


0.OO52 
.0060 
.0109 
.0164 
.0239 
.0383  { 
.0262  , 
.0035  , 
.0015 
.0004 
.0003 
.0007 


0.l»36i) 

.ooe 

.01'^ 
.0183 

.0*:? 
.04?: 

.0041' 
.  0)17 


86,763  I         .0111 


15uy 


HUMBOLDT  RIVER  AT  PALISADE,  NEV. 

This  station  was  established  November  27,  1902,  by  E.  C.  Murphy. 
It  is  located  at  Palisade,  Nev.  The  gage  is  a  plain  staff  graduated  t«> 
feet  and  tenths,  located  about  an  eighth  of  a  mile  downstream  from 
the  cable  from  which  the  measurements  are  made.  The  gage  is  read 
daily  by  J.  O.  Brooks.  The  channel  is  straight  for  200  feet  above  and 
300  feet  below  the  station.  The  banks  are  both  high.  The  bed  of  the 
stream  is  permanent.  The  bench  mark  is  a  spike  and  three  nail> 
driven  in  the  timber  to  which  the  gage  is  fastened.  It«  elevation  is  7 
feet  above  the  zero  of  the  gasfe. 

Daily  gage  height,  in  feet,  of  Humboldt  River  at  Palisade,  Ner. 


Day. 

• 

Nov.  D«c. 

Day. 

Nov. 

Dec. 
1.56 

1 

Day. 

Nov. 

Dec. 

1 

!   Day. 

1  Nov.  D^ 

1 

1900. 
1 

1.35 

iflue. 

9 

1902. 
17 

1 

1.60 
1.50 
1.45 
1.40 
1.40 
1.46 
1.60 
1.65 

1 

i9ue. 

25 

1 

1       ,^ 

2 

1.85 

1.30 

1.60  , 

1.50 

1.55 

1.55 

1.55 

10 

1.55 

1 

1  18 

26 

I  *• 

8 

11 

1.55 
1.00 

1 
19 

27 

28 

29 

3D 

81 

.  1  1  85   14' 

4 1 

12 

20 

1 

1  40   15) 

5     .   1 

13 ' 

1..% 

21 

14^   1  » 

6.'  .  ...'  

14 i l.fiO 

22 

'  1  SB   14" 

,:.:. 

15 1 

1.45 

28 

.J       1  V. 

B 

16 1 

1.40 

24 

1 

1 

KEWELL.] 


INTERIOR   BASIN. 
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PINE   CREEK  AT  PALISADE,  NEV. 

This  station  was  established  November  27,  1902,  by  E.  C.  Murphy. 
It  is  located  at  the  railway  bridge  1  mile  southwest  of  Palisade, 
Nev.  The  gage  is  a  plain  staff  graduated  to  feet  and  tenths,  spiked 
to  the  right  abutment  of  the  railroad  bridge.  It  is  read  daily  by  J.  O. 
Brooks.  The  channel  both  above  and  below  the  station  is  straight. 
The  banks  are  high  and  liable  to  overflow  only  at  very  high  water. 
The  bed  of  the  stream  is  x>^rmanent  and  is  composed  of  gravel  and 
sand.  The  bench  mark  is  a  spike  and  three  nails  driven  into  the 
timber  to  which  the  gage  is  fastened.  Its  elevation  is  7  feet  above 
the  zero  of  the  gage. 

A  measurement  was  made  October  14, 1902,  by  E.  C.  Murphy,  which 
showed  a  discharge  of  7.2  second- feet. 

Daily  gage  height,  in  feet,  of  Pine  Creek  at  Palisade,  Nev, 


Day. 

Nov. 

1 

Day, 

Nov. 

Dec. 

Day. 

Nov. 

Dec. 

1.70 
1.70 
1.80 
1.75 
1.60 
1.75 
1.35 
1.30 

Day. 

Nov. 

Dec. 

1 

1902. 

1.40 

i.as 

1.80 
1.35 
1.40 
1.45 
1.45 
1.40 

1908. 
9 

1.40 
1.45 
1.40 
1.45 
1.40 
1.60 
1.00 

igoe. 

17 

1902. 
25 

1.86 

2 

10 

18 

26 

1.40 

8 

n 

19 

27 

1.86 

: ;:..!:;:;:: 

1£ 

80 

28 

1.80 
1.45 
1.45 

1.85 

5    J 

13 

21 

20 

1.70 

e            ..J 

14 

» 

30 

1.45 

" :.j 

15 

23 

81 

1.80 

' 1 

g 

16 1.65 

24 

1 

1 

HUMBOLDT  RIVER   (sOUTH  FORK)   AT    MASON'S  RANCH  NEAR 

ELKO,   NEV. 

The  Station,  established  August  29, 1896,  by  L.  H.  Taylor,  is  located 
10  miles  southwest  of  the  town  of  Elko  and  about  6  miles  above  the 
junction  of  the  South  Fork  with  the  main  stream.  The  gage  is 
inclined  and  spiked  to  posts  driven  firmly  into  the  right  bank.  A 
new  inclined  gage  was  placed  by  E.  C.  Murphy  November  22,  1902. 
It  is  at  the  site  of  the  old  one,  the  4- foot  marks  of  old  and  new  gages 
coinciding.  The  bench  mark  is  a  4  by  4-inch  timber  driven  4  feet 
south  of  the  gage.  It  is  6.29  feet  above  gage  datum.  The  meas- 
urements are  made  from  a  cable  and  saspended  car  at  a  point  1  mile 
above  the  gage,  the  latter  being  placed  near  the  farm  of  the  observer, 
for  his  convenience.  At  the  point  of  measurement  the  banks  are 
high,  and  the  channel  is  straight  for  some  distance  above  and  below 
the  station.  The  bed  of  the  stream  is  of  rock  and  gravel  and  quite 
stable.  There  is  a  good  site  for  a  reservoir  a  short  distance  above 
the  station. 
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In  1902  the  following  discharge  measurement  was  made  by  E.  C. 
Murphy: 

October  12:  Gage  height,  0.50  feet;  discharge,  12  second-feet. 

Daily  gage  height ,  in  feett  of  Huvnboldt  River  (South  Fork)  at  Mason^g  ranW. 

near  Elko,  Nev. 


Day. 

Jan. 

Feb. 

Mar. 

0.95 

.95 

.96 

.95 

.95 

.95 

.95 

.95 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.15 

1.16 

1.16 

Apr. 

M.y. 

1 

June.  July. 

Aug. 

Sept. 

Oct. 

1.0D 
1.00. 
1.00 
LOO 

Dec. 

1902. 
1 

0.76 
.76 
.75 
.76 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.75 
.75 
.76 
.75 
.75 
.76 

0.75 
.80 
.80 
.90 
.90 
.95 
.95 
.95 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 

1.80 
1.80 
1.40 
1.40 
1.40 
1.90 
1.95 
1.95 
2.00 
2.00 
2.00 
2.10 
2.20 
2.20 
2.85 
2.85 
2.85 
2.  SO 
2.00 
2.80 
2.80 
2.80 
2.80 
2.75 
2.75 
2.75 
2.70 
2.70 
2.70 
2.00 

2.00 
2.00 
2.00 
2.70 
2.70 
2.80 
2.80 
2.7t) 
2.90 
2.90 
a  00 

aoo 
a  10 
a  10 
aio 
a20 
aao 
aio 
aio 

2.80 
2.76 
2.76 
2.00 
2.00 
2.70 
2.80 

aoo 
a40 
aoo 
a  90 
a90 

2.95 

aoo 
aoo 
a  60 
a  50 

aio 

2.90 
2.90 
2.80 

a76 

1.80 

1.80 

1.10 

1.10 

1.10 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

.90 

.90 

.90 

.90 

.80 

.80 

.80 

.70 

.70 

.70 

.70 

.70 

.70 

.70 

.70 

.70 

.70 

.70 

.65 

0.66 
.86 
.65 
.66 
.66 
.00 
.60 
.45 
.80 
.80 
.80 
.80 
.85 
.25 
.25 
.20 
.80 
.16 
.10 
.10 
.20 
.» 
.80 
.25 
.25 
.26 
.25 
.25 
.26  > 
.80 
1 

1 

aao 

.30 
.85 

.as 

1.9 

2 

La- 

8 

1.9 

4 

LSJ 

6 

.as 

1.10 

L» 

0 

4.10    2.60 
4.40     2.50 

.as 

.40 

1.10  ( 
1.10  1 

1S» 

7 

1.3- 

8 

4.50 
6.00 
6.10 
6.20 
6.40 
6.70 
5.70 
6.10 
6.00 
4.00 
4.60 
4.60 
4.60 
4.60 
4.60 
4.40 
4.40 
4.10 
a  90 
a  90 

a90 
a4o 
a20 

2.85 
2.85 
2.20 
2.20 
2.20 
2.80 
2.25 
2.25 

aio 

2.10 
2.00 
2.00 
1.90 
1.90 
1.80 
1.76 
1.76 
1.75 
1.75 
1.60 
1.50 
1.40 
1.40 
1.40 

.40     1.10 
.40     1.10 
.40  '  1.10' 

.40  1.10 ; 

I» 

9 

LX' 

10 

1.* 

11 

l.» 

12 

.SO 
.60 

1.80 

1.* 

18 

i.m 

14 

.65     1.80 
.55     1.80  ' 
.eo     l.SD 
.66  '  1.80 

1.3' 

16 

l.at< 

10 

i.a* 

17 

i.a> 

18 

.65 

-TO 

1.80 
1.80 

IS) 

19 

t% 

20 

.70 
.70 
.70 
.75 
.75 

.ao 

.90 
.90 
1.00 
1.00 
1.00 
1.00 

1.80 
1.80  > 
1.80  i 
1.10  > 
1.10  i 

1.10 1 

1.80  i 
1.80  1 
1.80 
1.80 
1.80 

1  9' 

21 

.90  !  1.20 

ii' 

28 

.90 
.95 

1.20 
1.20 

1.9> 

28 

1S> 

24 

.95  '  1.20 
.95  >  1.20 
.95     1.20 
.95     1.25 
.95    1.25 
1  1.25 

1  i.ao 

l.J» 

1  a 

26 

1  3' 

26 

1  V 

27 

1  1) 

28 

I  9 

29 

1  3' 

80 

1  ;i< 

81 

la^ 

1 

j  Rating  table  for  Humboldt  River  (South  Fork),  at  Mason's  ranch ^  ^ewuia, 

for  190S, 


Gage 
heifirht. 

Diflcharge.  { 

1 
Sec-feet.    • 

7 

1 

Gage 
height. 

1 
Discharge. 

1 

Sec.'feet.    | 
276 

Gage 
height. 

Feet. 
8.6 

Discharge. 

Gage 
1  height. 

1 

rHanharge. 

Feet. 
0.4 

Feet. 
2.0 

Sec.'feet. 
740 

1     Feet. 
\      5.2 

Hec-ffnet. 
1,230 

.6 

24 

2.2 

327 

3.8 

801 

5.4 

1,302 

.8 

47    1 

2.4 

882 

4.0 

862 

5.6 

i,3;u 

1.0 

74    . 

2.6 

489 

4.2 

922 

5.8 

1,416 

1.2 

105 

2.8 

499     1 

4.4 

988 

6.0 

1.478 

1.4 

141     ' 

8.0 

559 

1 

4.6 

1,045 

1.6 

182    1 

3.2 

619    i 

4.8 

1,106 

1.8 

227    , 

3.4 

679 

1 

5.0 

1,168 

NEITELI*] 
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Estimated  monthly  ducharge  of  Humboldt  River  (South  Fork)  at  Mcuon's  ranch, 

near  ElkOf  Nev, 

[Drainage  area,  1,150  square  miles.] 


Month. 


1902. 

JanTiary 

February 

Marcb. 

April 

May 

June 

JxUy - 

August 

September 

October 

November . 

December 

The  year 


Discharge  In  second-feet. 


Maximum. 


41 

67 

123 

499 

831 

1,385 

689 

122 

30 

74 

105 

122 


1,885 


MiTi<TnnTr|. 


35 

41 

67 

122 

439 

544 

141 

30 

0 

2 

74 

105 


0 


Mean. 


37 

61 

92 

349 

550 

959 

813 

59 

7 

29 

96 

119 


223 


Total  in  acre- 
feet. 


Bnn-off. 


Second-feet 

I>er  sonare 

mile. 


2,275 

3,388 

5,657 

30,767 

33,818 

57,064 

19,246 

3,628 

417 

1,783 

5,713 

7,317 


161,072 


0.032 
.053 
.080 
.304 
.478 
.834 
.272 
.051 
.006 
.025 
.083 
.103 


.193 


Depth  in 
inches. 


0.037 
.055 
.092 
.339 
.551 
.934 
.314 
.059 
.007 
.029 
.093 
.119 


2.629 


HUMBOLDT  RIVER  NEAR  ELKO,   NEV. 

Tbe  station  at  Elko,  established  June  17,  1895,  by  L.  H.  Taylor  is 
located  at  the  highway  bridge  1  mile  southwest  of  the  town.  The 
^age  is  inclined,  fastened  to  iron  bolts  driven  into  the  solid  rock,  and 
is  placed  on  the  left  bank  immediately  below  the  bridge.  The  bench 
mark  is  on  the  southwest  corner  of  the  cofferdam  surrounding  the 
stone  pier  of  the  bridge,  80  feet  north  of  the  gage,  and  is  at  an  eleva- 
tion of  7.50  feet  above  gage  datum.  The  right  bank  is  quite  low;  the 
left  is  high  and  rocky.  The  bed  of  the  stream  is  of  gravel  and  sand, 
with  a  slight  tendency  to  change  during  flood  stages. 
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The  following  discharge  measurement  was  made  in  1902  by  £.  C. 
Murphy. 

October  11:  Gk^e  height,  1.80  feet;  discharge,  1.1  second-feet. 
Daily  gage  height  ^  infect,  of  Humboldt  River  iiear  Elko,  Nev. 


14. 

16. 
16. 

17. 
18. 
19. 
80. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
81. 


Day. 

Jan. 

1— 

1902. 

1.86 

2 

1.86 

8 

I.a5 

4 

1.86 

6 

1.87 

6 

1.87 

7 

1.8T 

8 

1.8T 

9 

1.87 

10 

1.8T 

11 

1.87 

12 

2.50 

13 

2.60 

2.50 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.46 
2.60 
2.60 
2.60 
2.60 
2.40 
2.40 
2.30 
2.40 


Feb. 

Mar. 

Apr. 

1 
1 
1 

1      2.60 

3.00 

2.86 

2.50 

8.00 

2.87 

'      2.50 

2.90 

2.88 

,      2.60 

2.86 

2.90 

2.40 

^.Sb 

2.90 

'      2.40 

2.80 

2.90 

J      2.60 

2.76 

2.95 

2.40 

2.75 

aoo 

2.60 

2.76 

8.20 

2.60 

2.75 

3.25 

'      2.40 

2.76 

3.85 

1      2.40 

2.77 

3.40 

1      2.60 

2.78 

8.40 

2.50 

2.79 

8.85 

1      2.60 

2.80 

8.30 

2.50 

2.80 

3.25 

2.50 

2.80 

3.28 

2.60 

2.75 

8.10 

2.60 

2.80 

8.10 

2.60 

2.86 

3.20 

2.60  ' 

2.90 

3.85 

2.60 

2.90 

8.40 

2.50 

2.80 

8.50 

2.60 

2.86 

4.00 

2.70 

2.90 

4.10 

2.80 
2.90 
8.00 


8.00 
2.95 
2.90 

2.87 
2.86 

2.85 


4.4()  I 
4.80 
4.70  I 
4.65  I 
4.60  I 


I 


May. 


4.80 

4.25 

4.10 

4.10 

4.00 

3.90 

8.80 

8.75 

8.76 

8.60 

3.60 

3.66 

8.75 

8.80 

3.85 

8.90 

3.95. 

4.00 

4.10 

4.20 

4.25 

4.80 

4.40 

4.30 

4.30 

4.80 

4.25 

4.25 

&60 

3.60 

3.60 


June.  '  July. 


I 


a7o 

8.78 
4.00 
4.80 
4.50 
4.75 
4.95 
4.90 
4.95 
5.00 
5.20 
6.26 
6.35 
6.60 
5.70 
5.65 
5.65 
6.60 
6.65 
5.  TO 
5.75 
5.60 
5.00 
4.65 
4.20 
4.00 
3.90 
8.75 
8.66 
8.56 


3.60 

3.53 

8.46 

3.40 

8.35 

8.46 

8.65 

8.55 

3.45 

3.30 

3.20 

a20 

3.15 

3.00 

2.96 

2.90 

2.85 

2.73 

2.73 

2.76 

2.70 

2.65 

2.60 

2.60 

2.46 

2.43 

2.40 

2.35 

2.35 

2.30 

2.25 


An^.       Sept.     Oct 


2.20 

2.13 

2.15 

2.15 

2.15 

2.15 

2.00 

2.00 

1.90 

1.90 

1.90 

2.00 

1.90 

1.90 

1.90 

1.90 

1.80 

1.80 

1.80 

1.80 

1.75 

1.75 

1.70 

1.70 

1.7D 

l.TO 

1.70 

1.70 

1.70 

1.70  ' 

1.70  ' 


LTD  1.7' 

1.70  l.'^^ 

1.70  l.? 

1.70,  1> 

1.70  .  L?' 

LTD  l.> 

L70  1?' 

LTD  l.> 

1.70  i:^ 

l.TO  1? 

1.7t>  n 

l.TO      1.:-' 

1.70        1> 
1.70      («i 

LTD  

LTO  

1.70  

L70  

LTD  

LTD  

1.70  

LTD  

L7D  

L7d' 

LTD' 

LTO' 

LTD    

LTD  - 

LTO  

*-^, 

I 


o  Discontinued  on  account  of  dam  backing  water  up. 


Gage 
height. 

Discharge. 

Feet. 

Second-feet 

1.6 

0.5 

1.7 

1.0 

1.8 

7.0 

1.9 

14.0 

2.0 

22.0 

2.2 

44^.0 

2.4 

70.0 

2.6 

104.0 

2.8 

144.0 

Rating  table  for  Humboldt  River  near  Elko,  Nev,,  for  J90i. 


,^f«f,    I  Discharge 


Leignt. 

Feet. 

Second-feet 

8.0 

190 

3.2 

240 

3.4 

292 

8.6 

346 

3.8 

402 

4.0 

461 

4.2 

525 

4.4 

594 

4.6 

667 
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Estimated  monthly  (Uncharge  of  Humboldt  River  near  Elko,  Nev, 

[Drainagre  area,  2,840  square  mllea.] 


Month. 


1902. 

Jannary 

February 

March 

April  .    - 

May  .  _  _ 

Jane 

Jnly 

An^nst 

September  ... 
October  1  to  14 


Maximmn. 


104 

190 

190 

748 

594 

1,148 

860 

48 

1 

1 


re  in  second-feet. 

Minlmnm. 

Mean. 

10 

57 

70 

96 

134 

153 

155 

822 

846 

460 

332 

767 

50 

187 

1 

14 

1 

1 

1 

1 

Total  in 
acre-feet. 


3,505 

5,832 

9,408 

19,160 

28,284 

45,640 

11,498 

861 

60 

28 


Rnn-off. 


Second- feet 

I>er  sqaare 

mile. 


0. 0197 
.0338 
.0539 
.1134 
.1620 
.2701 
.0658 
.0049 
.0004 
.0004 


Depth  in 
inches. 


0.023 
.035 
.062 
.126 
.187 
.301 
.076 
.006 
.0004 
.0002 


HUMBOLDT  RIVER  (NORTH   FORK)  NEAR  HALLECK,   NEV. 

This  station  was  established  October  10,  1902,  by  E.  C.  Murphy.  It 
is  located  about  2  miles  west  of  the  Southern  Pacific  Railroad  station  at 
Elburz.  The  nearest  post-oflBce  is  Halleck,  Nev.  The  gage  is  an 
inclined  4  by  4  inch  timber  graduated  to  read  direct  to  feet  and 
tenths.  It  is  read  daily  by  the  observer,  Joe  Dolce.  The  measure- 
ments are  taken  from  a  car  and  cable.  The  channel  is  straight  both 
above  and  below  the  station.  The  current  is  swift.  Both  banks  are 
high.  The  left  bank  overflows  at  very  high  water.  The  bed  of  the 
stream  is  permanent  and  composed  of  gravel  and  silt.  The  bench 
mark  is  a  4  by  4  inch  timber  driven  into  the  ground  about  20  feet  up- 
stream from  the.  cable.     Its  elevation  is  6.99  feet  above  the  zero  of  the 

gage. 


Daily  gojge  height ^  in  feet,  of  tlie  Humboldt  River 

(North  Fork)  near  Halleck, 

Nev, 

Day. 

Oct. 

Nov. 
2.10 

Dec. 

2.40 
2.50 

Day. 

1 

Oct. 

2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.10 
2.10 
2.10 
2.10 
2.20 

Nov. 

_  _ 

2.  .SO 

Deo. 

i 
2.50 

Day. 

Oct. 
2.10 

Nov.i 

1 

1 

j-iec. 

igns. 
1 

!          1902. 

t  12 

18 

'  14 

15 

'  16 

1902. 
23 

24 

1 
2.20 

2.60 

2                  

2.20     2.(50 
2.20  \  2.50 
2.30  I  2.60  ' 
2.20  1  2. (JO  ' 
2.30  1  2.66  ' 
2.30  1  2.00  ' 
2.30  ,  2.50  1 
2.30  ,  2.50 
2.30    2.40 
2.30  i  2.50 

2.20    2.20 
2.20  1  2.10 
2.20  1  2.10 
2.20  1  2.30 
2.10     2.40 
2.20    2.40 
2.10     2.40 
2.10  ' 

2.60 

3              

2.10     2.  SO 
2.20    2.40 
2.90  !  2.50 
2.20  '  2.40 
2.20  1  2.50 
2.30  '  2.60 
2.20  1  2.50 
2.20  i  2.eo 
2.ao   2.eo 

25 

2.50 

4             

26 

2.60 

5 

27 

2.(J0 

« 

7        

'  17      ... 

28 

2.60 

'  18 

'  19 

!  20 

'21 

29 

'» 

31 

2.70 

8     

2.70 

0 

2.70 

10                   

1.90 
l.flO 

11                 

22 
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MARYS  RIVER  AT  BRADLEY'S  HOME  RANCH,  NEAR  DEETH,  NEV. 

This  Station  is  located  on  Bradley's  ranch  at  the  wagon  bridge  about 
20  miles  upstream  from  the  mouth  or  from  Deeth,  Nev.  The  gage  is 
a  vertical  staff  graduated  to  feet  and  tenths,  and  is  spiked  to  the  pier 
of  the  bridge.  It  is  read  twice  daily  by  George  Murry.  The  channel 
is  straight  both  above  and  below  the  station.  The  banks  are  high  and 
the  bed  of  the  stream  is  composed  of  silt  and  clay.  The  bench  mark 
is  a  4  by  4  inch  timber  set  on  the  left  bank  35  feet  from  the  ga^e.  It^ 
elevation  is  9.28  feet  above  the  zero  of  the  gage. 

A  measurement  October  10,  1902,  by  E.  C.  Murphy  showed  no 
discharge. 

Daily  gage  height  j  in  feet,  of  Marys  River  near  Deeth,  Niev, 


Day. 

Nov.  Dec. 

i9(e. 
1 

2.30 
2.85 
2.45 
2.40 
2.30 

2 

8 

4 

6 

6 

2.40 

7 

2.40 

8 

2.40 



Day. 


9 
10 
11 
12 
13 
14 
15 
16 


1902. 


Nov, 


Dec.  1 

Day. 

Nov. 

Dec. 

2.40  ' 

17 

1902. 

2.45 

2.40  1 

18 
19 

2  40 

2.40  1 

2.55 

2.40  |l  20 

13.45 

2.40  i'  21 

2  4.5 

2.40  '{  22 

2.50 

2.30  '   23 

2  45 

2.45  '   24 

2.45 

2  3r) 

Day. 


KoT.  I  D«<. 


1908. 


25. 
26. 
27-. 

28.. 
29.. 
30. 
31. 


...-!  2.40 

....    2.30 
....  2.25 

.-.-i  2.35 
--.|  2.40 


2.€ 


WALKER  RIVER  NEAR  V^ABUSKA,  NEV. 

This  station  was  established  July  22, 1902,  by  L.  H.  Taylor.  It  wa> 
equipped  December  12, 1902,  by  E.  C.  Murphy.  It  is  located  about^ 
miles  east  of  Wabuska,  Nev.  The  gage  is  a  vertical  staff  graduated 
to  feet  and  tenths  and  located  about  50  feet  upstream  from  the  cable, 
from  which  measurements  are  made.  The  gage  is  read  twice  daily  by 
W.  H.  Mitchell.  The  channel  is  straight  both  above  and  below  the 
station.  The  banks  are  high.  The  bed  of  the  stream  is  sandy  and 
shifting.  The  bench  mark  is  four  nails  driven  in  the  north^vest  corner 
of  the  pump  platform  35  feet  east  of  the  gage.  The  elevation  of  the 
bench  mark  is  6.94  feet  above  the  zero  of  the  gage. 
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During  1902  the  following  discharge  measurements  were  made  by 
E.  C.  Murphy  and  L.  H.  Taylor: 

July  22:  Gage  height,  1.00  foot;  discharge,  47  second-feet. 
October  7:  Gage  height,  0.48  foot;  discharge,  0.71  second-foot. 

Daily  gage  height,  in  feet,  of  Walker  River  near  Wabuska,  Nev. 


Day. 

Jnly. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1902. 
1 

0.60 
.55 
.60 
.59 
.46 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.85 
.35 
.80 
.30 
.90 
.30 
.30 
.30 
.30 
.25 
.25 
.26 
.25 
.25 
.25 

0.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.20 
.20 
.20 
.20 
.15 
.15 
.15 
.20 
.20 
.20 
.20 

0.20 
.20 
.20 
.26 
.25 
.25 
.30 
.30 
.30 
.80 
.30 
.80 
.30 
.30 
.30 
.30 
.30 
.80 
.80 
.80 
.80 
.80 
.30 
.30 
.30 
.36 
.35 
.35 
.40 
.45 

.60 

1 

0.60 

.60 

.60 

.65 

.66 

.55 

.60 

.65 

.65 

.70 

.70 

.80 

.90 

1.00 

1.00 

1.00 

1.00 

1.06 

1.15 

1.30 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.85 

1.30 

1  30 

2 ' 

1  an 

8 1 

1.80 
1.86 
1  40 

4 1 

5 '. 

6 

1  40 

7 

1  SO 

8 

1  70 

9 

1  70 

10 

1  70 

11   

1  76 

12      

MM-.   -.- .......... ................ ......... 

1  76 

13 

1  76 

14    

1  80 

15 : 

1  90 

16 

1  90 

17      

1  85 

18 

1.85 

19   '. 

1  80 

20 

1.80 

21 

1  76 

22 

1.00 
.85 
.80 
.75 
.70 
.60 
.60 
.60 
.60 
.60 

1.75 

28 

1.75 

24 

1.70 

25 

1.70 

1.65 

27 

1.65 

1.60 

29 

1.56 

1.45 

81  

1.40 

WAL.KBR  RIVER  (EAST  FORK)  AT  ROSS  RANCH,  NEAR  YERINGTON,  NEV. 

This  Btation  was  established  October  G,  1902,  by  E.  C.  Murphy.  It 
is  located  about  10  miles  southeast  of  Yerington,  Nev.,  at  Ross  ranch. 
The  gage  is  a  4  by  4  vertical  timber  graduated  to  feet  and  tenths.  It  is 
read  daily  by  I.  A.  Strosnider,  the  ranch  owner,  who  lives  about  200 
yards  away.  Measurements  are  made  from  a  cable.  The  channel  is 
straight  both  above  and  below  the  station.  The  banks  are  low  and 
liable  to  overflow  at  high  water.  The  bed  of  the  stream  is  sand  and 
clay  and  is  liable  to  shift.  The  bench  mark  is  three  nails  driven  in 
the  stump  of  a  tree  6  inches  in  diameter  and  15  feet  east  of  the  gage. 
Its  elevation  is  5.85  feet  above  the  zero  of  the  gage. 
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The  following  discharge  measurement  was  made  in  1902   hy  E.  C. 
Murphy: 

October  6:  Gage  height,  1.20  feet;  discharge,  55  second-feet. 

Daily  gage  height ^  in  feet,  of  Walker  Rixier  (Ecutt  Fork)  at  Rons  ranch ^  ttear 

Yerington,  Nev. 


Day. 


1.. 

19(12. 

2 

3 

4 

5 

6 

1.30 

7 

1.50 

8 

1.40 

9 

i.ao 

10 

1.50 

11 

1.60 

Oct. 


Nov. ,  Dec. 


1.70 
1.70 
1.70 
1.70 
1.70 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 


1.85 
1.90  ' 
1.90  I 
2.00  I 
2.00  I 
2.10  , 
2.10  I 
2.10 
2. 10  I 
2.10  I 
1.80  I 


Day. 


12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 


1902. 


Oct. 

Nov. 

Dec. 

1.50 

1.80 

1.80 

1.50 

1.80 

1.80  1 

1.50 

1.80 

i.m  1 

1.60 

1.80 

1.80 

1.60 

1.80 

1.80  1 

1.60 

1.80 

1.80 

1.60 

1.80 

1.80 

1.60 

1.80 

1.80 

1.60 

1.80 

1.80 

1.60 

1.80 

1.80 

1.60 

1.80 

1.80 

Day. 


Oct.    Not.  Dec. 


1902 
23 

24 

25 

28 

27 

28 

29 

30 

31 


i.ao 
i.on 
i.w 

1.70 
1.70 
1.70 
1.70 
1.70 
1.70 


i.m 

i.«o 
i.ao 
i.m 
i.»a 

1.80 
l.flO 


l.rti 

1.* 
l.Ai 

l.itJ 


WALKER  RIVER  (WEST  FORK)  AT  UPPER  END  OF  ANTELOPE   VALi.KY, 

NEAR  COLEVILLE,  CAL. 

This  station  was  established  October  5, 1902,  by  E.  C.  Murphy.  It 
is  located  about  4  miles  southwest  of  Coleville,  Gal.  The  grage  is  a 
plain  staff  graduated  to  feet  and  tenths.  It  is  located  about  one-half 
mile  upstream  from  the  cable  from  which  the  measurements  are  made. 
The  observer  is  John  Trumble.  The  channel  is  straight  both  above 
and  below  the  station.  Both  banks  are  high.  The  bed  of  the  stream 
is  stony  and  permanent.  The  bench  mark  is  a  spike  driven  into  the 
tree  to  which  the  gage  is  fastened.  Its  elevation  is  6  feet  above  the 
zero  of  the  gage. 

During  1902  the  following  discharge  measurements  were  made  by 
L.  H.  Taylor  and  D.  W.  Hays: 

July  2o:  Discharge,  331  second-feet. 
September  23:  Discharge,  83  second-feet. 
October  4:  Discharge,  70  second-feet. 

Daily  gage  height,  in  feet,  of  Walker  River  (West  Fork)  near  ColexHlle^  Cal, 


Day. 


1. 
2. 


1902. 


I  1.30 

I  i.ao 

3 ' 1  1.30 


Oct.  Nov.  Dec. 


Day. 


4. 

5. 

C. 

7. 

8. 

9. 
10. 
11. 


1.10 
1.10 
I  1.10 
1  1.10 
\  1.00 
i  1.00 

!  1.00 


i.ao 
i.ao 

1.20 
1.20 
1.^0 
1.20 
1.50 
1.60 


1.30  '  12. 

1.20  ,  13. 

1.20  I  U. 

1.30  Ij  15. 

1.40  I  16. 

1.30  I  17. 

1.30  i  18. 

1.30  I  19. 

1.30  '  20. 

1.30  I  21. 

1.20  22. 


1902. 


Oct. 

Nov. 

1.00 

1.50 

1.00 

1.20 

1.00 

I.ao 

1.00 

1.20 

1.00 

1.30 

1.00 

1.20 

1.00 

1.30 

1.00 

1.20 

1.00 

1.30 

1.00 

1.40 

1.00 

1.40 

Dec. 


Day, 


Oct. 


1902. 
1.10  1  23 1  l.OO 

1.00  1  24 1  l.a) 

1.30  25 1  1.80 

1.20  I.  26 ,  i,ao 


1.30 
1.10 
1.00 
1.00 
1.00 
1.20 
1.20 


27 
28 
29 
30 
81 


I.ao 

1.9D 

I.ao 
I.ao 
I.ao 


Nov. 


I.ao 
I.ao 
I.ao 
I.ao 
I.ao  I 

1.10  I 

i.ao  j 
I.ao  ! 


Dec. 


I.3P 
l.n' 
l-3« 
L* 
111' 
IflP 
1  l.» 

i.a» 
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CARSON  RIVER  NEAR  EMPIRE,  NEV. 

On  October  21, 1900,  a  gaging  station  was  established  about  2  miles 
below  the  town  of  Empire.  The  old  gage,  a  temporary  one,  was  ver- 
tical, driven  into  the  stream  bed,  and  spiked  to  a  timber  set  firmly  in 
the  left  bank.  The  bench  mark  was  on  a  stone  wall  10  feet  from  the 
gage  and  at  an  elevation  of  7.5  feet  above  gage  datum.  The  channel 
is  straight,  the  banks  are  rather  high  at  the  old  station,  and  the  bed  is 
composed  of  cobbles  and  gravel  and  is  not  likely  to  shift.  On  Feb- 
ruary 18,  1901,  erosion  of  a  bar  in  the  channel  above  the  gage  caused 
a  division  of  the  stream  bed  into  two  channels.  On  March  13, 1901,  a 
permanent  gage  was  placed  farther  downstream  where  the  banks  are 
more  stable.  The  gage  consists  of  a  wooden  rod  driven  vertically  into 
the  stream  bed  and  spiked  to  a  cottonwood  tree  on  the  left  bank.  The 
bench  mark  is  on  the  top  of  a  large  bowlder  10  feet  north  of  the  gage, 
its  elevation  being  8.38  feet  above  the  datum  of  the  gage. 

Discharge  measurements  of  Carson  River  near  Empire,  Nev. 


Date. 


Hydrographer. 


1902. 

Aprils C.  v.  Taylor-. 

April  22 D.  W^Hays... 

May  12 C.V.Taylor.. 

Julys D.  W.  Hays... 

July  30 - do 

Ang^nst  80 _.....  L.  L.  Richards 
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Daily  gage  height y  in  feet  ^  of  Carson  River  near  Empire^  Nev. 

Mar. 


Day 


1. 
2. 
8. 
4. 
6. 
6. 

w 

I . 

8. 

9. 
10. 
11. 
12. 
18. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
28. 
24. 
25. 
26. 
27. 
28. 
29. 
80. 
81. 


1902. 


Jan. 


1.00 
1.00 
1.60 
l.TO 
1.70 
1.70 
1.70 
1.70 
1.00 

i.eo 

1.60 
1.60 
1.50 
1.50 
1.50 
1.00 
1.60 
1.60 
1.60 
1.60 
1.50 
1.50 
1.50 
1.60 
1.60 
1.80 
1.80 
1.20 
1.30 
1.40 
1.50 


Feb. 


1.00 

1.60 

1.00 

1.60 

1.60 

1.60 

1.60 

1.60 

1.00 

1.60 

1.00 

1.60 

1.80 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70  I 

1.70  I 

1.70 

1.70  I 

1.70  I 

2.50  I 

2.80  , 


2.10 

2.00 

2.20 

2.40 

2.40 

2.70 

2.70 

2.70 

2.80 

2.40 

2.00 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

2.00 

2.00 

1.90 

1.90 

1.90 

1.90 

1.90 

1.80 

1.80 

1.80  I 

1.80  ' 

1.80  I 

1.80  I 

1.80  i 


Apr. 

May. 

1.90 

2.50 

1.90 

2.50 

1.90 

2.60 

2.00 

2.40 

2.00 

2.50 

2.00 

2.70 

2.80 

2.90 

2.90 

&10 

3.00 

8.50 

2.70 

3.70 

2.00 

3.70 

2.40 

3.70 

2.40 

3.70 

2.6: 

3.70 

2.60 

8.40 

2.70 

3.80 

2.80 

3.30 

aoo 

3.10 

3.10 

3.30 

3.80 

3.10 

3.80 

2.90 

2.80 

2.70 

2.00 

2.70 

2.60 

2.70 

2,50 

2.90 

2.40 

8.20 

2.30 

3.60 

2.30 
2.80 
2.80 


I 


3.70 
3.90 
4.00 
8.90 


Rating  table  for  Carson  River  near  Empire,  Nev,,  for  190S, 


Qaee 
height. 


Feet. 
1.1 
1.2 
1.8 
1.4 
1.0 
1.6 
1.7 
1.8 
1.9 
2.0 


Discharge. 


Second-feet. 
116 
187 
160 
185 
212 
241 
272 
305 
340 
377 


Gaffe 
lelght. 


helg 


Feet, 
2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 
3.0 


Discharge. 


J^eoond-feet. 
416 
457 
500 
545 
592 
642 
695 
751 
810 
872 


Garo 
heignt 


Feet. 

1 

Secomd-feet. 

3.1 

9SS 

3.2 

1,008 

3.3 

1,082 

3.4 

i,ieo 

3.5 

1,242 

3.6 

1,  S28 

3.7 

1,418 

3.8 

1,512 

3.9 

1,610 

4.0 

1,712 

1 
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Estiviated  monthly^  discharge  of  Carson  River  near  Empire,  Nev, 

[Drainage  area,  988  square  miles.] 


Month. 


1902. 

January 

February  

March . . 

April  - - . . 

May  -  - 

June 

July 

August  

September 

October  

November 

December . 

The  year 


Diflchargre  in  8ecx>nd-feet. 


Maximum. 


272 

592 

751 

1,082 

1,712 

1,512 

500 

25 

20 

212 

241 

241 


1,712 


Minimum   '    Mean. 


137 

241 

305 

340 

545 

500 

20 

10 

10 

15 

97 

185 


225 

279 

411 

618 

1,041 

1,002 

170 

19 

15 

54 

160 

213 


Bun-off. 


kl  in  acre- 
feet. 

Second-feet 
per aauare 

13, 835 

0.228 

15, 495 

.282 

25, 271 

.416 

36, 774 

.626 

64,009 

1.054 

59, 623 

1.014 

10, 453 

.172 

1,168 

.019 

893 

.015 

3, 320 

.055 

9, 521 

,162 

13, 097 

.216  ' 

Depth  in 
inches. 


0.26 
.29 
.48 
.70 
1.22 
1.13 
.20 
.02 
.02 
.06 
.18 
.25 


10 


351  I      253,459 


.355 


4.81 


CARSON  RIVER  (EAST  FORK)  AT  RODENBAH'S  RANCH;  NEAR  GARDNER- 

VILLE,  NEV. 

The  gaging  station  was  established  by  L.  II.  Taylor  on  October  17, 

1900,  at  the  place  where  measurements  were  made  in  the  years  1890, 
1891,  and  1892,  The  old  gage  was  an  inclined  timber  securely  fast- 
eued  to  posts  set  in  the  right  bank  of  the  stream.  The  old  bench 
mark  was  on  a  basalt  rock  in  the  edge  of  the  stream,  20  feet  from  the 
gage  and  at  an  elevation  of  6.3  feet  aboye  gage  datum.  The  channel 
at  the  old  station  is  straight  and  the  banks  are  high.  The  stream 
bed  is  of  cobbles  and  gravel,  and  is  quite  stable. 

On  August  2,  1901,  a  loose-rock  dam  was  raised  a  short  distance 
below  the  gaging  station,  which  affected  the  velocity  at  the  latter 
point.     The  dam  was  partly  washed  out  by  a  freshet  on  December  4, 

1901.  A  new  gage  was  established  on  March  10, 1901,  a  short  distance 
downstream  from  the  original  one,  which  had  been  destroyed.  It 
consists  of  a  vertical  timber  driven  into  the'stream  bed  at  the  right 
bank  and  spiked  to  a  cotton  wood  tree.  A  bench  mark  was  also  estab- 
lished on  a  large  granite  bowlder  20  feet  south  of  the  gage  under  the 
cable  from  which  the  measurements  are  made.  Its  elevation  is  8.10 
feet  above  the  datum  of  the  gage.  On  October  3,  1902,  a  new  inclined 
gage  was  Installed  by  E.  C.  Murphy  at  a  point  on  the  left  bank  of  the 
river  600  feet  above  the  cable.     This  gage  has  not  been  read,  as  the 
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one  placed  on  March  10,  1901,  is  still  in  use.     The  bench  mark  is  on 
a  rock  2  feet  east  of  the  gage.     It  is  9.945  feet  above  gage  datmn. 

Discharge  vieasurements  of  Carson  River  (Ea^t  Fork)  iiear  GardnervilU.Srr. 


Date. 


1902. 


Hydrofirrapber. 


p.  W.  Hays 


April  21. 

May  18 C.V.  Taylor.. 

July2 .-   ---       D.W.Hays.- 

Jtilyl9... ' do 

I 

July29 ..   - do 

AugustT).. ;  C.  V.  Taylor  .. 

September  9  . . .    i  L.  L.  Richards 

October  8.- --       E.  C.  Murphy  . 


hSSIl    ^^'-^ 


Feet. 

Seetrnd-ffi. 

4.50 

514 

1 

5.12 

1,15$^ 

4.25 

m 

8.80 

vt 

3.70 

1         »^ 

3.50 

HX' 

3.00 

60 

3.20 

^ 

Daily  gage  height^  in  feet,  of  Carson  Ritfer  {East  Fork)  near  Gardnerville^  AVr. 


Day. 


1902. 
1 

2 

3 

4 

5 

6 '  3.40 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

2tt 

27 

28 

29 

80 - 

81 


Jan.   Feb. 

1 

Mar. 

Apr. 

May.  June. 

July.'  Aug. 

1 

Sept. 

Oct.   Not. 

Dh: 

1 
3.30  '  3.10  1  3.10 

3.80 

4.40 

4.90 

8.80     3.60 

3.35 

a05     2.95 

3.*' 

'  3.30  '  3.10 

3.20 

3.80 

4.40 

6.00 

4.00  '  3.60 

3.90 

2.95   aw 

1   :i* 

\  3.30     3.20 

3.10 

3.80 

4.60 

5.20 

3.90  '  3.40 

3.10 

8.15     2-90 

33 

p 

3.30     3.20 

3.20 

3.80 

4.60 

5.30 

8.90     3.25 

3.10 

3.10     2.90 

ar 

1  3.30     3.20 

8.10 

3.90 

4.60 

5.40 

3.90     3.40 

3.05 

3.05   aou 

■   .IJ' 

1  3.40  ,  3.20 

3.10 

3.90 

4.80 

6.50 

4.00 

3.50 

3.00 

S.S5   aoo 

1    3.* 

'  3.30  ,  3.10 

3.20 

4.90 

5.00 

5.70 

3.80 

3.40 

.3.10 

a  10    2.a)i  3« 

3.40  ,  3.20 

3.20 

4.80 

5.20 

6.00  1  3.70 

3.60 

3.15 

a  05     2.90 

.    3* 

1 

3.40     3.40 

3.40 

4.70 

5.60 

5.40     3.80 

3.70 

3.05 

aoo   a.% 

Txi 

3.:«     3.30 

3.40 

1  4.40 

6.80 

5.30  1  3.90     3.95 

aso 

a  10   4.U) 

3« 

3.(«)     3.20 

3.40 

'  4.30 

5.20 

6.80 

3.80     3.75 

.3.10 

aio   a;3 

,    15 

8.50  .  3.80 

3.40 

4.40 

5.40 

5.40 

8.90 

8.80 

8.05 

aoo ,  aTo 

3.1' 

8.50  1  3.30 

8.40 

4.40 

5.50 

6.50 

3.80     8.90 

3.00 

a  10   a55 

3.5 

8.60  1  3.«) 

3.40 

4.50 

6.50 

5.40 

3.80     8.85 

a20 

2.95   aso 

1« 

8.40     3.50 

8.50 

4.60 

5.40 

5.50 

.3.70    3.70 

ai5 

2.90     a45 

JSli 

8.50  ,  8.70 

3.60 

4.60 

5.40 

5.00 

3.80    3.70 

ai5 

2.96    a«) 

t^ 

8.50  1  3.60 

8.60 

4.80 

5.50 

4.00 

3.90     8.75 

3.20 

aoo   a25 

J* 

3.50  ;  3.50 

3.60 

4.90 

4.90 

4.70 

3.80     3.65  1  3.00 

2.90  .  a35 

t<' 

8.40  '  3.50 

3.60 

4.70 

5.00 

4.80 

3.80  1  8.70  1  2.90 

2.90  '  a40 

t* 

3.50     3.50 

8.t50 

4.70 

5.20 

4.50  1  3.80    3.70    2.90 

2.95  '  a35 

♦  i«' 

3. 40     3. 40 

8.70 

4.50 

5.20 

4.60     8.70     3.80     2.85 

aoo  '  aai 

•r- 

3.50     8.40 

3.70 

4.30 

5.30 

4.70 

3.n)  '  8.80     2.80 

a20   aao 

2? 

8.50    8.  a) 

3.70 

4.50 

6.00 

4.30 

3.80    3.65 

2.80 

8.05  >  a4n 

iff 

3.40  1  3.30 

3.60 

4.:«) 

5.30 

4.20 

3.70 

8.65 

2.75 

.3.05  1  asB 

i« 

3.10  ,  3..'*) 

3.50 

4.60 

5.60 

4.20 

8.00  \  8.50 

2.80 

2.96  ,  a40 

♦•' 

2.90     3.:j0 

8.50 

4.50 

5.40 

4.10 

3.70  !  8.50  '  2.86 

2.90     a40 

I't 

3.00  ,  3.20 

3.60 

4.50 

5.30 

4.00 

3.00 

3.45 

2.90 

2.90  1  ass 

•  ff 

3.10  1  3.10 

3.00 

'  4.30 

6.00 

4.00 

8.60 

8.60 

3.06 

2.86     a35 

1% 

3.20  1 

3.70 

4.40 

6.50 

3.90 

3.70 

8.45 

8.00 

2.90    as5 

iS" 

3.20  ' 

3.80 

4.30 

5.40 

3.80 

3.00 

8.45 

aoo 

aoo  atf 

•v 

3.20  , 

1 

3.80 

_ 

1 


1 

5.20 

'  3.00 

1 

8.40  j 

2,96    

1 

t6 
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Hating  table  for  Carson  River  {East  Fork)  near  Oardnerville,  Nev.,for  1902, 


hei^t. 

Dincharire. 

reet. 

Second-feet 

2.5 

30 

2.5 

34 

2.7 

38 

2.8 

42 

2.9 

46 

3.0 

51 

3.1 

57 

3.3 

65 

3.3 

74 

Qaare 
height. 


f^iet. 
3.4 

3.5 

3.6 

3.7 

3.8 

3.9 

4.0 

4.1 

4.2 


Discharge. 

Oage 
height. 

1 
Second-feet. 

Feet. 

85 

4.3 

98 

4.4 

115     1 

1 

4.5 

140    1 

4.6 

180 

4.7 

233    1 

4.8 

297    1 

4.9 

868    1 

5.0 

441     ' 

1 

5.1 

1 

Discharge. 


Second-feet. 
519 

598 

675 

750 

825 

900 

975 

1,050 

1,125 


Ghige 
height. 


Feet. 
5.2 

5.3 

5.4 

5.5 

5.6 

5.7 

5.8 

5.9 

6.0 


Discharge. 


[Second-feet. 
1,200 

1,275 

1,350 

1,425 

1,500 

1,575 

1,650 

1,725 

1,800 


Blstiniated  monthly  discharge  of  Carson  River  (East  Fork)  at  Rodenbah  ranch, 

near  OardnervUle,  Nev. 

[Drainage  area,  881  square  miles.] 


Month. 


1902. 

January 

Febmary 

March  _ 

April  - -  -  - 

May 

Jnne  - 

July 

An^ast 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Mazimum. 


Minimum. 


115 

140 

180 

975 

1,800  I 

1,800  ! 

297 

265 

80 

65 

297 

m 


46 
57 


81 


78 


1,800 


Total  in 
acre-feet. 


57 

101 

180 

601 

598 

1,205 

180 

955 

98 

178 

70 

131 

40 

54 

44 

51 

46 

86 

28 

54 

28 

298 

Rnn-off. 


Second-feet 

per  square 

mile. 


Depth,  in 
inches. 


215,989 


CARSON  RIVER   (WBST  FORK)   AT  WOODFORDS,  CAL. 

The  gaging  station,  established  by  L.  H.  Taylor  on  October  18, 1900, 
is  about  three-fourths  of  a  mile  above  the  post-office  at  Woodfords. 
Tlie  gB,ge  is  a  vertical  timber  graduated  to  feet  and  tenths.  It  is  read 
daily  by  Bernice  Merrill,  Woodfoixis,  Cal.     The  channel  at  the  statiou 

IRR  85—03 8 
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is  straight,  the  banks  are  high  and  rockj-,  and  the  bed  is  of  rook  and 
gravel  and  not  likelj'  to  shift.  Measurements  are  made  from  a  car 
suspended  on  a  steel  cable  across  the  stream. 

Discharge  mecusurements  of  Carson  River  {West  Fork)  at  Woodfords,  Col. 


Date. 

Hydrographer. 

hSSl   \  D*-"-^ 

1902. 

April  22-.- 

May  18- 

Julys - 

July  30'- 

August  6 

September  9 

T).  W-HavR 

1 

Feet,          Sec./fet. 

3.65                IS 
4.70               422 
3.40  '             l> 

:      2.50               4: 
.        2.45                  53 

.'       2.21                  40 

1 

C.V.Taylo 

D.W.Hayi 

do  ..-. 

C.V.Taylo 

L.L.Richa 

T 

J._ 

-  -    -  - 

r 

^rds 

- .  — 

Daily  gage  Jieight, 

in  feet,  of  Carson  River  {West  Fork)  at  Woodfords.  Cal 

Day. 

Jan. 

1 
Feb.  Mar.  Apr. 

May 

Jnne  July 

Ang. 
2.50 

Sept. 

Oct.   Nov.   De-c 

1902. 

1 

a  00 

3.70 
8.90 
3.80 
3.90 
4,00 
4.00 
4.00 
3.60 
8.90 
8.90 
8.80 
3.80 
3.90 
3.80 
8.80 
8.90 
4.00 
3.90 
3.80 
3.90 
3.80 
3.90 
3.90 
4.00 
4.20 
4.20 
4.80 
4.80 

4.40 
4.60 
4.20 
3.90 
3.00 
3.60 
3.50 

8.10 
3.20 
3.40 
3.40 
3.60 
3.80 
3.90 

3.90 
3.90 
3.80 
3.70 
3.70 
3.70 
3.60 

4.60 
4.60 
4.60 
4.40 
4.40 
4.40 
4.40 
4.60 
4.60 
4.60 
4.40 

4.20 
8.90 
3.80 

aao 

3.80 
3.60 
3.60 
8.50 
8.40 
8.40 
8.40 
8.20 
3.20 
8.00 
8.00 
2.90 
2.90 
2.90 
2.80 
2.90 
2.90 
2.80 
2.90 
2.90 
2.80 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 

2Jin 

2 

8 

4 

5 

6 

7 

2.90 
2.90 
2.90 
2.90 
2.80 
2.90 
3.00 
3.00 
8.00 
2.90 
2.90 
2.80 
2.90 
2.90 
2.90 
3.00 
2.90 
2.90 
3.00 
3.20 
3.10 
3.20 
3.2i 
3.80 
8.20 
3.40 
3.60 
3.60 

3.eo 

3.70 

2.40     2.80  1  2.ao     2.40      2^* 
2.40  1  2.20  1  2.2D     2.40      tie 
2.40     2.20     2.80     2.40      t3i. 
2.40  1  2.20  '  2.20     2.30      t%' 
2.40    2.20  '  2.ai  .  2.»      tS' 
2.40  '  2.20     2.20     2.40      th- 

8 

» 

10 

11 

8.60     3.90  '  8.60 
3.60  1  3.80  '  8.70 
8.60  ,  a80  '  3.80 
3.60     3.90  '  4.00 

2.40    2.20     2.20  ,  2.a»      t^ 
2.60     2.20     &aO     2.40      S.&^ 
2.40  1  2.2U  ,  2.a0  :  2.40      &V 
2.80  1  2.20     2.20     S.Sit      11* 

12 

3.40 

3.90  i  4.00  t  4.40 

2.80  ,  2.20  1  2.80     S.iiO  ,    2.?) 

13 

3.50 
8.60 
3.40 
3.80 
3.20 
3.  CO 
2.80 
2.70 
2.70 
2.80 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 

3.90     4.00 
3.90  '  4.10 
3.80    4.20 
3.80  <  4.40 
3. GO  !  3.80 

4.40 
4.40 
4.00 
4.20 
4.10 
4.10 
4.10 
4.10 
4.10 
4.20 
4.20 
4.30 
4.20 
4.10 

2.80 
2,40 
2.40 
2.80 
2.80 
2.30 
2.80 
2.80 
2.30 
2.80 
2.30 
2.40 
2.50 
2.40 
2.80 
2.80 
2.80 
2.80 
2.80 

2.80 

8.30  1  2.60      Ifl' 

14 

15 

2.80 
2.80 

8.80     2.a)      S«' 
2.  art  .  im  i   «&i 

16 

2.80     2.80     2.40.    tfi^ 

17 

2.80  1  2.80  i  2.40  '    iV' 

18 

3.50 
3.40 
3.30 
3.30 
3.30 
3.40 
3.40 
3.30 
3.40 
3.80 

3.80 
3.80 

3.eo 

4.20 
4.30 
4.40 
4.60 
4.60 
4.80 

2.80  ;  2.80  '  2  40  !    lA 

19 

2.80     2.ari     « 411  -    «4* 

20 

2.80 
2.20 

2:30  1  2.40      1^ 

21 

2.30  i  2  50      1> 

22 

2.20 

'  ft  an    9Sfi\    «  ? 

23 

2.20     2.30     2.50      i** 

24 

2.20     2  aO  '  2.50      S> 

25 

2. 20  1  ^  4n  1  4  lu)  1    «  « 

26 

2.20 

2  30     2  00      i  ^ 

27 

4.80     4.10 
4.80  1  4.20 
4.70  1  4.30 
4.70,  4.90 
4.70 

2.20 
2.20 
2.20 
2.80 

2.80  '  2.60  ,    tv 
2.30  '  2.S>'    i* 
2.40     2.50'    £« 
8.40     2.60  •    tK 
JL40  ■ j    ir 

28 

29 

39 

31 

2.60  1  8.60 
2.60  '  8.60 
2.80 
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Rating  tdbUfor  Carson  River  {West  Fork)  at  Woodfords,  Cal.,for  1902. 


Oacre 

height. 

DiBcharire. 

1 

Discbarge. 

Feet. 
1.4 

Seetmd-feei. 
2 

Feet. 
2.4 

Second-feet. 
42 

1.6 

« 

2.6 

57 

1.8 

12 

2.8 

75 

2.0 

20     1 

1 

3.0 

96 

2.2 

30  ; 

1 

3.2 

120 

height. 

Discharge. 

Feet. 

Second-feet, 

4.4 

342 

4.6 

898 

.  4.8 

448 

5.0 

508 

E^stimated  monthly  discharge  of  Carson  River  ( West  Fork)  at  Woodfords,  Cal, 

[Drainage  area,  70  square  miles.] 


Ifonth. 


1902. 

January 

February _ 

March 

April  - -- 

May     .-- - 

Jtuie 

July 

Angnst  -  - 

September 

October  _. 

November 

December 

The  year. 


Discharge  in  second-feet. 


Maximum. 

Minimum 

195 

75 

318 

162 

393 

57 

232 

108 

448 

178 

393 

252 

295 

57 

57 

36 

36 

30 

42 

30 

57 

36 

75 

49 

Mean. 


107 

288 

138 

175 

287 

319 

121 

40 

82 

34 

46 

58 


Total  in 
acre-feet. 


448 


30 


133 


6,579 

13,218 

8,485 

10, 413 

17,647 

18, 982 

7.440 

2,460 

1,904 

2,091 

2,737 

3,566 

95, 522 


Bun-ofF. 


Second-feet 

per  square 

nme. 


I  Depth  in 
inches. 


1.58 

3.40 

1.97 

2.50 

4.10 

4.56 

1.73 

.57 

.46 

.49 

.66 

.83 


1.90 


1.76 

3.54 

2.27 

2.79 

4.78 

5.09 

1.99 

.66 

.51 

.56 

.74 

.96 


25.60 


TRUCKEE  RIVER  AT  TAHOE,  CAL. 

Truckee  River,  the  natural  outlet  of  Lake  Tahoe,  leaves  the  lake  at 
the  city  of  Tahoe.  About  500  feet  from  the  lake  there  is  a  timber 
dam  across  the  river,  which  has  been  maintained  for  more  than 
twenty  years,  for  the  purpose  of  controlling  the  discharge  from  the 
lakei  June  17,  1900,  a  gage  was  placed  in  the  stream  for  the  purpose 
of  recording  the  height  of  the  water  in  the  river.  The  gage  is  a  ver- 
tical timber  driven  into  the  stream  bed  at  the  left  bank  about  300  feet 
below  the  dam,  and  is  spiked  to  the  root  of  a  tree  growing  on  the 
bank.  The  bench  mark  is  cut  in  the  side  of  the  tree  and  is  4  feet 
above    gage  datum.     The    measurements   are  made   from  a  cable 
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and  suspended  car  about  one-fourth  mile  below  the  ga^e,  which  was 
placed  as  near  the  city  of  Tahoe  as  possible  for  the  convenience  of 
the  observer.  At  the  point  of  measurement  the  right  bank  is  low  and 
is  subject  to  overflow  at  very  high  stages  of  the  stream.  The  left  bank 
is  rather  high.  The  channel  is  nearly  straight  for  a  short  distance 
below  the  station,  and  the  bed  of  the  river,  which  is  of  gravel  and 
coarse  sand,  is  smooth  and  stable.  The  purx>ose  of  the  station  is  iv 
ascertain  the  actual  overflow  from  Lake  Tahoe  with  a  view  to  deter 
mining  its  real  value  as  a  storage  reservoir. 
The  following  measurement  was  made  in  1902  by  E.  G.  Murphy: 

October  22:  Gage  height,  1.67  feet;  discharge,  320  second- feet. 
Daily  gage  height,  in  feet,  of  Truckee  River  at  Tahoe,  Cat. 


Day. 

Jan. 

Feb. 

0.95 
.85 
.85 
.35 
.35 
.85 
.86 
.85 
.90 
.90 
.90 
.00 
.00 
.95 
.96 
.96 
.95 
.90 
.90 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 

Mar. 

Apr. 

May. 

June. 

1900. 
1 

0.80 

.80 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

.96 

.95 

.95 

.95 

1.06 

.95 

1.05 

0.40 
.85 
.35 
.86 
.35 
.85 
.36 
.85 
.86 
.36 
.35 
.85 
.85 
.85 
.36 
.85 
.85 
.85 
.35 
.35 
.35 
.85 
.35 
.85 
.85 
.35 
.30 
.80 
.80 
.80 
.40 

0.40 
.40 
.40 
.40 
.40 
.40 
.40 
.85 
.85 
.86 
.85 
.86 
.85 
.85 
.86 
.86 
.86 
.86 
.36 
.85 
.85 
.35 
.% 
.35 
.36 

0.36 
.85 
.36 
.86 
.90 
.90 
.90 
.90 
.90 
.90 
.86 
.86 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 

0.80 

2 

.80 

8 

.80 

4 

.80 

6 

.80 

6 

.80 

7 

.80 

8 

.80 

9 

.80 

10 

.80 

11 

.80 

12 

.80 

13 

.80 

14 

.80 

16 

.70 

16 

.70 

17 

.70 

18 

.70 

19 

.70 

20 

.70 

21 

.75 

22 

.80 

28.     

.80 

24 

.80 

25 

.80 

28 

.36   .80 
.36  1  .80 
.86  1  .80 
.85   -80 

.80 

27 

.80 

28 

.80 

29 

.80 

80 

.35 

.80 
.80 

.80 

81 

July.lAag.  Sept. 


0.80 

.80 

.80 

.80 

.80 

.80 

.95 

.96 

.96 

.96 

.96 

.95 

.96 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.90 

1.90 

1.90 

1.90 

1.90 

1.00 

1.90 

1.90 

1.90 


I 

I  1.90 
I  1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
3.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 


2. 00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.75 
1.80 
1.80 
1.80 
1.80 
1.75 
1.75 
1.75 
1.75 
1.75 


Oct.  1  Nov.    Dw. 


1.75 

1.75  1 

1.75  I 

1.75  . 

1.75  ' 

1.70 

1.70 

1.75 

1.80 

1.80 

1.80 

1.80 

1.80 

l.«0 

1.75 

1.T5 

1.75  ! 

1.75 

1.75 

1.75  ' 

1.7W 

1.70 

1.70 

1.70 

1.70 

1.70 

l.Tt) 

1.80 

1.80 

1.80 

1.80 


l.W 
l.a) 
L«7 
1.87 
1.8T 
1.K7 
1.87 
1.8T 
1.7H 
1.7«> 
L70 
1.70 
1.70 
1.70 
1.7« 
1.70 
1.70 
1.70 

i.se 

1.92 
1.92 

i.se 
i.fle 
i.« 

1.96 

i.9e 

l.fiS 
1.9S 
1.93 


r. 

'Jl- 

4; 

l:3 


ni 


.'• 
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Rating  table  for  Truckee  River  at  Tahoe^  Cal.^for  190 f. 


Discharge. ; 

1 

Oaffe 
height. 

1 
Second-feet. \ 

Feet. 

25     1 

0.7 

30    1 

.8 

36     1 

.9 

43 

1.0 

51  ; 

1.1 

61     1 

1.2 

72 

1.8 

Discharge. 

1 

Gage 
height. 

Discharge. 

1 

Secfmdfeet. 

Oace 
height. 

Feet. 

Discharge. 

Second-feet. 

Feet. 

Second-feef. 

85 

1.4 

225 

2.1 

445 

100 

1.5 

251 

2.2 

486 

117 

1.6 

279    1 

2.3 

531 

136 

1.7 

308 

2.4 

580 

156 

1      1.8 

339    , 

178 

1.9 

872    1 

201 

2.0 

1 

407 

Estimated  monthly  discharge  of  Truckee  River  at  Tahoe^  Cal. 

[Drainage  area,  619  square  miles.] 


Month. 


1902. 

January 

February  

March 

April  ._- 

May  - 

June 

July 

Aug^ost 

September 

October 

November 

December 

Tbe  year 


Discharge  in  second-feet. 


Maximam. 


146 
126 
100 
51 
117 
100 
372 
445 
407 
339 
407 
407 


445 


Minimum. 


100 

25 

43 

47 

47 

40 
100 
372 
324 
308  ^ 
308  1 
293  ! 


Mean. 


125 

73 

52 

48 

97 

95 

204 

406 

350 

324 

346 

826 


25 


204 


Total  in  acre- 
feet. 


7,686 

4,054 

3,197 

2,856 

5,964 

5,658 

12,548 

24,964 

20,826 

19, 922 

20,588 

20,045 


148, 298 


Bnn-off. 


Second-feet 

persGMciare 

mile. 


0.24 
.14 
.10 
.10 
.19 
.18 
.89 
.78 
.67 
.62 
.67 
.68 


.39 


Depth  in 
inches. 


0.28 
.15 
.12 
.11 
.22 
.20 
.45 
.90 
.75 
.71 
.75 
.73 


6.87 


TRUCKEE  RIVER  AT  VISTA,  NEV. 

The  station  at  Vista,  Nev.,  was  established  August  18,  1899,  by 
L^  H.  Taylor,  and  is  located  7  miles  east  of  Reno.  On  November  12, 
1002,  a  new  gage  was  installed  by  E.  C.  Murphy.  It  consists  of  a  ver- 
tical 4  by  4  inch  timber  spiked  to  a  willow  tree.  It  is  on  the  left  bank 
of  the  rivor,  150  feet  above  the  new  railroad  bridge.  The  zeros  of  the 
old  and  new  gages  coincide.  The  bench  mark  consists  of  two  spikes 
driven  into  the  root  of  the  willow  tree  to  which  the  gage  is  attached. 
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The  elevation  of  the  bench  mark  is  6.98  feet  above  the  zero  of  the 
gage.  The  cable  was  moved  to  a  point  about  a  quarter  of  a  mile  belov 
the  old  station.  The  left  bank  is  low  and  subject  to  overflo^r  at  ext^reme 
high  water.     The  bed  is  rocky  and  not  subject  to  change. 

The  following  discharge  measurements  were  made  during  1902  bv 
C.  V.  Taylor: 

April  9:  Gage  height,  5.04  feet;  diacharge,  1,678  second-feet. 
May  9:  Gage  height,  5.70  feet;  discharge,  2,319  second-feet. 

Daily  gage  height,  in  feet,  of  Truckee  River  at  Vista ^  Nev, 


Day. 


Jan. 


1902. 


8. 
4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
18. 
14. 
16. 
16. 
17. 
18. 
19. 

ao. 

81- 
28. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
80. 
81. 


Feb. '  Mar. 


2.0U 

2.55 

2.50 

2.65 

2.76 

2,76 

2.80 

2.80 

2.76 

2.76 

2.70 

2.60 

2.60 

2.60 

2.60  ' 

2.60  I 

2.60 

2.65 

2.70 

2.60 

2.60 

2.60 

2.60 

2.56 

2.65 

2.60 

2.70 

2.60 

2.60 

2.60 

2.60 


2.60 
2.70 
2.70 
2.65 
2.65 
2.65 
2.60 
2.60 
2.66 
2. 60 
2.60 
2.65 
2.70 
2.90 
4.00 
4.00 
8.60 
3.20 
8.25 
3.25 
3.20 
3.15 
3.00 
8.30 
3.60 
8.60 
3.60 
3.55 


8.40 

aso 

8.20 
3.20 
8.20 

aso 

8.30 
3.50 
3.10 
8.05 
2.95 
8.00 
2.90 
2.85 
2.90 
2.80 
2.80 
2.85 
2.90 
2.90 
2.86 
2.80 
2.80 
2.85 
2.80 
2.90 
2.90 
2.90 
3.00 
8.40 
3.70 


Apr. 

May. 

June. 

July. 

4.00 

4.20 

4.60 

2.60 

4.00 

4.00 

4. 80 

2.70 

4.46 

8.80 

4.00 

2.60 

4.00 

8.90 

4.00 

2.60 

4.80 

8.90 

4.00 

2:70 

7.00 

4.60 

4.00 

2.60 

7.00 

5.20 

4.20 

2.60 

5.60 

6.70 

4.60 

2.50 

6.00 

6.70 

4,70 

2.50 

6.00 

6.40 

4.80 

2.50 

6.40 

5.60 

4.90 

2.40 

5.00 

6.70 

4.60 

2.40 

6.72 

6.60 

4.40 

2.20 

6.76 

6.30 

4.40 

2.20 

,  6.71 

6.00 

4.00 

2.80  ' 

Auk- 


5.77 
6.77 
6.76 
6.79 
6.77 
6.77 
4.78 
4.79 
4.76 
4.72 
4.71 
4.10 
4.10 
4.20 
4.30 


4.70 
4.80 
4.70 
4.60 
4.20 
4.10 
4.00 
8.90 
4.00 
4.50 
4.80 
6.20 
5.00 
5.40 
5.20 
6.00 


8.90 
3.80 
8.70 
3.70 
3.60 
8.70 
3.40 
a40 
8.40 
3.40 
8.40 
8.80 
3.20 
2.80 
2.60 


(") 


2.80 
2.60 
2.60 
2.70 
2.60 


Sept. 


2.00 

2.60 

2.40 

2.40 

2.40 

2.30 

2.20 

2.20 

2.10 

2.10 

2  10 

2.20 

2.10 

2.40  I 

2.60  j 

2.80  I 

2.50  j 

2.60  I 

2.60 

2.00 

2.60 

2.  GO 

2.60 

2.60 

2.50 

2.50 

2.60 

2.7D 

2.70 

2.80 

2.80 


2.80 

2.90 

8.00 

a  10 

2.80 

2.90 

3.10 

2.80 

2.9t) 

2.70 

2.  GO 

2.00 

2.70 

2.80 

2.70 

2.  GO 

2.70 

2.60 

2.60 

2.70 

2.70 

2.70 

2.70 

2.70 

2.70 

2.70 

2.70 

2.70 

2.70 

2.00 


O-t.  '  Not.  I>^ 


2.05 
S.00 
2.  TO 
2.05 
2.00 
2.00 
2.00 
2.70 
2.70  ^ 
2.70  1 
2.70  j 
2.80  I 
2.70  . 
2.80  . 
2.80  \ 
2.80 
2.  TO 
2.90  ' 
2.90  ' 
3.10  I 
2.90  I 
8.00  I 
3.00  , 

aio 

3.10 
2.90 
8.10  • 

aoo  \ 

8.00 

a  10 
aoo 


3.1(1 
3l10 
3.10 
32D 
3.H) 
a  10 

aoi) 
a  at 
aao 

S.4i) 

a  5(1 
a  Of 
aco 
a  71) 
4.00 
avD 
asD 
arto 
a7i» 
a6D 
aeu 
aio 
a40 
a«) 
a4o 
aso 
aai 
aso 
asD 
(«, 


«  No  record  July  16  to  26  and  November  30  to  December  81. 
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Hating  table  for  Trochee  River  at  Vista,  Nev.,for  1902. 


1 

1     Gacre 
,   height. 

1 
Discharge. 

1 

'     Oa«re 
1  heignt. 

1 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

JFeet, 

Second-feet.  1 

j      Feet. 

1 
Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

\       2.0 

110 

3.4 

773    1 

4.8 

1,601 

6.2 

2,780 

\       2.2 

185 

3.6 

882 

"5.0 

1,733 

6.4 

3,079 

1       2.4 

274 

3.8 

995    1 

5.2 

1,871 

6.6 

3,438 

[       2.6 

370 

4.0 

1,110 

5.4 

2,015 

.  6.8 

8,857 

1       2.8 

467 

4.2 

1,227    ' 

5.6 

2,168 

7.0 

4,386 

3.0 

566 

4.4 

1,348 

5.8 

2,838 

3.2 

668 

4.6 

• 

1,473    1 

6.0 

2,537 

Estimated  monthly  discharge  of  Truckee  River  at  Vista,  Nev, 

[Drainage  area,  1,519  square  miles.] 


Month. 


1902. 

Jannary 

February  

March 

April  - 

May -  - 

June  -  - 

July -- 

Au^nst 

September 

October 

November  1  to  29. 


Discharge  in  second-feet. 


MaTlmnni.    Minimum. 


467 

1,110 

938 

4,336 

2,250 

1,666 

418 

467 

617 

617 

1,110 


322 

370 
467 
1,110 
995 
370 
185 
146 
370 
370 
566 


Mean. 


389 

598 

589 

1,922 

1.610 

1,056 

292 

311 

443 

485 

782 


Total  in 
acre-feet. 


23, 919 
33,211 
36, 216 
114,367 
98, 995 
62,836 
17,954 
19, 123 
26, 360 
29, 821 
44,981 


Bun-off. 


Second-feet 

per  sanare 

nme. 


0.256 
.393 
.388 
1.265 
1.060 
.695 
.192 
.205 
.292 
.319 
.515 


Depth  in 
inches. 


0.30 
.41 
.45 
1.42 
1.22 
.78 
.22 
.24 
.33 
.37 
.56 


TRUCKEE  RIVER  AT  NEVADA- CALIFORNIA  STATE   LINE,  NEAR  MYSTIC, 

CAL. 

The  gaging  station  on  this  river  was  established  by  L.  H.  Taylor 
September  7,  1899,  at  the  State  line,  17  miles  west  of  Reno,  Nev.  The 
old  gage  was  vertical,  driven  into  the  bed  of  the  river,  and  wired 
to  a  granite  bowlder.  A  new  gage  was  established  by  E.  C.  Murphy 
November  11,  1902.  It  is  a  4  by  4  inch  timber  in  two  parts  and  is 
located  on  the  right  bank  400  feet  below  the  old  gage.  The  lower 
section  of  the  gage  is  inclined;  the  upper  part  is  vertical.  The  zeros 
of  the  old  and  new  gages  coincide.  The  bench  mark  consists  of  two 
spikes  driven  into  the  root  of  the  cottonwood  tree  to  which  the  ver- 
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[s«o  55. 


tical  portion  of  the  gage  is  attached.     The  elevation  of  the  bench 

mark  is  6.99  feet  above  the  zero  of  the  gage. 

The  following  discharge  measurements  were  made  during  1905  by 

C.  V.  Taylor: 

April  10:  Gkige  height,  8.60  feet;  discharge,  1,492  second-feet. 
May  10:  Gage  height,  4.50  feet;  discharge,  2,884  second-feet. 

Daily  gage  lieigkt,  in  feet,  of  Tnickee  River  at  Nevada-California  State  line  ntur 

MystiCy  Cal. 


Day. 


19Q2. 


2. 
8. 
4. 
6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
U. 
15. 
16. 
17- 
18. 
19. 
20- 
21. 
22. 
28. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Jan. 


1.60 
1.90 
1.80 
1.60 
1.50 
1.60 
1.50 
1.50 
1.60 
1.50 
1.40 
1.60 
1.60 
1.70 
1.60 
1.60 
1.60 
].80 
1.50 
1.50 
1.50 
1.50 
1.50 
1.70 
1.60 
1.40 
1.70 
1.80 
1.80 
1.70 
1.70 


Feb. 


1.40 

i.eo 

1.60 
1.60 
1.70 
1.60 
1.70 
1.80 
1.80 
2.10 
2.10 
1.80 
1.50 
1.80 
2.40 
2.50 
8.20 
2.60 
2.30 
2.80 
2.20 
2.00 
2.00 
2.90 
2.40 
2.00 
2.00 
2.00 


!-■ 


Har. 


2.10 
2.10 
1.90 
2.00 
2.10 
2.40 
1.90 
1.90 
1.80 
1.50 
1.60 
1.60 
2.00 
1.70 
1.60 
1.50 
1.60 
1.70 
1.80 
1.80 
1.90 
1.70 
1.70 
1.50 
1.70 
1.70 
1.70 
2.00 
2.00 
2.00 
2.10 


Apr. 


2.20 
2.10 
2.20 
2.20 
2.50 
3.20 
5.00 
4.00 
4.10 
3.70 
3.40 
3.50 
a60 
4.10 
4.30 
4.20 
4.50 
5.00 
5.40 
5.00 
4.80 
3.80 
3.80 
8.40 
3.40 
3.80 
3.20 
3.20 
3.40 
3.60 


r.jjl 


3.40 

3.80 

8.20 

3.20 

3.30 

8.90 

4.40 

4.80 

4.80 

4.70 

4.80  I 

4.T0  ' 

4.50 

4.03 

4.00 

4.00 

4.10 

4.00 

a80 

8.60 

8.40 

8.30 

8.40 

8.50 

4.00  i 

4.20 

4.60 

4.80 

4.70 

4.40 

4.20 


aTO 
8.70 
8.50 
8.50 
3.40 
3.50 
3.90 
3.90 
4.00 
4.10 
4.00 
3.90 
3.90 
3.90 
8.50 
3.30 
8.30 
8.20 
8.20 
8.20 
a20 
8.20 
8.00 
8.10 
8.10 
2.80 
2.80 
2.60 
2.60 
2.60 


2.40 

Aug. 

Sept. 

2.10 

2.20 

2.20 

2.10  1  2.20 

2.20 

2.10  :  2.20 

3.00 

2.10  1  2.20 

2.10 

2.00  i  2.20 

2.10 

2.00 

2.10 

2.10 

2.00 

2.20 

2.10 

2.(10 

2.10 

1.70 

2.00 

2.00 

2.00 

1.80  1  2.00 

2.10 

2.10 

2.00 

2.00 

2.10 

200 

1.90 

2.00  '  2.20 

1.90 

2.10 

2.10 

1  2.0D 

2.20 

2.00 

2.00 

2.20     1.90 

1.90 

2.10.  1.90 

1.90 

2.10 

2.U) 

1.90 

2.10 

2.00 

1.90 

2.10 

1.90 

1.80 

2.10 

2  00 

1.90 

2.00 

2  00 

1.80 

2.10 

2.00 

2.10 

2.10 

2.(K» 

2.20 

2.10 

1.90 

2.20 

2.10 

1.90 

2.20 

2.20 

1.90 

2.20 

2.20 

2.00 

1  1.90 

2.20 

2.00 

2.10 

2.20 

2.00 

2.20 

2.20 

1.90 
8.00 
1.00 
1.00 
1.00 
1.80 
1.00 
2.10 
1.00 
1.00 
2.00 
2.00 
2.00 
2.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
2.80 
2.20 
2.20 
2.10 
2.10 
2.00 
1.00 
1.00 


Nov.    Dw. 


1.90 
1.80 
1.00 
1.8D 
1.00 
1.00 
1.80 
1.90 
1.00 
2.20 
2.50 
1.00 
1.00 
1.90 
2.10 
1.90 
2.10 
1.90 
1.80  ! 
1.90  : 
2.10  . 
I  l-TO  , 

,  i.7o; 

^1.70  I 
\  1.70  1 
'  1.60  I 
'  1.00  I 

1.80 
!  1.80  ' 


I 


1.4) 

iH' 

fSS 
*♦' 
2.30 

2,  a* 
1  m 

1-J«» 

2.10 
2.K' 
i» 
110 
2.1" 
l.» 
1.90 
l.» 
l.» 

2.n) 


Rating  table  for  Truckee  River  at  Mystic,  Cal.,  for  1902^ 


h?S,^t.  -■  D->-'««- ,  h^i-^t. 


Diachar^.  ];  ^^ 


Feet.      I 
1.4 

1.6 

1.8 
2.0 
2.2 
2.4 


Second~/eet. 

268 
319 
383 
463 
559 
671 


Feet. 

1 
Second-feet. 

2.6 

795 

2.8 

924 

8.0 

1,055 

3.2 

1,194 

3.4 

1,845 

8.6 

1,508 

Feet. 
3.8 

4.0 

4.2 

4.4 

4.6 

4.8 


Discharge. 


Second-feet. 
1,688 

1,870 

2,009 

2,280 

2,505 

2,745 


h^L^t.   '  iWfKhjirgf- 


Feet. 
5.0 

5.2 

5.4 

5.6 

5.8 


Sttcond'/eet. 
3,003 

3,596 
3,053 
4,370 


NETTELL..] 


INTERIOR   BASIN. 
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Estinuxted  monthly  discharge  of  Truckee  River  at  Nevada-California  State  line 

near  Mystic ,  Cat. 

[Drainage  area,  9&5  square  miles.] 


Month. 


1902. 

January 

Febmary  __. 

March 

April 

May 

June 

July 

AxL^nst 

September  . . 

October 

November  _. 
December . . . 


IWAxinTnin. 


421 

1,1k 

671 

8,596 

2,746 

1,968 

1,055 

559 

559 

559 

732 

671 


The  year 


8,596 


1 

jre  in  »econd-f  eet. 

Minimum. 

Mean. 

268 

822 

268 

506 

292 

402 

509 

1,656 

1,194 

1,927 

732 

l,a'>8 

849 

501 

888 

506 

421 

482 

883 

450 

292 

416 

888 

482 

268 

751 

Bun-off. 


Total  in  acre- 
feet.         Second-feet 
I>er  square 
mue. 


19, 799 
28,102 
24,718 
98, 539 
118, 487 
80,807 
30, 805 
31,113 
28,681 
27, 669 
24, 754 
29, 637 


543, 111 


0.837 

.580 

.421 

1.784 

2.018 

1.422 

.525 

.530 

.505 

.471 

.436 

.505 


.786 


Depth  in 
inches. 


0.89 

.55 

.49 

1.93 

2.88 

1.59 

.61 

.61 

.56 

.54 

.49 

.58 


10.67 


INDEPENDKNCB  CREEK  BELOW  INDEPENDENCE  LAKE,  NEAR  OVERTON, 

CAL. 

This  Station  was  established  October  24, 1902,  by  E.  C.  Murphy.  It 
is  located  about  one-eighth  of  a  mile  below  the  dam  at  the  end  of 
Independence  Lake,  California.  The  gage  is  a  vertical  staff  gradu- 
ated to  feet  and  tenths  and  is  located  about  200  feet  upstream  from 
the  cable  and  car  from  which  the  measurements  are  made.  The  gage 
is  read  twice  daily  by  James  McNutt.  The  channel  is  straight  both 
above  and  below  the  station.  The  banks  are  low,  but  not  subject  to 
overflow.  The  bed  of  the  stream  is  permanent,  being  composed  of 
gravel  and  clay.  The  bench  mark  is  three  nails  driven  in  the  root 
of  a  pine  tree  55  feet  northwest  of  the  gage.  Its  elevation  is  5.82  feet 
above  the  zero  of  the  gage. 
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M 


The  following  discharge  measurement  was  made  by  E.  C.  Murphr 

in  1902: 

October  24:  Gage  height,  1.23  feet;  diBcharge,  0.27  fseoond-foot. 

Daily  gage  height,  in  feet,  of  Indepeiuience  Creek  below  Independetice  Lake,  wcor 

Overton,  Cal. 


Day. 

Oct. 

Nov. 

1 

Dec.  1 

1 

Day. 

Oct. 

Nov. 

1.93 
1.73 

(«) 

(«) 

1.98 

1.93 

1.93 

Dec.  I 

Day. 

1 

Oct.    Nov. 

! 

D«r 

1902. 
1 

1 

1.83  1  2.20  ' 
1.33  i  2.20  1 
1.33     2.00  1 
1.23  I  1.95 
1.23     1.90  i 
1.13     1.90  1 

1902. 
12 

l.flO  1 
1.00  ' 
1.60  ' 
1.60  ' 
1.50  ' 
1.50  ' 
1.50  ' 

190S. 
23 

1 
1.98 

f  m 

2 

13 

24. 

25 

28 

1.23  1  1.93 
1.23     1.98 
1.23     1.93 
1.13  1  1.9B 
1.23  1  l.flS 
1.83     1.98 
1.23     1.90 

1.33  1 

1 

1 

1            1 

L55 

3 1 

14 

1.3o 

4 ' 

16 

1  » 

6 

18 

27 

Li' 

6 

17 

28 

1  3 

7 

1.23 
1.38 
1.18 

1.80 
1.80 
1.80 

18 

29 

LHb 

8 1 

19 

1.93     1.50  ' 
1.98  1  1.50  ' 
1.98     1.60  ' 
1.93  1  1.00  ' 

30 

1  §U 

9 ' 

20 

31 

1.8P 

10 ' 

1.93  1  i.eo  1 

1.93     l.flO 

21 

11 

22 

1 

a  No  record. 
PROSSER  CREEK  NEAR  BOCA,  CAL.. 

This  station  was  established  October  23,  1902,  by  E.  C.  Murphy. 
It  is  located  about  500  feet  below  the  dam  of  the  Prosser  Creek  loe 
Company.  It  is  about  one-eighth  of  a  mile  above  the  mouth  of  the 
creek,  at  the  footbridge  between  two  ice  houses.  The  gagre  is  a  ver- 
tical staff  graduated  to  feet  and  tenths  and  locateil  about  10  feet 
below  the  bridge.  It  is  read  twice  daily  by  C.  Lindsley.  The  chan- 
nel is  straight  both  above  and  below  the  station.  The  banks  are  high. 
The  bed  of  the  stream  is  permanent  and  is  composed  of  sandy  gravel 
and  8t.one.  The  bench  mark  is  a  spike  driven  into  the  timber  to 
which  the  gage  is  fastened.  Its  elevation  is  6.0  feet  above  the  zen) 
of  the  gage. 

The  following  discharge  measurement  was  made  in  1902  h^  E.  C. 
Murphy: 

October  23:  Gage  height,  0.85  foot;  discharge,  21  second-feet. 
Daily  gage  height,  in  feet,  of  Prosser  Creek  near  Boca,  CaL 


Day. 


1. 

2. 

3. 

4. 

5. 

6- 

7. 

8. 

9. 
10. 
11. 


1902. 


Oct. 


Nov, 


0.76 
.80 
.75  I 
.80 
.80 
.75 
.80 
.70 
.70 
1.06 
1.00 


Dec. 


0.80 

.80 

.45 

.65 

.85 

1.05 

.95 

1.00 

1.10 

1.30 

.65 


Day. 

Oct. 

Nov. 

1902. 
12 

0.80 

13 

.86 

14 

.85 

15 

.85 

16 

.80 

17 

.85 

18 

.85 

19 

.80 

20 

.80 
.80 

21 

22 

Kov-.D^r 


0  ts 

U43 

.80, 

.r. 

.80, 

M 

^\ 

.3F 

.80 

.» 

.85  t 

.Si 

.«dI 

.i^ 

.:ol 

.¥ 

1 

.i' 

IVBWSLX.] 


INTEBIOB   BASIN. 
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DONNER  CREEK  NEAR  TRUCKEEr  CAL. 

This  station  was  established  October  23,  1902,  by  E.  C.  Murphy. 
It  is  located  about  1|  miles  west  of  Truckee,  Cal.,  near  the  dam  of 
the  Donner  Creek  Ice  Company.  The  gage  is  a  vertical  staff  gradu- 
ated to  feet  and  tenths,  located  about  50  feet  upstream  from  the  cable 
from  which  measurements  are  taken.  The  gage  is  read  twice  daily  by 
F.  R.  Williams.  The  channel  is  straight  both  above  and  below  the 
station.  The  banks  of  the  stream  are  high.  The  bed  of  the  stream 
is  permanent,  being  composed  of  gravel.  The  bench  mark  consists 
of  four  nails  driven  in  the  root  of  a  pine  tree  35  feet  north  of  the 
gage.     The  elevation  is  6.3  feet  above  the  zero  of  the  gage. 

The  following  discharge  measurement  was  made  in  1902  by  E.  C. 
Marphy: 

October  28:  G^e  height,  1.80  feet;  discharge,  3.2  second-feet. 
Daily  gage  height ,  in  feety  of  Donner  Creek  near  Truckee,  Cal, 


1902. 


1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 


Oct. 


Nov.  Dec- 


Leo 

i.eo 
i.eo 
i.eo 

1.00 
1.00 
1.00 
1.00 
1.00 
2.06 
2.05 


1.80 
1.80 
l.fiO 
1.90 
1.90 
2.00 
1.90 
1.90 
2.00 
2.U0 
2.00 


Day. 


12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 


1902. 


Oct. 


Nov. 


1.85 
1.85 
2.20 
1.85 
2.00 
1.90 
2.20 
1.90 
1.80 
1.90 
1.90 


1.95 
1.80 
1.90 
1,90 
1.90 
1.96 
1.90 
1.80 
1.80 
1.80 
1.80 


Day. 

Oct. 

23. 

1902. 

1.80 
1.82 
1.72 
1.00 
1.60 
1.60 
1.65 
1.70 
1.00 

24 

25 

26 

27 

28 

29 

30 

31 

Nov. '  Dec. 

I 


1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.80 


1.80 
1.85 
1.90 
1.80 
1.80 
1.75 
1.85 
2.26 
2.86 


SUSAN  RIVER  NEAR  SUSANVILLE,  CAL. 

Tbe  gaging  station  is  about  three-fourths  of  a  mile  southwest  of  the 
tovm^  at  the  electric-light  plant.  It  was  established  June  3,  1900,  by 
Li  H.  Taylor,  a  temporary  gage  being  placed  at  the  right  bank  of  the 
river.  The  station  is  designed  to  be  equipped  with  a  cable  and  sus- 
pended car  from  which  to  make  measurements  of  the  discharge.  The 
cbaniiel  is  straight  for  a  distance  above  and  below  the  station  and  the 
banks  are  high.  The  stream  bed  is  of  gravel  and  cobbles  and  is 
rather  stable.     The  observer  is  James  Branham. 

A  short  distance  above  the  station  a  small  irrigating  ditch,  known 
as  the  Hasten  ditch,  is  taken  out  on  the  right  bank  of  the  stream. 
Near  its  head  is  a  flume  in  which  a  gage  has  been  placed  and  meas- 
urements are  made. 


124 


STREAM   MEASUREMENTS   IN   1902,  PART   IV, 


[inx%. 


Daily  gage  height^  in  feet,  of  Suaan  River  near  StisanviUe^  OaL 


Day. 


IWSt. 


6. 

7. 

8- 

9. 
10. 
11- 
12. 
18. 
14. 
15- 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27- 
28. 
29. 
30. 
31. 


Jan. 
2.40 

Feb. 

Mar. 

Apr. 
3.80 

May. 

June. 
4.02 

Jtily.|Aiig.  Sept. 

1 
2.80     1.90     1.75 

joet. 

Nov. 
'  2,10 

Dec. 

2.40 

380 

4.42 

1 

i  1.00 

*an 

2.40 

2.45 

3.70 

3.75 

4.40 

3.92 

2.98 

1.90 

1.75  ,  1.90 

2.10 

iai 

2.40 

2.60 

a70 

3.80 

4.82 

8.86 

2.88 

1.86 

1.75     l.«0 

2.10 

2:^) 

2.40 

2.55 

3.66 

8.95 

4,30 

a75 

2.80 

1.86 

1.75  i  1.90 

2.10 

ta 

2.40 

2.60 

3.00 

4.15 

4.30 

3.66 

2.80 

1.83 

1.75  ,  2.30 

2.15 

2.ai 

2.40 

2.66 

3.40 

4.32 

4.45 

3.65 

2.75 

1.85 

1.70  1  2.20 

2.15 

2.S 

2.40 

2.70 

3.40 

5.80 

4.65 

a52 

2.70 

1.86 

l.TO     2.20 

,  2.20 

2.45 

2.40 

2.80 

8.35 

4.96 

4.78 

8.48 

2.50 

1.86 

1.70     2.20 

2.20 

2.3S 

2.40 

8.80 

8.30 

4.68 

4.75 

3.42 

238 

1.80 

1.70  1  2.20 

2.20 

£.» 

2.40 

8.50 

3.85 

4.58 

4.75 

3.40 

2.85 

1.80 

1.70  :  2.20 

2.65 

3.60 

2.40 

8.60 

3.86 

4.60 

4.70 

a62 

2.82 

1.80 

1.70  1  2.20 

2.40 

aso 

2.40 

3.50 

3.40 

4.50 

4.65 

3.80 

2.81) 

1.80 

1.70  j  1.95 

2.30  , 

a  10 

2.40 

&20 

3.45 

4.65 

4.60 

3.48 

2.30 

1.80 

1.70     1.95 

2.28 

3.  Mi 

2.40 

3.10 

8.55 

4.72 

4.60 

8.65 

2.80 

1.80 

1.75     1.95 

2. 22 

*.« 

2.40 

4.10 

3.55 

4.90 

4.56 

3.62 

2.25 

1.80 

1.75  ,  1.95 

2.20 

i^Sa 

2.40 

8.90 

3.55 

5  08 

4.48 

3.58 

2.20 

1.85  1  1.75  ;  1.96 

2.28 

2.W 

2.40 

4.40 

3.85 

5,10 

4.40 

a40 

2.20 

1.90  1  1.75  1  1.95 

2.32  , 

2-* 

2.40 

4.20 

3.60 

5.25 

4.32 

aae 

1.95 

1.90     1.75  1  l.«> 

2.42 

S.4D 

2.40 

4.10 

3.75 

5.60 

4.32 

3.28 

1.96 

1.90     1.75  1  2.00 

2.40 

i3o 

,  2.40 

3.90 

3.75 

5.60 

4.20 

3.22 

1.96 

1.90     1.75  1  2.00 

2.40 

13> 

2.40 

4.10 

3.70 

5.25 

4.08 

8.20 

1.90 

1.86  ,  1.80     2.00 

2.35 

2.«» 

'  2.40 

4.00 

8.60 

5.06 

3.96 

3.12 

1.90 

1.86  1  1.80  ,  2.10 

2.33 

2.*» 

1  2.40 

3.90 

3.60 

4.85 

3.92 

8.07 

1.90 

1.85  ;  1.85     2.15 

2.30 

2.45 

2.40 

4.20 

3.50 

4.85 

3.90 

8.00 

1.90 

1.85     1.86 

2.15 

2.30 

2.S» 

'  2.40 

4.10 

a85 

4.65 

3.90 

2.96 

1.90 

1.80     1.85 

2.20 

2.25 

2.51 

'  2.40 

3.90 

3.30 

4.55 

3.92 

2.90 

1.90 

1.80     1.90 

2.20 

2.28 

5« 

2.40 

4.10 

3.35 

4.50 

4.06 

2.90 

1.90 

1.80  ,  1.90 

2.20 

2.20 

4-r. 

2.40    8.90 

3.45 

4.42 

4.02 

2.82 

1.90 

1.75  ;  1.90  1  2.20 

2.20  , 

4.«> 

'  2.40   

3.50 

4.45 

4.06 

2.80 

1.90 

1.75  1  1.90     2.15  1 

2.20  . 

4.45 

2.40  ' 

8.60 

4.50 

4.06 

2.80 

1.90 

1.75     1.90 

2.15 

2.20  1 

4.&' 

2.40  ! 

3.65 

4.06 

1.90 

1.75 

2.10 
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Miscellaneous  measurements  in  Interior  Basin. 
HUMBOLDT  RIVER  BASIN. 


Date.    I    Hydrographer. 


1902. 

Apr.  22. 

22. 

Jnly  28. 

Apr.  22- 


Stream. 


July  22. 
Apr.  23. 
23. 
July  22. 
Apr.  28. 
July  23. 


D 
C. 

.JD 
,,C. 


V.  Taylor I  Humboldt  River 

..do i  Irish  American  ditch 

W.Hays I do 

V.  Taylor '  Southwest  ditch 


Iiocality. 


Die. 

charge. 


D. 
C. 
D. 


W.Hays j do 

V .  Taylor I  South  Riverside  ditch 

..do I  Rodgers ditch 

W.Hays I do 

V.  Taylor ,  Union  canal 

W.Hays do 


Below  Pitt  dam,  Nov 

Near  head-icates,  Nev 

—  .do 

Wagon  bridge  south  of  rail- 
road, Nev. 

At  Railroad  bridge,  Nev 

At  head-gatee,Nev 

Flume  acroas  river 

.....do 

Box  near  head 

do 


Sec.-fert 

1M.0 

34.: 
24.: 

5.4 
ti.4 

41.: 

230 
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Miscellaneous  measurements  in  Interior  Basin — Ck>iitiniied. 

WALKEB  BIVEB  BASIN. 


Date.         Hydrc^rnipher. 


1900. 
AoK.  8. 
Jaly  26. 
Aug.  7. 
Sept.  83. 
Oct.  4. 
July  24. 

Sept.2S. 
July  23. 


Sept.  10. 


Aug-  21. 
Oct.  6. 
Aug.  21. 
Oct.      4. 

7. 

7. 


7- 
5. 

July  23- 

Aug.  27. 

Oct.     6. 
Avg.2S. 

31. 
Sept.  6. 
July  23. 
Sept.  11. 


July  83. 
23. 

23. 


D.W.Hays  . 
Li.  H.  Taylor 
D.W.Hays  . 

do 

do 

L.H.Taylor 

D.W.Hays  . 
Li.  H.  Taylor 

D.W.Hays  . 


D.  W.  Hays 

do 

do 

dp 

do 

do 


.do 
.do 


L.  H.  Taylor 
D.  W.  Hays  . 


.do 
.do 


do 

do 

L.  H.  Taylor 
D.  W.  Hays  . 


L.  H.Taylor 
do 


do 


Stream. 


West  Fork  and  trihutarie». 

West  Walker  River 

do 


.do 
.do 
.do 
.do 

.do 
.do 


Tuimel  ditch 


East   Walker  and   tribu- 
taries. 


Robinson  Creek 

do 

Bnckeye  Creek . 

.....do 

Somers  Creek  . . 
Green  Creek 


Dogtown  Creek 
Swanger  Creek. 


East  Walker  River. 


do 


..-.do 

Sweetwater  Creek 

East  Walker  River. 

.-..do 

...do 

Walker  River 


Ditches  from  Walker  River. 

Meritt  ditch.  

Mason  Slough 


Slongh 


Locality. 


County  bridge,  Cal 
Hoys  Bridge,  Nev. 

....do 

.....do 

....d6 


Lower  end  Smiths  Valley, 
Nev. 

.—.do 


Wilsons  Ford,  head  of  Ma- 
son Valley,  Kev. 

Prom  West  Walker,  Mason 
Valley,  Nev. 


Below  Twin  Lakes,  Cal. . 

do 

Above  all  diversion,  Cal. 

..-.do 

.....do 


Above  all  diversion  above 
Standard  dam. 

Above  all  diversion,  Cal 

At  bridge  below  Huntoon 
ranch,Gal. 

10  miles  below  Bridgeport, 
Cal. 

5  miles  below  Bridgeiwrt, 
Cal. 


do 


East  Walker  River  toU-road 
crossing,  Nev. 

Webster^s  ranch,  Nev 

..-.do 

Strosnider^s  ranch,  Nev 

Nordyke,  Nev 


Mason  Valley,  Nev 

Headgates,  Mason  Valley, 
Nev. 

At  Mason^s  house,  Nev 


Dis- 
charge. 


Sec-feet. 

S22.0 

225.0 

72.0 

32.0 

44.0 

180.0 

2L0 
113.0 

7.4 


76.7 
24.0 
43.2 
20.0 
4.2 
7.1 

7.1 
6.7 

106.0 

80.0 

58.0 
.65 

66.0 

42.0 

106.0 

14.0 


11.9 
68.8 

7.8 


CARSON  RIVER  BASIN. 


1902. 
Aug.    6- 

6. 

Sept.  fl. 
Aug.  6. 
Sept.  9. 
Aug.  5. 
5. 


C.V.Taylor. 
..-.do 


L.L.Richard 
C.  V.  Taylor. . 
L.L.Richard 
C.  V.  Taylor.  - 
....  do 


do 


Tributaries  of  East  Fork. 
Indian  Creek 


Hawkins  Creek. 


do 

Petersons  Creek.  - . 

do 

Long  Valley  Creek 


At  head  Cohn  and  Harvey 
ditch,  Cal. 

Hawkins's 


i    mile    above 
house,  Cal. 

....do 

Near  old  sawmill,  Cal 

Above  Cohn's  meadow 

Diamond  Valley,  Cal 

do Above    Springmeyer 's 

I     ranch,  Nev. 

do I  Dam  site  of   Long  Valley 

reservoir  site,  Nev. 


0.72 

1.18 

1.10 

1.27 

.41 

4.12 

2.48 

.51 
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Miscellaneous  measurements  in  Interior  Basin — Continiied. 
CARSON  RIVER  BASm-Gontinued. 


Date. 

1902. 
Aug.  0. 
Sept.  9. 
Aug.  4. 
Sept.  8. 
Aug.  4. 

4. 

Sept.  8. 
Aug.  4. 

Sept.  8. 
Aug.  4. 
Sept.  8. 
Aug.  4. 
Sept.  8. 

8. 
Aug.  4. 
Sept.  8. 
Aug.  4. 
Sept.  8. 

8. 
Aug.    4. 


Hydrograpfaer. 


C.  V.  Taylor 

L. 

C. 

L. 

C. 


Stream. 

Tributaries  of  West  F\trk. 
Bruns  Creek 


Sept.  7. 
Aug.  8. 
Sept.  7. 
Aug.  3. 
Sept.  7. 
Aug.  3. 
Sept.  11. 
Aug.  8. 
Sept.  7. 
Aug.  8. 
Sept.  11. 
Aug.  2 
Sept.  11 . 
Aug.   2. 

7. 

I . 

Sept.  6. 

11. 

Aug.  10. 

2. 

Sept.  6. 

11. 

Au:?.    7. 

I . 

m 
I  . 

6. 


L.Richard ' do 

V.  Taylor Fairriew  Creek . 

L.Richard do 

V.Taylor Spring 


Locality. 


I  charge. 


I.Sw, 


Month  of  canyon,  Cat. 

do 

Mouth  of  canyon,  Nev 
do 


L 
C, 

L 
C. 
L 
C. 
L 


..do 

L.  Richard 
V.  Taylor. . 


i  mile  north  of  Heitmsn'^B 
house,  Nev. 

Near  Heitman's  house,  N'ev. 

do 


.do 

-do 

.do '  South  of  Heitman^s  house. 


C. 
L. 
C. 
L 


L.Richard do 

V.Taylor i do 

L.Richard do 

V.Taylor 

L.Richard... 

..do 

V.Taylor 

L.  Richard  . . . 

V.Taylor 

L.  Richard  . . . 

..do 

V.Taylor 


Nev. 

do 

Heitmans,  Nev 
do 


—  1 


L. 
C. 
L. 
C. 
L. 
C. 
L. 
C. 
L. 
C. 
L. 
C. 
L. 
C. 


8.  Sheridan  Creek j  i  mile  from  road,  Nev.. 

do I  Mouth  of  canyon,  Nev  . 

do !  Above  old  house,  Nev  - 

Sheridan  Creek ,  i  mile  above  Sheridan,  N e v 

do I  Near  old  house,  Nev 

Parks  Creek i  In  canyon,  Nev 

do '  Mouth  canyon,  Nev 

Motts  Creek ' do. 


—  1 


do '  }  mile  above  mouth  canvon, 

I      Nev. 

do Kingsbury  Creek '  In  canyon,  Nev 

L.Richard do Bridge  above  old  mill,  Nev. 

V.Taylor '  Gk?noa  Creek |  Above  all  diversions,  Nev. .. 

L.  Richard do '  Mouth  of  canyon,  Nev 

V.Taylor ;  Dressier  Creek ' do 

L.Richard ' do ' do 

V.Taylor I  James  Canyon  Creek , do 

L.Richard ' do I  Balow Qenoa road, Nev 


Month  of  canyon,  Nev  _ . 
Above  Gknoa  road,  Nev. 


V.  Taylor ;  Jacks  Valley  Creek 

L.Richard \ do 

V.Taylor Pedrolls  ditch i  PedrolJs,Nev 

L.Richard ' do..- do 

V.Taylor ,  Clear  Creek do __. 

L .  Richard I do Above  lower  ditch,  Nov 

V.  Taylor '  Kings  Canyon  Ci-eek Above  all  diversions,  Nev . .  _ 

..do ' do I  Robinsons  Box, Nev 

..do do Mouth  of  canyon, Nev 


.   L.L.Richard 

do 

.'  C.V.Taylor.. 
do 


L 
C 


do 

.--.do 

...do 

Ash  Canyon  Creek 


.do 
.do 
.do 


i  mile  above  mouth  canyon 
Nev. 


L.Richard do i  Mouth  canyon, Nev 

..do do ' do 

V.Taylor Walsh  ditch 

..do Muldoon  ditch Head  of  ditch,  Nev. 

..do Water  Co.  ditch..... i do 

..do Thorn  ditch ' do 


-AH 

a.4» 

2.9 
.74 

LW 

LOI 
2.9 


2.  IT 
1.01 
l.% 
l.S 
L41 
3.Qi 

ai: 

2.16 
2.» 

l.» 
1.12 
13 
LSI 
l.U 

.g: 
.so 

2.17 

.9 
.» 
.30 
2.Qe 
l.TS 
2.41 
LOO 

2.n 

SL9B 

2.8D 

aas 

2.7B 

2.T* 
2.2: 

.o: 
.a 
.u 

.46 


NEWELL.]  STREAM   MEASUREMENTS   IN   1902,    PART   IV.  127 

SAN   FRANCISCO    BAY   DRAINAGE  BASIN. 

Sacramento  River,  rising  in  northern  California  and  flowing  south, 
and  the  San  Joaquin,  rising  in  the  southern  sierras  and  flowing  north- 
east, drain  the  western  slope  of  the  Sierra  Nevada,  traverse  what  is 
often  called  the  Valley  of  California,  and  meet  near  Suisun  Bay,  finally 
discharging  their  waters  into  the  Pacific  Ocean  through  San  Francisco 
Bav. 

Sacramento  River  derives  its  water  supply  largely  from  Mount 
Shasta  and  the  surrounding  high  ranges  in  the  extreme  northern 
I)ortion  of  California.  The  stream  does  not  have  the  same  regular 
annual  fluctuations  that  characterize  the  rivers  discharging  from  the 
higher  Sierra  Nevada,  in  that  a  large  part  of  its  basin  is  not  at  an  ele- 
vation sufficient  to  cause  the  winter  snows  to  remain  unmelted  until 
the  summer  months.  The  greatest  floods  of  this  basin  usually  occur 
in  January  and  February,  when  the  snow  is  accompanied  or  followed 
by  rain. 

San  Joaquin  River  is  divided  into  two  distinct  parts.  The  valley 
portion  forms  the  central  drainage  line  of  San  Joaquin  Valley,  and  dur- 
ing the  spring  is  navigable  for  a  hundred  or  more  miles.  The  Stanis- 
laus, Tuolumne,  and  King  rivers  are  the  largest  affluents  of  this  por- 
tion of  the  stream.  Its  valley  is  fertile  and  almost  destitute  of  timber. 
The  mountainous  portion  of  the  stream  drains  the  western  slopes  of 
the  Sierra  Nevada  between  Yosemite  National  Park  and  Mount  God- 
dard,  the  crest  of  its  divide  reaching  an  elevation  on  the  north,  in 
Mount  Lyell,  of  13,000  feet,  and  an  elevation  of  14,000  feet  in  Mount 
Goddard.  The  resulting  steep  grades  of  this  river  offer  exceptional 
opportunities  for  water-power  developments,  and  the  high  elevations 
of  the  basin  insure  a  well-sustained  summer  flow  from  perpetual  snow 
banks. 

The  following  streams  are  tributary  to  either  the  Sacramento  or 
San  Joaquin  rivers: 

Cache  Creek  is  the  outlet  of  Clear  Lake,  in  Lake  County,  Cal. 
Flowing  southeasterly,  its  flood  waters  find  their  way  into  Sacramento 
River  between  the  mouths  of  Feather  and  American  rivers.  In  1889 
Clear  Lake  was  segregated  as  a  reservoir  site,  as  described  in  the 
Thirteenth  Annual  Report,  Part  III,  pages  405-409.  During  1900 
a  hydrographic  examination  of  the  entire  basin  of  Cache  Creek  was 
made  by  A.  E.  Chandler,  whose  detailed  report  has  been  published 
as  Water-Supply  Paper  No.  45. 

Feather  River  is  the  second  largest  tributary  of  Sacramento  River, 
Pit  River  being  the  first.  Its  basin  line  follows  the  crest  of  the 
Sierra  Nevada  for  about  130  miles.  The  rainfall  in  this  basin  is 
large ;  the  mean  for  nineteen  years  at  Mumfords  Hill,  Plumas  County, 
is  71.64  inches;  the  rainfall  for  the  year  1889-90  at  this  point  reached 
138.85  inches.     The  water  collected  by  the  river  when  rains  are  gen- 
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eral  sometimes  causes  tremendous  freshets,  usually  of  short  duration. 
The  river  has  at  such  times  overtopped  its  right  bank  and  overflowed 
the  plain  lands  to  the  northward  of  Sutter  Buttes.  This  occurred  even 
before  the  great  reduction  of  waterway  below  the  mouth  of  Yuba 
River.  The  channel  of  the  river  below  its  junction  with  the  Yuba 
has  become  the  repository  of  so  much  mining  debris  that  its  bed  has 
become  nearl}'^  filled.  Its  bottom  is  almost  at  the  heights  of  its  former 
banks.  Levees  have  been  built  to  prevent  overflowing.  There  is  a 
comparatively  small  portion  of  the  summer  flow  of  this  stream  used 
for  irrigation,  though  the  possibilities  of  irrigation  and  po^wer  develop- 
ment are  great. 

There  are  some  excellent  reservoir  sites  on  the  upper  tributari^  of 
the  North  Fork  of  the  Feather.  This  stream  is  fed  in  part  by  large 
springs,  one  of  which  in  Big  Meadows  was  flowing  109  cubic  feet  per 
second  in  September,  1902,  and  another  64  cubic  feet  per  second. 

Stony  Creek  drains  760  square  miles  of  the  eastern  slopes  of  the 
Coast  Range.  After  reaching  the  Sacramento  Valley  it  flows  north 
for  a  number  of  miles,  contrary  to  the  general  drainage,  and  then 
turns  east  and  enters  Sacramento  River  below  Vina,  Cal.  A  largB 
portion  of  the  basin  near  the  heads  of  the  stream  is  heavily  covewHl 
with  commercial  timber.  There  are  a  number  of  good  reservoir  sit^ 
on  this  stream  and  its  tributaries. 

Tuolumne  River  rises  on  the  western  slope  of  the  Sierra  Nevada  in 
California  and  drains  the  country  between  Stanislaus  River  on  the 
north  and  Merced  River  on  the  south.  The  northern  half  of  Yosemite 
National  Park  includes  a  portion  of  the  drainage  basin  of  this  stream. 
The  river  is  fed  largely  from  small  mountain  lakes  occurring  high  in 
the  drainage  basin,  where  the  snow  remains  on  the  mountain  slopes 
throughout  the  year,  thus  insuring  a  large  run-off.  The  stream  has  a 
heavy  fall,  and  the  opportunities  for  power  development  are  numerous. 
There  are  also  a  number  of  reservoir  sites  in  the  basin  where  flood 
water  could  be  stored  for  use  during  the  irrigation  season.  The  Tuo- 
lumne is  an  important  tributary  of  the  San  Joaquin. 

Merced  River  above  Merced  Falls  drains  approximately  1,090  square 
miles  of  the  western  slopes  of  the  Sierra  Nevada.  There  are  included 
in  the  eastern  portion  of  its  drainage  area  a  large  number  of  hi^^h 
peaks,  the  highest.  Mount  Lyell,  reaching  an  elevation  of  13,042  feet. 
Its  basin  lies  south  of  that  of  the  Tuolumne,  the  courses  of  the  two 
streams  being  nearly  parallel. 

King  River  rises  on  the  western  slope  of  the  Sierra  Nevada,  in 
Fresno  County,  Cal.  The  waters  coming  from  the  high  catehmeDt 
baflin  are  probably  of  greater  value  for  irrigation  purposes  than  those 
of  any  other  stream  in  central  California,  being  used  for  raising  Rrapes 
and  deciduous  fruits  in  the  neighborhood  of  Fresno,  Selma,  and  Han- 
ford.  The  summer  flow  of  the  river  is  now  entirely  diverted  and 
during  the  dry  season  of  the  last  few  years  the  scarcity  of  water  ha* 
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CHused  many  hardships.  In  the  spring  there  is  a  large  surplus,  due  to 
the  melting  of  snows,  which,  if  stored  in  suitable  reservoirs,  would 
bring  larger  areas  under  cultivation.  The  river  has  a  relatively  gentle 
grade,  affording  little  opportunity  for  power  development. 

Tule  River  drains  a  portion  of  the  western  slope  of  the  Sierra 
Nevada.  Its  basin  has  somewhat  less  run-off  than  that  of  Kaweah 
River,  which  joins  it  on  the  north,  and  is  much  less  elevated  and  snow 
covered  than  the  King  River  Basin.  The  water  of  this  stream  is  all 
appropriated  during  the  irrigation  season,  and  a  portion  is  used  in 
irrigating  valuable  orange  lands  in  the  vicinity  of  Portersville,  Cal. 

Kern  River  flows  from  the  southern  end  of  the  Sierra  Nevada,  being 
formed  by  two  large  tributaries,  known  as  the  North  and  South  forks. 
These  have  a  general  southerly  and  parallel  course  and  unite  a  short 
distance  below  the  town  of  Kemville.  The  run-off  from  the  drainage 
basin  as  a  whole  is  notably  less  than  that  from  the  catchment  areas  to 
the  north.  This  is  probably  due  to  i^he  fact  that  a  portion  of  the  basin 
is  to  the  east  of  the  high  crest,  and  is  sheltered  by  the  mountain  mass 
from  the  rain-bearing  winds.  The  waters  of  Kern  River  are  almost 
completely  used  for  irrigation  by  the  large  canals  in  the  southern  end 
of  the  San  Joaquin  Valley.  The  greater  part  of  the  land  is  included 
in  large  holdings  owned  by  the  Kern  County  Land  Company  or  b}-^  the 
Miller  and  Lux  estate.  The  winter  waters  are  in  part  stored  by  the 
^liller  and  Lux  estate  in  Buena  Vista  Lake,  into  which  the  river 
naturally  discharges.  The  waters  of  this  lake  are  controlled  by  a  sys- 
tem of  levees,  so  that  they  can  be  used  during  the  following  summer 
to  irrigate  lands  lying  to  the  northwest.  This  lake  is  very  broad  and 
shallow  and  there  is  great  loss  by  evaporation,  so  that  as  a  matter  of 
economy  it  would  be  desirable  to  hold  this  water  in  the  upi)er  moun- 
tain vallej'^s.     This  would  afford  also  a  large  supply  for  water  power. 

The  fall  of  Kern  River  is  sufficiently  large  for  the  development  of  a 
considerable  amount  of  water  power. 

The  following  is  a  list  of  the  stations  in  the  San  Francisco  Bay 
drainage  basin : 

Cache  Creek  at  Lower  Lake,  Cal. 

Feather  River  at  Oroville,  Cal. 

Stony  Creek  at  Jtilians  ranch,  near  Frato,  Cal. 

Sacramento  River  at  Jelly s  Ferry  and  at  Iron  Canyon,  near  Red  Bluff,  Cal. 

Tuolumne  River  and  Turlock  Canal  at  Lagrange,  Cal. 

Merced  River  above  Merced  Falls,  Cal. 

King  River  at  Kingsburg,  Cal. 

King  River  at  Red  Mountain,  near  Sanger,  Cal. 

Tule  River  near  Portersville,  Cal. 

Kem  River  near  Bakersfield,  Cal. 

San  Joaquin  River  at  Hemdon,  Cal. 
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CACHE  CREEK  AT  LOWER  LAKE,  CAL. 

On  account  of  the  great  importance  of  Clear  Lake  as  a  storage  reser- 
voir, a  gaging  station  was  established  at  the  wagon  bridge  aoroscj 
Cache  Creek,  one-half  mile  north  of  the  town  of  Lower  I^ke,  January 
1,  1901.     The  observer  is  Mrs.  J.  R.  Anderson. 

Evaporation  records  have  been  kept  at  Lakepoi*t  on  Clear  T^ke 
since  February  1,  1901.  The  evaporation  pan  is  3  feet  square  and  1..^ 
feet  deep  and  is  floated  on  a  triangular  raft  anchored  in  a  cove  where 
it  is  not  exposed  to  the  full  force  of  the  wind.  Evaporation  ol>serva- 
tions  were  begun  on  the  land  at  the  same  point  September,  19<">1. 
Capt.  D.  C.  Rumsey  is  the  observer.  A  table  giving  the  evaporation, 
by  months,  from  February,  1901,  to  December  31,  1902,  will  be  found 
in  the  following  pages. 

Discharge  measurements  of  Cache  Creek  at  Lower  Lake^  Oal. 


Date. 


1902. 


January  29 _ 

February  13 

March  3 .  _ 

March  19 _ _ . . 

April  5_  _ 

April  24 ..._ 

May  3 _. 

May  19 j  J.  R.  Anderson 

May  31 ' do 

June  14 do 

July  12  _ do 

July  26  _-. do 


Hydrographer. 


J.  R.  Anderson. 
..._do 


do 

do 

do _ 

do 

S.  G.  Bennett 


August  9 -_ -do 

August  22 do 

September  G _ i do 

September  20 | do 

October  4  _ .  _ | do 

October  20 _ ' do 

November  4 .\ do 

November  19   do  _ _ 

December  19 S.  G.  Bennett 


Feet. 
1.6 


2.  r> 


6.  5 

I  .   4 

6.5 
5.9 
5.2 
4.5 
4.0 
3.6 
3.1 
2.8 


2.5 

2.3 

2.2 

2.1 

2.0 

2.1 

2.8 

2.8 


jyiacbarge. 


Ser*md-f^J 

:•> 

2©* 

1,151 

l.J^ 

i.:iy: 

1.212 

1,^2 

S"iS 

7^' 

ees 

4^-: 

U' 

2SS^ 

2^. 

19:> 

ly. 

1"^ 

>• 

n- 

24'' 

v6'i' 
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l^iily  gage  height,  ijifeet,  of  Cache  Creek  at  lAtvrer  Lake,  CaL 


1. 

li. 

4. 

5. 

6. 

i . 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

a>. 

21. 
22. 
2:^. 
24. 
25. 
2»). 
27. 
28. 
29. 
31). 
31. 


Day. 


I9ue. 


Jan. 

Feb. 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.7 

'    1.6 

1.7 

1.6 

1.8 

1.6 

1.9 

1.6 

2.0 

1.6 

2.1 

1.6 

2.1 

1.6 

3.2 

1.6 

2.4 

1.6 

2.5 

'    1.6 

2.6 

1.6 

2.6 

1.6 

2.6 

1.6 

2.8 

1.5 

2.7 

t    1.6 

2.7 

1.5 

2.8 

1.6 

3.3 

1.7 

3.1 

1.6 

4.6 

1.7 

4.4 

1.8 

6.1 

1.7 

6.0 

1.6 

5.5 

1.6 

5.4 

'    1.6 

1    1.6 

!    1.6 

1 

Mar. 


5.9 
&6 
6.5 
6.5 
6.5 
7.2 
7.0 
8.0 
8.0 
8.1 
8.0 
8.0 
8.2 
8.0 
7.9 
7.8 
7.8 
7.7 
7.7 
7.6 
7.4 
7.4 
7.5 
7.2 
7.2 
7.1 
7.0 
6.8 
6.7 
6.6 
6.5 


6.5 
6.5 
6.5 
6.5 
6.5 
7.0 
6.9 
6.8 
6.8 
6.8 
6.8 
6.7 
6.6 
6.6 
6.5 
6.5 
6.5 
6.5 

6.r> 

6.3 
6.2 
6.0 
5.9 
5.9 
5.8 
5.8 
5.7 
5.5 
5.5 
5.4 


May.  June. 


5.4 
5.3 
5.3 
5.2 

5.1 
5.0 
5.1 
5.1 
5.0 
5.0 
4.9 
4.7 
4.7 
4.8 
4.7 
4.7 
4.7 
4.6 
4.5 
4.5 
4.4 
4.3 
4.3 
4.2 
4.2 
4.1 
4.1 
4.1 
4.1 
4.0 
4.0 


•4.0 
4.0 
3.9 
3.9 
3.9 
3.8 
3.8 
8.8 
3.8 
3.7 
3.7 
3.7 
3,7 
3.6 
3.6 
3.6 
3.6 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.4 
3.4 
3.4 
3.4 
3.3 
3.3 
3.3 


July. 


3.3 
3.3 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.1 
3.1 
3.1 
3.1 
3.1 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
2.9 
2.9 
2.9 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 


Aug. 


2.8 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 


Sept. 


2.4 

2.4 
2.4 
2.3 
2.3 
2.3 
2.3 
2.3 
2.8 
2.3 
2.3 
2.3 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 

2.1 
2.1 


Oct.   Nov. 


Dec. 


2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.0 
2.1 
2.0 
2.0 
2.0 
2.0 
2.1 
2.2 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 
2.1 


2.1 
2.1 
2.1 
2.1 
2.0 
2.0 
2.1 
2.2 
3.7 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.7 


2.7 


2.7  1 
2.7  j 
2.7  i 
2.7 
2.7 


2.7 
2.7 

2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 


Rating  table  for  Cache  Creek  at  Lower  Lake,  Cat,  ^  for  1902. 


1 

Gage 
height. 

1 

DlHcharge.  1 

1 
1 

Secand-feet . 

Gage 
height. 

Feet. 

Discharge. 
Second-feet. 

Gage 
height. 

1 

Discharge. 

—               ^ 
Sec<m(l-feet.< 

Gage 
height. 

-     _    _    . 
Feet. 

Discharge. 

Feet. 

Feet. 

1 

Second-feet  .\ 

1.5      - 

40     ', 

2.6 

250 

4.4 

790     1 

1 

1       6.6 

1,520     ; 

1.6 

52 

2.7 

280     1 

'       4.6 

850 

!   ^-^ 

1,590 

1.7 

64 

1 

2.H 

310     ' 

4.8 

1          910 

,       7.0 

1,660 

1.8 

78    ; 

2.9 

340     1 

5.0 

1           970     1 

7.2 

1,730     , 

1.9 

94     ' 

3.0 

370     1 

5.2 

1,030     1 

1      7.4 

1,800 

2.0 

110    ' 

3.2 

430 

5.4 

'       1,100     ' 

7.6 

1,870 

2.1 

130 

3.4 

490 

5.6 

1,170 

7.8 

1,940 

2.2 

150 

3.6 

1 

550 

1 

5.8 

,       1^240     , 

'      8.0 

2,010    ' 

2.8 

175     1 

3.8 

1 

610     ' 

6.0 

1       1,310     , 

8.2 

2, 080 

2.4 

200     ! 

4.0 

670 

6.2 

1       1,3S0 

1 

2.5 

225 

1 

'      4.2 

730 

1 

6.4 

'       1,450 

1                    i 

1 

1 

132 


STREAM   MEASUREMENTS   IN   1902,  PART   IV. 


[so.  <\ 


EHtimated  monthly  discharge  of  CacJie  Creek  at  Lower  Lake^  Oal, 

[Drainage  area,  500  square  miles.] 


Diischarge  in  aecond-f eet 


Month. 


1902. 

January 

February 

March 

April 

May 

Jtine -  - 

Jnly 

AngTist . . 

September  .   . . 

October 

November...    . 
December 

The  year 


Maximum 


2,080 


Total  in  acre- 
feet. 


Run-off. 


Second-feet  tv»^#*.}« 


3,259 

21,160 

108,587 

84,912 

53, 187 

33,084 

23,365 

14,941 

9,699 

7,809 

15,650 

18, 877 

394, 530 


'yr*'    I 


0.11 

0.  l:i 

.  76  1 

.:» 

3.53  1 

4.0: 

2.85  1 

3.1> 

1.73 

1.9S 

1.11 

1.34 

.  76  I 

.    .* 

.49 

.56 

.33  ' 

a: 

•  25 

.^ 

.53 

.m 

.61 

.> 

1.09 


14.  Ty 


Evaporation  record  of  Clear  Lake  at  Lakeporf,  Col, 

[D.  C.  Bumsey,  observer.] 


1901. 
January  (estimated) 

February 

March 

April 

May 

June 

July 

August 

September 
October  .. 
November 
December 


Evaporation  in 
mches. 


Evaporation  in 
inches. 


Lake. 


Land. 


0.85  ' 

0.s:» 

.25 

.3>» 

'       1.60  , 

l.V' 

3.60  1 

2.:>") 

4.00 

3.?' 

4.65  ' 

5.  l'* 

6.65 

:.+' 

4.40   ' 

4.H". 

4.10   [ 

4.4«' 

1.95  , 

l.H-> 

.45  ; 

.4^ 

.40   1 

M 

31.90  1        3.^4.' 


"September  16  to  89. 
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FEATHER  RIVER  AT  OROVILLE,    CAL. 

At  Oroville,  where  Feather  River  breaks  from  the  foothills  on  the 
western  slope  of  the  Sierra  Nevada  into  the  Sacramento  Valley,  it  has 
a  drainage  basin  of  3,350  square  miles. 

The  minimum  midsummer  discharge,  as  far  as  known,  was  in  1900 
when  the  stream  was  flowing  1,123  second-feet.  Observations  of  daily 
river  stage  were  begun  January  1,  1902,  using  the  rod  of  the  Weather 
Bureau,  which  has  been  in  place  for  a  number  of  years.  Readings 
on  this  rod  have  been  taken  and  rei)orted  by  the  Weather  Bureau 
during  flood  heights  when  there  was  danger  of  overflow  on  the  lower 
Feather  and  Sacramento  rivers.  It  was  found  that  there  would  be 
minus  readings  during  low  stage,  and  2  feet  have  been  added  to  the 
reading  as  observed  on  the  rod.     The  observ^er  is  Miss  Louise  N.  Lee. 

Discharge  measurements  of  Feather  River  at  Oroville,  Cal, 


Date. 


1902. 


Hydrographer. 


January  29 S.  Q.  Bennett 

March  1_ --_ do 

May  7 do 

September  4 C.A.Miller. 

September  10 ' do 

December  18 !  S.G.Bennett 


Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

1.85 

1,960 

8.70 

15,228 

8.75 

15,476 

.96 

1,385 

.92 

1,390 

3. 65 

3,298 
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iv 


•.  ^v 


Daily  gage  height,  in  feet,  of  Feather  River  at  Orovill^^  Cal. 


Daj. 

Jan. 
2.0 

Feb. 

Mar. 

Apr. 
6.5 

May.' 

1 
1 

8.6 

1 

June. 

July. 
2.9 

Ang. 

Sept. 
1.0 

Ot-t. 

1 
0.8  ' 

Nov. 
1.2 

I>- 

1903. 
1 

2.0 

10.7 

7.5 

1.4 

1  -- 

2 

2.5 

2.0 

10.5 

7.0 

7.5 

7.0 

3.0 

1.4 

1.0 

.8 

1.2 

■■ 

3 

2.5 

2.0 

9.5 

8.0 

7.2 

6.5 

3.0 

1.4 

1.0 

.8 

1.2 

• 

4 

2.0 

2.0 

8.8 

10.0 

7.1 

6.3 

3.0 

1.3 

.9 

.8 

1.2  , 

- 

6 

2.0 

3.0 

8.5 

13.0 

7.0 

6.2 

8.0 

1.3 

.9 

.8 

1.2 

i  K 

•6 

2.0 

8.5 

8.3 

14.0 

8.0 

6.2 

2.9 

1.3 

.9 

.8 

1.4 

:•  ■ 

7 

2.0 

9.0 

8.1 

14.0 

8.5 

6.0 

2.7 

1.3 

.9 

.8 

2.0 

!• 

8  

2.0 
2.0 
2.0 

10.2 
11.8 
10.6 

8.2 
8.8 
8.4 

12.8 
11.2 
10.6 

8.4 
8.4 
8.4 

6.0 
5.9 
5.8 

2.5 
2.5 
2.4 

1.3 
1.3 
1.3 

.9 
.9 
.9 

.8 
.H 

.8 

as 
a» 

8,5 

'A  ■ 

9 

4.: 

10 - 

11 

2.0 

9.7 

8.5 

9.2 

8.3 

5.8 

2.4 

1.3 

.9 

.8 

5,3 

1m   1 

12 

2.0 

9.8 

7.4 

8.9 

8.7 

5.7 

2.3 

1.3 

.8 

.8 

3.8 

?.'■ 

13 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

8.8 
7.2 
11.8 
11.3 
12.5 
10.2 

6.9 
6.7 
6.4 
6.4 
0.5 
6.7 

8.7 

8.6 

9.9 

11.5 

11.0 

10.5 

9.0 
8.8 
8.5 
8.4 
H.3 
7.8 

5.5 
5.4 

4.7 
5.0 
4.8 
4.5 

2.2 
2.2 

2.0 
1.9 
1.9 

1.3 
1.3 
1.3 
1.3 
1.3 
1.3 

.8 
.8 
.8 

.8 
.8   ' 

.8 
.8 
.8 
.8 
.8 

3.:> 

3.4 
3.4 

4.0 
6.'> 

•  J 

14  

« .  ■.'• 

15 

:^t 

16 

i' 

17 

4  ' 

18 

.1  ' 

19 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

9.2 

8.6 

9.0 

9.8 

9.5 

13.5 

13.0 

13.8 

13.7 

12.3 

6.6 
6.8 
6.8 
6.6 
6.5 
6.4 
6.3 
6.2 
6.1 
6.0 

9.5 
9.4 
9.8 
9.0 
9.5 
8.2 
7.8 
7.5 
7.4 
7.3 

7.5 
7.3 
7.0 
6.9 
6.8 
6.8 
7.5 
8.0 
7.9 
7.8 

4.3 
4.3 
4.1 
4.1 
4.0 
4.0 
3.8 
3.6 
3.4 
3.3 

1.8 
1.8 
1.7 
1.8 
1.7 
1.7 
1.6 
1.6 
1.6 
1.5 

1.3 
1.3 
1.3 
1.2 
1.2 
1.2 
1.1 
1.1 
1.1 
1.1 

.«   1 
.8  1 
.8  ■ 
.8 

V 
.« 

•8  I 

.8 
.8 
1.3 
1.8 
1.9 
3.3 
3.4 
1  •» 

1-2 
1.2 

&:> 

5,5 

45 

a2 

3.1 

ai 

2.9 
2.5 
2.1 
1.9 

.1-' 

20 

:r^ 

21 

:\i 

22 

23  

Ml 

24 

■{' 

26 

S 

26           

4  ■ 

27 

11   ■ 

28 

*.'' 

29 - 

2.0 

6.0 

8.0 

7.5 

3.2 

1.5 

1.0 

1 

1.2 

1.7 

-  4 

30 

2.0 
2.0 

5.9 
5.9 

7.8 

7.3 
7.0 

3.0 

...... 

1.5 
1.4 

1.0 
1.0 

.8 
1 

1.2 
1.2 

1-5 

.t 

31 ---. 

4.-' 



Rating  table  for  Feather  River  at  Oroville,  CaL^for  19i)^, 


(*age 
height. 

1 

DiHcharge. 

1 

C4age 
height. 

Feet. 

DiiM^harge. 
Second-feet. 

Gace 
height. 

DiHcharge. 

height. 

1  I>i«cbartfr 

1 

Vvet. 

1 
Second-ff't't. 

Feet. 

Second-feet. 

Feet. 

Stftr>nd-/*  *  t 

0.8 

1,300 

3.0 

2, 750 

5.2 

5,660 

9.5 

18,  9CK) 

1.0 

1,400    ' 

3.2 

2, 950 

5.4 

6,020 

10.0 

.21.2«M) 

1.2 

1,510     ' 

3.4 

3,150 

5.6 

6,400 

10.5 

23.  rn"¥i 

1.4 

1,620 

3.6 

3, 365 

5.8 

6,800 

11.0 

25,  S^iO 

1.6 

1 . 7.35 

3.8 

3.595 

6.0 

7,200 

11.5 

28,  l««i 

1.8 

1 ,  855 

4.0 

3, 825 

6.5 

8,300 

12.0 

30,44H» 

3.0 

1,975     , 

4.2 

4,095 

7.0 

9,500 

12.  r> 

32.  TiN> 

2.2 

2,115     ' 

4.4 

4, 365 

7.5 

10,900 

13.0 

35.<XM> 

2.4 

2, 255 

4.6 

4.660 

1      8.0 

12,500 

14.0 

39,  (VM) 

2.0 

2,410 

4.8 

4,980 

1       8. 5 

14,400 

2.8 

2, 580 

5.0 

5, 300 

9.0 

16,600 

1 
1 

NEWEI.L.] 


SAN    FRANCISCO    BAY    DRAINAGE   BASIN. 


135 


Estimated  inoHthly  discharge  of  Feather  River  at  Oraville^  Cal. 

[Drainage  area,  3,360  aquare  miles.] 


Montli. 


1902. 

January 

February 

March 

April 

May 

June  _    ... 

July  _ 

August  .      -    - 
Sei)tember 

October 

November - 

December 

The  year 


Discharge  in  second-feet. 


Maximum,  i  Minimum 


I 


2,325 

38,680 

24,420 

39,600 

16,600 

10,900 

2, 750 

1,620 

1,400 

3, 150 

14,400 

25, 800 

39, 600 


Mean. 


1,975 
1,975 
7,000 
8,300 
9,020 
2, 750 
1,620 
1,400 
1,300 
1,300 
1,510 
1,565 


1,998 

19,545 

11,148 

19,485 

12,110 

5,609 

2,098 

1,535 

1 ,  323 

1 ,  503 

3,481 

6,287 


Run-off. 


Total  in  acre-  i 

'  ^  mX       I   i"«^««- 


122, 852 

1,085,474 

685, 464 

1,159,438 

744,615 

833, 759 

129, 001 

94, 383 

78,724 

92,416 

207, 134 

386, 573 


7,177     5,119,833 


0.69 

6.07 

3.84 

6.49 

4.16 

1.86 

.73 

.53 

.44 

.52 

1.16 

2.17 


28.66 


STONY   CREEK  NEAR  FRUTO,  CAL. 

On  January  30,  1001,  a  gaging  station  was  established  by  Burt  Cole 
at  Julian's  ranch,  G  miles  northwest  of  the  town  of  Fruto,  Cal.,  to 
determine  the  amount  of  water  available  for  storage.  The  observer 
is  Mrs.  Lee  Julian. 

During  1902  the  following  discharge  measurements  were  made  by 
S.  G.  Bennett: 

January  26:  Gage  height,  3.90  feet;  discharge,  126  second-feet. 
February  28:  Gage  height,  10.00  feet;  discharge,  7,336  second-feet. 
May  8:  Gage  height,  5.33  feet;  discharge,  1,080  sec^ond-feet. 
September  24:  G«ge  height,  3.00  feet;  discharge,  14  second-feet. 
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Daily  gage  height,  in  feety  of  Stony  Creek  at  Julianas  ranch,  near  FrutoJ'di. 


Day. 


Jan. 


190e. 

1 '  4.0 

2 4.1 

3 4.0 

4 4.0 

5 4.0 

8 «.9 

7 a.9 

8 3.9 

9 8.9 

10 3.9 

11 3.9 

12 3.9 

18 '  8.9 

14 3.9 

16 8.9 

16 !  8.9 

17 1  8.9 

18 .'  3.9 

19 1  8.9 

20 1  3.9 

21 3.9 

22 '  4.0 

23 4.0 

24 1  4.0 

25 8.9 

28 '  3.9 

27 3.9 

28 3.9 

29 3.9 

30 3.9 

81 3.9 


Feb. 


Mar. ,  Apr.  May.  June. 


3.9 

4.0 

4.0 

3.9 

4.0 

4.7 

8.9 

7.5 

7.5 

7.9 

8.8 

7.5 

7.0 

7.2 

8.8 

7.5 

7.4 

8.7 

8.7 

6.9 

7.8 

8.3 

10.1 

13.2 

12.8 

11.2 

12.4 

10.1 


9.2 

9.8 
8.3 
7.9 
7.3 
7.8 
7.8 
8.8 
8.4 
7.5 
7.3 
7.0 
7.0 
7.0 
7.0 
7.0 
6.9 
8.8 
8.8 
6.8 
8.5 
6.5 
5.6 
5.8 
5.5 
6.5 
5.4 
6.4 
5.4 
5.4 
5.4 


5.4 
6.5 
5.8 
5.7 
5.8 
7.0 
8.5 
7.8 
7.3 
7.0 
8.8 
8.5 
6.0 
8.1 
8.1 
8.0 
6.9 
5.8 
6.7 
6.8 
5.7 
6.6 
5.8 
5.6 
6.6 
6.4 
6.3 
6.3 
6.2 
5.1 


6.1 
6.0 
4.9 
4.9 
4.8 
4.8 
6.3 
6.6 
5.4 
6.3 
6.2 
6.3 
6.3 
6.3 
6.1 
6.0 
6.0 
6.0 
4.9 
4.8 
4.8 
4.7 
4.7 
4.6 
4.6 
4.6 
4.5 
4.6 
4.4 
4.6 
4.8 


4.6 
4.5 
4.4 
4.4 
4.4 
4.3 
4.8 
4.3 
4.2 
4.2 
4.1 
4.1 
4.1 
4.0 
4.0 
8.9 
3.8 
8.8 
3.7 
3.8 
3.6 
8.4 
8.4 
8.8 
8.3 
8.2 
2.8 
2.8 
2.8 
2.8 


2.9 
2.9 
2.9 
2.9 
2.9 
2.8 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 

o  7 

M.    i 

2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 


Sept.'  Oct.  Nov.    Der. 


1 


2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.1 
2.7 


I 


T    I 


2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 


2.8  I 

2.8  I 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 

2.9  ^ 
2.9  I 
2.9  I 
2.9  I 
2.9  1 
2.9  I 
3.0  1 

3.0  ; 

3.0  ' 
8.0  I 
3.0  ' 
3.0  I 
3.0  I 


3.5  i 

:i.5 

3.5  , 

3. 5 
3.5 

3.5 : 

3.5 

3.6  ' 
3.6 
3.6 

a6 

3.6 

3.6  < 
3.T  ; 
3.7 

3.7  , 
3.7 
3.7 
3.7 

8.7  . 
3.7 

3.8  , 

3.8  , 

4-3  . 

4.1 
4.0 
4.0  \ 
4.0 

3.9  ' 


a9 
a9 

3.9 

a  9 

S.9 

4  0 
4.0 
4..H 
8.7 
7.i« 
6.7 
6.1 
6.0 
5.9 
5.9 
5.9 
60 


7.2 


7.8 
7.1 
6.7 
6.6 
6.5 
65 
6.4 
6.4 
6.3 
6.2 
6.1 
6.0 


^i  7 
'l? 

.1  ■ 

•■  t 

s.: 

5 ' 
5.«> 
5.«« 

i'» 

34 
at 

5.; 


5i 


3.: 
St 

s.: 

5* 


Rating  table  for  Stony  Creek  at  J^iliaiVs  ranch,  near  Fnito,  Cal.,  for  19^' J. 


Gaee 

heijfht. 

1 
Discharge. 

Secotid-feet. 

Gage 
height. 

Discharge. 
Second-feet. 

1 

1     Qage 
'  height. 

1 

i  Discharge. 

1 

<     Oaee 
height. 

Feet. 

DischarRt". 

1 

Ff'et. 

Feet. 

Feet. 

1  Second-feet. 

^  St-rand-ft^t 

2.8 

5     , 

4.6 

370 

1       6.4 

1     i,8a5 

8.5 

4, 6S*) 

3.0 

14     , 

4.8 

490 

6.6 

2,050 

9.0 

1        5, 510 

3.2 

27     1 

5.0 

620 

6.8 

2,275 

1       9.5 

j        6,410 

3.4 

44 

5.2 

765 

7.0 

1       2.510 

'     10.0 

.        7,400 

3.6 

67 

5.4 

920 

7.2 

2,765 

,     10. 5 

8,400 

3.8 

94 

5.6 

1,080 

7.4 

1      3,035 

11.0 

9, 45<» 

4.0 

125 

5.8 

1,250 

1      7.6 

1      8, 315 

•     11.5 

10,550 

4.2 

185     ■ 

1 

6.0 

1,430 

1       7. 8 

'      3, 605 

12.0 

ll,70t) 

4.4 

270     1 

1 

6.2 

1,625 

8.0 

1 

1      8,900 

1     18. 0 

14, 150 

SKVTEUJl 
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Entiuiated  inonthly  discharge  of  Stony  Creek  at  Julian's  ranchy  near  Fruto,  Cal, 

[Darinage  area,  760  square  xnileB.] 


Month. 


Discharge  in  second-feet. 


Maximum.   Minimum.    I  Mean. 


19()2. 

January 

February  ... 

March 

April  _  _ 

May 

Jtme .  - . 

July 

August 

September  .. 

October 

November .  _ . 
December  . . . 


The  year 


150 

14,650 

7,000 

4,680 

1,000 

370 

9 


5 


14 

225 

5, 005 

2, 765 

14, 650 


109 
109 
920 
690 
270 


5 


2 

2 

5 

55 

109 

690 


114 

4,201 

2,588 

1,522 

578 

132 

3 

3 

9 

92 

1,584 

1,132 


997 


Total  in 
acre-feet. 


7,010 

233, 312 

159, 130 

90, 565 

35, 540 

7,  W)5 

184 

184 

536 

5,657 

94, 255 

69,604 


703, 832 


Run-off. 


Second-feet 

persauare 

mile. 


0.15 

5. 53 

3.41 

2.00 

.76 

.17 

.00 

.00 

.01 

.12 

2.08 

1.49 


Depth  in 
inches. 


1.31 


0.17 

5.76 

3.93 

2.23 

.88 

.19 

.00 

.00 

.01 

.14 

2.32 

1.72 


17.35 


SACRAMENTO   RIVER  AT  JELLYS  FERRY  AND   AT  IRON   CANYON,  NEAR 

RED   BLUFF,  CAL. 

The  gaging  station  at  Jellys  Ferry,  which  is  located  12  miles  above 
the  town  of  Red  Bluff,  was  established  April  30, 1895.  The  right  bank 
of  the  river  is  high,  but  the  left  bank  is  liable  to  overflow  when  the 
river  rises  above  the  25-foot  mark.  The  river  has  been  known  to  reach 
the  33-foot  mark.  Because  of  the  liability  to  overflow,  it  was  deemed 
advisable  to  select  a  new  gaging  station  where  the  water  at  flood  stage 
would  be  more  confined.  A  point  in  Iron  Canyon,  where  the  river  had 
been  gaged  by  the  State  engineering  department  in  1870  and  by  the 
commissioner  of  public  works  in  1803-94,  was  chosen  as  a  new  gaging 
station.  The  river  stage  rod  used  by  the  commissioner  of  public 
works  was  still  in  place  and  has  been  used  in  making  river  height 
observations  since  January  28, 1902,  the  date  upon  which  the  observa- 
tions were  begun.  The  river  at  this  point  in  lower  portion  of  Iron 
Canyon,  4  miles  above  Red  Bluff,  has  a  direct  course  for  2  or  3  miles. 
The  width  between  banks  at  low  water  is  about  500  feet.  The  depth 
of  water  at  low  stages  averages  G  feet  with  a  maximum  depth  of  9  feet. 
The  banks  are  steep  and  firm.  The  river  flows  in  a  bed  of  coarse 
gravel  and  cobbles  with  here  and  there  a  small  bowlder.     The  bed 
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rock  is  lava.  Discharge  measurements  are  made  from  a  cable  J^OO 
feet  long,  which  is  anchored  in  the  lava  rock  that  forms  the  iirall  of 
the  canyon.  The  observer  at  Jellys  Ferry  was  A.  A.  Sergison;  at 
Iron  Canyon,  F.  A.  Wilcox. 

Daily  gage  height,  in  feet,  of  Sacramento  River  at  Jellys  Ferry,    near  Red 

Bluff,  Cal. 


Day. 

Jan. 

1 

1902. 

5.7 
6.0 
6.3 

5.8 
5.8 
5.8 
5.7 
5.7 
5.7 

R.    •* 

5.  t 
5.6 

2 

8 : 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13. 
14. 
16. 
16. 
17- 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
28. 
27. 
28. 
29. 
30. 
31. 


Feb. 


5.6 
5.5 
5.5 
5.6 
5.5 
5.5 
5.4 
5.6 
5.9 
5.9 
5.8 
6.2 
5.9 
5.T 
5.6 
5.5 
5.5 
5.5 
5.5 


5.5 
5.8 
5.5 
6.5 
8.1 
9.4 
16.0 
21.9 
25.2 
32.6 
29.6 
26.0 
19.3 
18.3 
28.8 
23.6 
23.1 
20.0 
17.5 
15.5 
17.1 
20.8 
21.2 
32.7 
32.0 
28.8 
^.9 
21.3 


Mar.   I  Apr. 


19.6 

21.3 

16.7 

15.3 

14.2 

17.6 

15.8 

19.8 

21.9 

17.1 

16.1 

14.0 

15.1 

12.6 

11.9 

11.4 

11.1 

10.9 

11.0 

10.4 

10.6 

10.2 

10.8 

9.9 

9.6 

9.4 

9.2 

9.0 

8.9 

8.9 

8.9 


9.0 

9.1 

9.7 

11.2 

10.9 

11.3 

18.3 

17.6 

14.5 

13.0 

12.4 

11.5 

11.0 

10.9 

10.9 

10.8 

10.9 

10.9 

11.3 

11.0 

10.6 

10.1 

9.8 

9.6 

9.8 

9.3 

9.2 

8.9 

10.7 

10.4 


May.  I  June. 


.-  I 


1 


I 


1 


11.4  ' 

10.5  \ 
9.9  ' 
9.7 
9.4 
9.6 

11.5 
11.1 
10.. 
10.5 
10.2 

9.9 
10.6 
U.T 
12.3 
11-1 
10.6 
10.2 

9.7 

9.4 

9.1 

8.9 

8.8 

8.8 

8.8 

8.8 

9.1 

9.1 

8.9 

8.5 

8.4 


! 


S.3 
81 
T.S 
T.6 
7.8 
7.6 
7.5 


7.S 
7.fi 
T  4 

"  a 
•  .•> 

7.3 

7.0 

•»  ^ 
oiL    4 

6.6 
&5 

ns 

&4 

&i 

6--i 
Kt 

6l1 
&! 

6.U 


N'EWELL.] 
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Hating  table  for  Sacramento  River  at  Jellys  Ferry,  CaL.for  190J. 


Gage 
height. 

!  Discharge. 

1 

GaTO 
height. 

1 

1 
Discharge,  l 

Gage 
height. 

Discharge. 

.     Gaare 
height. 

Discharge. 

Keef. 

Second-feet. 

i     Feet, 

Second- feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

4.0 

.       2,400 

6.8 

8,070 

12.0 

24,400 

22.0 

76,800 

4.2 

!       2,670 

7.0 

8, 630 

12.5 

26,400 

23.0 

88,400 

4.4 

2, 970     , 

1 

7.2 

9,200 

13.0 

28,400 

24.0 

90,000 

4.6 

3,290 

7.4 

9,800 

13. 5 

30,400    1 

25.0 

96,600 

4.8 

3,630 

7.6 

10,400 

14.0 

32,400    i 

26.0 

103, 200 

5.0 

3,980 

7.8 

11,000 

14. 5 

34, 600 

27.0 

109, 800 

5.  2 

4,360 

8.0 

11,600     1 

15.0 

36,800    , 

28.0 

116,400 

5.4 

4,760 

8.5 

13,100     ' 

15.5 

39,200 

29.0 

123,000 

5.6 

5, 170 

1       9.0 

14,600    1 

16.0 

41,600 

30.0 

129,600 

5.H 

5, 590 

1       9.5 

16,100 

17.0 

46,600 

31.0 

136, 200 

6.0 

'       6, 030 

10.0 

17,600 

18.0 

52,300 

32.0 

142,800 

6.2 

,       6, 500 

1     10. 5 

19,200     ' 

19.0 

58, 200 

33.0 

149,400 

6.4 

7,000 

11.0 

20,800 

20.0 

64,200 

34.0 

156, 000 

6.6 

'       7. 530 

1 

!     11.5 

22,600     1 

1 
1 

21.0 

70,400 

35. 0 

162,600 

Estimated  monthly  dineharge  of  Sacramento  River  at  Jellys  Ferry,  near  Red 

Bluff,  Cal, 

[Drainage  area,  9,134  Hquare  miles.] 


Montli. 


1902. 

January  

February  _ . . 

March 

April     _ .    - . . 

May 

June 


Discharge  in  Hecond-fe^t. 


Maximum. 


6, 750 
147,420 
76.160 
54,070 
25, 600 
12,500 


Minimum. 


4,760 

4,965 

14, 300 

14, 300 

12, 800 

6,030 


Mean. 


5, 376 
69, 423 
31.213 
22, 0J>6 
17,453 

8, 758 


Total  in 
acre-feet. 


330, 557 

I  3, 855, 558 

1,919,213 

1,314,803 

I  1,073,143 

521,137 


Run-off. 


Second-feet 

per  sauare 

mile. 


0.59 

7.60 

3.42 
o  40 

1.91 
.96 


Depth  in 
inchee. 


0.68 
7.91 
3.94 
2.70 
2.20 
1.07 
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Discharge  vieasurements  of  Sacramento  River  at  Iran  Canyon,  near  Rett  Bluff,  ( Wi 


Date. 


1901. 


Hydrographer. 


Gage 
height. 


Diarhar?^ 


Octol)er:i() !  S.G.Bennett 

December  18 _ do 


Feet.        Srrondf**' 

1.02  I  o.K 


1902.  , 

I 

January  28 ' do 

Febmary  12 '  Wm.  F.  Luning. 

March  3 ...|  S.  G.  Bennett... 

May  10 ' do 


September  13. 
December  31 


C.  A.  Miller.. 
S.  G.Bennett. 


2.68 

1.35 
20.60 
10.60 

5.50 
.84 

3.30 


9.fvi. 
110.>'l'4 

4i..'):i' 

ls.t»2T 
9.  ^> 


Daily  gage  height,  in  feet,  of  Sacramento  River  at  Iron  Canyon,  near  Rfd 

Bluff,  CaL 


Day. 


1902. 


Jan. 


6. 


8. 

9. 
10. 
11. 
12. 
13. 
14- 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 


24.... 

26... 
26... 


Feb. 


1.3 

1.3 

1.3 

1.3 

3.6 

4.4 

9.4 

15.2 

17.4 

23.6 

22.7 

23.0 

14.1 

14.8 

17.5 

16.6 

16.0 

13.0 

11.0 

10.0 

11.3 

13.2 

15.3 

24.8 

24.0 

24.1 


Mar. '  Apr. 


12.3 

11.0 

9.4 

9.0 

8.0 

9.3 

9.8 

13.0 

14.0 

10.0 

9.0 

8.0 

7.5 

7.0 

6.8 

6.2  ' 
6.0  , 
6.0  I 
6.0  I 
5.7  ' 

5.3  I 
5.2 
5.1 
5.0 
4.8 
4.7 


4.2 

4.5 
4.8 
4.9 
6.8 
6.0 
12.7 
11.0 
9.7 
7.6 
6.7 
6.0 
5.9 
5.9 
5.9 
5.9 
5.9 
5.9 
6.3 
6.3 


May.  Jime.  July. 


•J.  o 


5.5  ! 
5.4  I 

5.0  I 

5.1  I 
5.0 


5.8 
6.0 
6.0 
5.0 
4.8 
4.7 
6.5 
6.8 
5.9 
5.8 
5.4 
5.3 
5.2 
6.7 
6.8 
5.7 
6.5 
5.5 
4.8 
4.8 
4.2 
4.8 
3.0 
4.4 
4.4 
4.4  I 


4.0 
4.0 
4.0 
8.5 
8.2  ' 
3.2  I 
3.2  I 
8.2  I 
3.2  , 
8.0  ' 
8.0  > 
8.0 

a.o  I 

3.0  i 
8.0  I 
3.3 
3.2  I 
2.6  I 
3.0  I 
2.9  I 
2.8  I 
2.7 
2.6 
2.5 
2.4 
2.3 


27- 

20.3 

4.5 
4.4 
4.3 
4.2 
4.2 

5.0 
5.0 
4.5 

5.8 

...... 

4.3 : 

4.3  1 
4.2  , 
4.2  j 
4.3 

2  2 

28 

29 

a) 

1.3 
1.3 
1.3 
1.3 

14.6 

2.0 
1.9 
1  9 

31 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1. 

1. 

1 

1 

1 

1 

1 

1 

1 

1 


Aug.  Sept 


Ot-t.  I  l^av.   Da- 


1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.8 
1.3 
1,3 
1.3 
1.8 
1.3 
1.2 
1.2 
1.2 
1.2 


1.1 
l.C 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

,.ol 

1.0  , 
1.0  I 
1.0 
1.0' 


1.0 
1.0  ! 
1.0  ' 

-I 
1.0, 

1.0  I 

1.0' 

1.0 

1.0  [ 

1.0, 

1.0  I 

1.0 

1.0 

1.0  ' 

I 

1.0 

1.0 ! 

1.0  , 
1.0  , 
1.0  1 
1.0  I 
1.0  I 
1.7 
1.7 
3.5 
3.4 
2.5 
1.8  ' 
2.0 
1.7 

1" 
1.7 


1.4 
1.5 
1.5 
1.4 
1.3 
1.3 
1.8 
4.9 
17.5 
21.4 
8.5 
5.9 
.5.0 
«x3 
5.5 
6.0 
6.7 

5.8 
5.2 
5.0 
4.5  1 
4-0 

a7 

3.5 
3.4 

ao 

2.8 

2.: 

2.6 


1« 

2  4 
tk 
i^ 

3" 
6'' 

5.-> 

If  ' 

J»n 

T  V 
T  J 

49 

<: 

4.1 

a." 

a* 
%- 

a** 

:v' 

3." 
ft 

7" 
61 
hi 
li 


I 


NE-WELL.] 


SAN    FRANCISCO    BAY    DRAINAGE    BASIN. 


141 


Rating  table  for  Sacraniento  River  at  Iron  Canyon,  near  Red  Bluffs  Col.,  for  1902, 


^^t.     »l«c«'«'*«    ,  hS^il   :  Dl^h^K*- 


Oaape 
height. 


Dtacharg^.     ^GW 


Discharge. 


F'tff't. 

Second-feet.  ^ 

Feet. 

Second-feet. 

1 

1     Feet. 

Second-feet. 

Feet. 

Second-feet 

1.0 

5,000 

5.0 

17,100 

1       9.0 

34,300 

1      13.0 

55, 600 

1.2 

5,440 

5.2 

17, 900  ' 

9.2 

35, 260 

13.2 

56,800 

1.4 

5,880  ; 

5.4 

18, 700 

1      9.4 

86,220 

13.4 

58,000 

1.6 

6,340    1 

5.6 

19,500 

'      9.6 

37,180 

1     13.6 

59,220 

1.8 

6,820    ; 

5.8 

20,300 

9.8 

38,140 

'     13.8 

60,460 

2.0 

7,300 

6.0 

21,100 

1     10.0 

39,100 

14.0 

61,700 

2.2 

7,840 

6.2 

21,940 

'     10.2 

40,100 

1    14.5 

64,900 

2.4 

8,380    1 

6.4 

22, 780 

10.4 

41,100 

15.0 

68,200 

2.6 

8,950    ' 

6.6 

23,620 

10.6 

42,120 

15.5 

71,600 

2.8 

9, 550 

6.8 

24, 460 

10.8 

43,160 

16.0 

75,100 

3.0 

10,150     1 

7.0 

25,300 

11.0 

44,200 

;     16.5 

78,600 

10,790 

7.2 

26, 180 

11.2 

45,280 

1     17.0 

82,200 

;   3.4 

11,430 

7.4 

27,060 

11.4 

46,360 

1     18.0 

89,700 

3.6 

12,090 

7.6 

27, 940 

11.6 

47, 460 

19.0 

97,600 

3.8 

12, 770 

7.8 

28, 820 

11,8 

48, 580 

20.0 

105, 900 

1        4.0 

'     13,450    ' 

H.O 

29,70(f 

12.0 

49,700 

21.0 

114,600 

;       4.2 

1     14,150 

8.2 

30, 620 

'     12.2 

1 

50,860 

1     22.0 

123,700 

1        4.4 

14,850    1 

8.4 

31,540 

,     12.4 

52, 020 

1     23.0 

133, 200 

1        4.6 

1     15,580 

8.6 

32, 460 

1     12.6 

53, 200 

24.0 

143,100 

4.8 

16,340    1 

1 

8.8 

33, 380 

12.8 

54,400 

1     25.0 

153, 400 

Esfiffutted  numthly  discharge  of  Sacramento  River  at  Iron  Canyon,  near  Red 

Bluffy  Cal. 

[Drainage  area,  9,295  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maximum.    Minimum. 


Total  in 
acre-feet. 


Run-off. 


Mean. 


1902. 

January  " 

February  

March 

April  _ 

May 

June  — 

July  - 

August  -- 

September 

Octoljer 

November 

December 

The  year. 


6, 750 

151.320 

61,700 

53, 800 

24,460 

13, 450 

7,060 

5,880 

5,220 

11,750 

118,200 

39,100 


151,320 


4,760 

5,660 

14, 150 

14, 150 

10, 150 

7,060 

5,880 

5,440 

5,000 

5,000 

5,660 

8.110 

4,760 


5, 376 

69, 154 

27,371 

21,992 

17, 803 

9,998 

6,192 

5,674 

5,007 

5, 931 

19, 767 

17, 506 


I  Second-feet 
I  per  square 
mile.       I 


Depth  in 
inches. 


17,648 


12,497,206 
a  Discharge  at  JollyH  Ferry  for  January. 


330, 557 

3,840,619 

1,682,977 

1,308,615 

1,094,664 

594, 922 

380, 731 

348,881 

297, 937 

364, 683 

1,176,218 

1,076,402 


0.59 

7.44 

2.94 

2.37 

1.92 

1.08 

.67 

.61 

.54 

.64 

2.13 

1.88 

1.90 


0.68 

7.75 

3.39 

2.64 

2.21 

1.20 

.77 

.70 

.60 

.74 

2.38 

2.17 

25. 23 


^ 
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TUOLUMNE   RIVER  AT  LAGRANGE,  CAL. 

The  station,  established  August  29,  1895,  is  located  at  the  wa^ui 
bridge  in  the  town  of  Lagrange,  Cal.  It  is  below  the  hlgli  dam  of  th 
Turlock  and  Modesto  irrigation  districts  and  also  below  the  head  o' 
the  canal  of  the  Lagrange  Ditch  and  Hydraulic  Mining  Company, 
which  diverts  water  from  the  left  bank  of  the  river  15  miles  abov* 
Lagrange  dam.  The  flow  through  this  canal  for  1902  ivas  between 
4  and'  5  cubic  feet  per  second. 

The  channel  at  the  gaging  station,  both  above  and  below  the  bridgv. 
is  straight  for  several  hundred  feet  and  the  velocity  of  the  stream  h 
quite  uniform.  Both  banks  are  high  and  not  subject  to  overflnw. 
For  the  last  few  years  the  channel  seems  to  be  gradually  washing  ont. 
The  observer  is  Annie  P.  McGinn. 

During  1902  the  following  discharge  measurements  were  made  hj 
S.  G.  Bennett  and  L.  M.  Lawson : 

March  6:  Second-feet. 

Gage  height.  6.00  feet;  discharge __   2, 351 

Turlock  Canal _• __        103 

Lagrange  Ditch  and  Hydraulic  Mining  Company's  canal .  _  5 

Total-.   ..    2,459 

May  13: 

Gage  height,  8.85  feet;  discharge.    . . 9, 476 

Turlock  Canal _ 2.53 

Lagrange  Ditch  and  Hydraulic  Mining  Company's  canal.  _  5 

Total _.   9,734 

August  27: 

Gage  height,  8.50  feet;  discharge 15 

Turlock  Canal _._ _ 105 

Lagrange  Ditch  and  Hydraulic  Mining  Company's  canal. .  4 

Total 124 
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Daily  gage  height,  in  feet,  of  Tuolumne  River  at  Lagrange,  Cal. 


Day. 

Jan. 

1 

19Q2 

4.4 

2 

3 

4.3 
5.0 
5.1 
4.8 
4.6 
4.5 

4 

a _ 

6 

4 

8 

4.4 

Jan.    Feb.  Mar.  i  Apr.  I  May.  June.  July.  Aug.  Sept 


9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 


4.5 
4.7 
4.6 
4.5 
4.5 
4.5 
4.5 
4.4 


.  I 


I     . 


4.4 
4.4 
4.4 

4.4 
4.4 
4.3 
4.4 
4.4 
4.9 
4.8 
4.8 
4.8 
4.8 
4.8 
5.0 
5.6 


6.0  : 

6.7  I 

6.5  I 
6.1' 
5.9  I 
5.9  j 

5.8  I 

6.3  I 

7.4  I 

6.6  I 

6.1  i 
6.1  I 
6.0 
5.9 
5.7 
5.7 


17 

18 

4.4 
4.4 
4.4 
4.3 
4.4 
4.3 
4.2 
4.3 
4.4 
4.5 
4.4 
4.3 
4.4 
4.4 
4.3 

1    5.5 

1    5.4 

1    5.4 

1    6.3 

5.2 

'    5.7 

5.5 

5.8 

6.4 

7.3 

7.7 

7.6 

5.7 
5.8 
5.7 
5.5 
5.5 
5.5 
5.7 
5.7 
5.5 
5.5 
5.4 
5.5 
5.7 
5.7 
5.6 

19 

20 _ 

21 ... 

22 

33 : 

24 

25 

28 

27 

28 

29 

'SO 

31 

5.6 

5.6 

5.5 

5.6 

5.8 

6.6 

9.2 

8.9 

7.6 

7.1 

6.9 

6.8 

6.9 

7.1 

7.2 

7.3 

7.4 

7.6 

7.8 

8.5 

8.0 

7.6 

7.2 

6.9 

6.0 

6.0 

5.6 

6.0 

6.1 

&.5 


I      T 


6.8 
6.6 
6.6 
6.5 
6.8 
7.0 
7.4 
8.1 
8.4 
8.4 
8.3 
8.0 


I 


1. 1 
7.2 
7.1 
7.4 
7.7 
7.9 
7.7 
8.0 
8.9 
8.7 
8.4 
8.6 


7.7 

'    8.5 

7.4 

8.0 

7.3 

7.8 

7.4 

7.7  1 

7.5 

7.6' 

7.5 

7.3  1 

7.2 

7.4  1 

6.6 

7.5 

6.2 

7.6 

6.1 

7.5 

6.3 

7.5 

6.8 

7.3' 

7.1 

7.1 

8.0 

7.0, 

8.5 

6.8  1 

8.9 

6.4  1 

8.6 

6.4 

8.8 

6.4 

8.9  I 

6.2  i 
6.1  ! 
5.9  i 
5.9  I 
5.5  l' 
5.5 

5.3  I 
5.2 

5.3 

I 

5.4  , 
5.4 
5.3 
5.3 
5.2 
5.1 
5.2 
5.1 
4.9 
4.9 
5.0 
5.0 
4.9 
4.8 
4.8 
4.8 
4.8 
4.7 
4.6 
4.7! 
4.7  i 

4.5  I 

I 


4.4 
4.4 
4.2 
4.1 
4.0 
3.8 
3.9 
3.8 
4.1 
4.0 
3.8 
4.0 
4.1 
4.1 
4.2 
4.1 
4.0 
8.9 
3.9 
3.8 
3.7 
3.5 
3.4 
3.4 
3.5 
3.5 
3.5 
3.4 
3.3 
3.5 
3.4 


3.5 
4.0 
4.2 
4.0 
4.0 
4.0 
4.0 
3.9 
3.9 
8.9 
4.0 
4.0 
8.9 
4.0 
4.0 
3.9 
4.0 
3.9 
3.9 
4.0 
4.0 
3.9  I 

3.8  j 

3.9  I 
3.8  I 
3.8  I 
3.8  I 
3.8  ! 
3.7  I 
3.7  I 


Oct. 


3.6 
3.7 
3.6 
3.6 
3.6 
3.6 
3.6 
3.7 
3.7 
3.7 
3.6 
3.6 
3.6 
3.7 
3.7 
3.7 


Nov. 


3.6 
3.6 
3.6 
3.6 
3.5 
3.5 
3.6 
8.7 
4.8 
4.6 
4.5 
4.6 
4.5 
4.6 
4.5 


4.4 
4.4 
4.4 
4.3 
4.3 
4.4 
4.4 
4.3 
4.4 
5.9 
6.2 
5.6 
5.2 
5.1 
4.9 
4.9 
4.7 
4.8 
4.8 
5.0 
4.9 
4.9 
4.8 
4.9 
4.9 
4.8 
4.8 
4.8 
4.9 
4.8 


Dec. 


Rating  table  for  Tuolumne  River  at  Lagrange,  Cal.,  for  1002. 


4.6 
4.6 
4.5 
4.6 
4.8 
5.2 
5.3 
5.1 
5.1 
5.0 
6.2 
5.8 
5.5 
5.4 
6.3 
5.1 
5.0 
4.9 
4.9 
4.8 
4.7 
4.8 
4.9 
4.9 
4.9 
5.0 
5.0 
4.9 
4.9 
4.8 
4.8 


Gage 
hei^t. 

Diflcharge. 
Second-feet. 

Gage 
height. 

Discharge. 

1 

Gage 
height. 

Discharge. 

Gage 
height. 

Dificharge. 

Feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

3.4 

1 

7  ; 

5.0 

750 

6.6 

3,610 

8.2 

8, 580 

3.6 

25     1 

5.2 

950 

6.8 

4,100 

8.4 

9, 350 

3.8 

55     ' 

5.4 

1,180 

7.0 

4, 630 

8.6 

10, 140 

4.0 

115 

5.6 

1,480     , 

7.2 

5, 200    : 

1 

8.8 

10, 950 

4.2 

200     ! 

5.8 

1,850     ' 

7.4 

5,810 

9.0 

11,780 

4.4 

300 

6.0 

2,260     ' 

7.6 

6, 450     1 

9.2 

12, 630 

4.6 

410     1 

6.2 

2, 690     ' 

7.8 

7, 120     1 

9.4     1 

13,500 

4.8 

560     ' 

6.4 

3,140    ^ 

8.0 

7, 830     ' 

1 

I 
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Txr.  V 


TURLOCK   CANAL. 

The  Turlock  canal,  the  property  of  the  Turlock  Irrigation  District. 
taken  water  from  the  left  bank  of  the  Tuolumne  River  at  the  Lagranc^ 
dam.  This  canal  was  designed  to  carry  1,500  second-feet  and  to  irri 
gate  a  large  area  of  fertile  land  in  the  vicinity  of  Turlock  and  Cervs. 
Stanislaus  County,  Cal.  During  1898  water  was  first  turned  intoih. 
canal  in  small  quantities  and  used  for  puddling  the  banks.  A  re(*«^ni 
of  the  gage  height  has  been  kept  since  July,  1899.  Meter  measurv- 
ments  are  made  when  the  gaging  station  on  Tuolumne  River  af 
Lagrange  is  visited,  and  Morgan  flume,  or  flume  No.  2,  has  been  ratwi. 
The  observer  is  J.  L.  Montgomery. 

During  1902  the  following  discharge  measurements  were  ma<le  h\ 
S.  G.  Bennett  and  L.  M.  Lawson: 

May  13:  Gage  height,  2.92  feet;  discharge,  253  second-feet. 
July  23:  Gage  height,  3.00  feet;  discharge,  260  second-feet. 
Aug.  27:  Gage  height,  2.60  feet;  discharge,  105  second-feet. 

Daily  gage  height,  in  feet,  of  Turlock  canal  at  Lagrange,  Cal. 


Day. 


Mar. 


191J2. 
1 

(«) 

2 

3   

4     

5 

6 

7 

2.3 

8 

2.0 

9   

0.0 

10 

0.0 

11 

2.4 

12 

2.6 

13 

2.0 

14 

2.0 

15 

2  8 

16 

2.8 

17 

0.0 

18 

3.0 

19 

3.1 

an 

3.1 

21 

3.1 

22 

3.1 

23 

3.1 

24 

3.1 

25 

3.1 

28 

8.1 

27 

3.1 

28 

0.0 

29 

0.0 

ao 

2.4 

31 

3.0 

Apr. 


3.1 
3.1 
3.1 
3.1 
3.1 
3,1 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
8.2 
3.2 
2.6 
2.5 
2.4 
3.4 
3.4 
3.4 
3.4 
3.5 
8.5 
3.5 
0.0 
0.0 
0.0 


May. 


0.0 
0.0 
3.0 
3.0 
3.4 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.0 
3.0 
3.0 
3.0 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.8 
2.9 
3.6 
3.6 
3.6 


June.  !  July.  ,   Aujf.     S-j'* 


3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
8.. 
3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
3.8 
3.8 
3.8 
3.8 
8.8 
8.8 
3.8 
3.8 
3.8 


I 


I 


^  I 


I 


I 


3.8 
3.8 
3.8 

an 

3.8 
3.8 
3.9 
4.0 
4.0 
4.0 
4.0 
4.0  ^ 
4.0  I 
4.0  I 
4.0  I 
4.0  ' 
3.2  i 

o   >*    ' 

3.6  I 
3.6  , 
3.6  I 
3.6  I 
3.6  ) 
3.6  ' 

ae  ' 

3.6  ' 

3.6 

3.6  I 

3.6  ! 

3.6  ' 


a9 

3.9 
3.7 
3.7 
3.7 

.a  8 

3.9 
X9 

a9 
a9 

4.0 
4.0 
4.0 

a8 
a8 
a8 
as 

4.0 

a9 
as 
a7 
a  6 
a  4 
a  5 
as 

2.8 
2.8 
2.7 


2.7 


16 
2.6 


1' 


a  No  record  Jan.  1  to  Mar.  6.  h  Sept.  2  to  Dot;.  31  no  water  in  canal;  mukiuK  n*i«i" 
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Rating  table  for  Turlock  canal  at  Lagrange^  CaL^for  190£. 


MABCH  7  TO  JULY  31. 


beiK 


rift.      I^i^^^'K^ 


reet. 
2.0 

2.1 

2.2 

2.3 

2.4 


1 


Second-feet. 

113 
125 
138 
152 
166 


Gage 
heignt. 


Feet. 
2.5 

2.6 

2.7" 
2.8  • 
2.9 


Discharge. 

Gage 
height. 

Secfmd-feet. 

Feet. 

182     1 

3.0 

198 

3.1 

215 

8.2 

232 

8.8 

250 

1 

1 

3.4 

1 
Discharge. 

Gage 
heignt. 

1- 

Feet. 

Discharge. 
Second-feet. 

Second-feet. 

268 

3.5 

360 

286     ^ 

3.6 

880 

304 

3.7 

400 

322 

3.8 

420 

340     1 

1 

4.0 

460 

APPROXIMATE  TABLfi  FOR  AUGUST. 


2.6 
2.7 
2.8 
2.9 


105 
122 
139 

157 


3.0 

175 

3.4 

247 

3.8 

827 

3.1 

198 

3.5 

267 

3.9 

347 

3.2 

211 

3.6 

287 

4.0 

367 

3.8 

229 

3.7 

307 

1 

Estimated  monthly  discharge  of  Tuolumne  River  at  Lagrange,  Cal. 

[Drainage  area,  1,501  square  miles.] 


Month. 


1902 

Jannary - 

February  . .  _ 

March 

April - 

May  — - 

June 

July - - 

August - 

September 

October -  -  - 

November - 

Dwember -  - 

The  year- 


Discharge  In  second-feet. 


Maximum. 

Minimum. 

Mean. 

850 

200 

352 

6,780 

250 

1,443 

5, 810 

1,180 

2, 103 

12,630 

1,320 

4,735 

11,360 

2,470 

6,334 

11,360 

8,140 

6, 519 

2,690 

850 

998 

300 

0 

91 

200 

35 

89 

560 

15 

113 

2,690 

250 

676 

2,690 

350 

809 

12,630 

0 

2,022 

IBR  85—03 10 
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Estimated  monthly  discharge  of  Turlock  canal  at  Lagrange,  Cal. 


Month. 


Discharge  in  second-feet. 


Maximum.  I  Mimmiun.      ¥»:. 


1902. 

January  

February  _ 

March 

April  _ 

May 

Ji:ne.__ 

July _ 

August 

September 

October 

November 

December    . . 

The  year 


Estimated  WAmthly  combined  discharge  of  Thiolunine  River  and  Turlock  cannl"'' 

Lagrange,  Cal. 

[Drainagre  area,  l,.^!  sqaare  milec.] 


Month. 


1902. 

January  

February 

March 

April 

May 

June 

July 

August 

September 

October .  . 

Noveml)er 

Deceml)er 

The  year 


DlBciiai 

"ge  in  setMjnd 
Minimum. 

200 

-feet. 

Total  in 
acpo-feet. 

Rnn-< 

_          _       _ 

Socond-feet 
per  aaoare 

mile. 

1 

r»ff. 

Maximum. 

Mean. 

850 

1 

a52 

21,644 

0.23 

o.r 

6,780 

250 

1,443 

80,140 

'             .96 

l.'J' 

5,810 

1,320 

2,290 

140,807 

1.53 

1.:^ 

12,934 

1,606 

5,003 

297, 699 

3.33 

:{.:i 

11,740 

2,850 

6,656 

409,262 

4.43 

.ki: 

11,760 

8, 560 

6,925 

412,066 

4.61 

:..  14 

3,110 

730 

1,403 

86,267 

.93' 

I.'*: 

647 

112 

378 

23,242 

.25 

.^ 

200 

35 

91 

5,415 

.06 

X 

560 

15 

113 

6,948 

.08 

.ii9 

2,690 

250 

676 

40, 225 

.45 

J>'1 

2,690 

350 
15 

809 
2,178 

49, 743 

.54 

.it: 

12,934 

1,573,458 

1.45 

vx^- 

NKWEI.L,] 
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MERGED   RIVER  ABOVE   MERCED  FALLS,  CAL. 

The  measurement  of  this  stream  was  undertaken  in  response  to 
numerous  requests  from  mining  and  irrigation  interests.  The  mid- 
suiumer  flow  of  the  stream  is  less  than  the  combined  capacity  of  the 
irrigation  and  power  canals  taking  water  in  the  vicinitj^  of  Snelling. 
The  gaging  station  at  a  point  1  mile  above  Merced  Falls  was  estab- 
lished April  6,  1901.  Meter  measurements  are  made  from  a  cable. 
The  observer  is  Charles  Siegfeldt. 

During  1902  the  following  discharge  measurements  were  made  by 
S.  G.  Hennettand  L.  M.  Lawson: 

March  6:  Gage  height,  10.10  feet;  discharge,  1,302  second-feet. 
May  13:  Gage  height,  13.15  feet;  discharge,  5,413  second-feet. 
September  3:  Gage  height,  8.10  feet;  discharge,  109  second-feet. 

Daily  gage  height,  in  feet  ^  of  Merced  River  above  Merced  Fall  ft ,  Cal. 


Day. 

Jan. 

Feb. 

1 
Mar.  Apr. 

10.5      9.7 

May.  June. 

1 

July. 
10.0 

Aug. 

Sept. 
8.1 

Oct. 

7.8 

Nov. 

8.1 

Dec. 

IflOg. 
1 -*  

R.6 

8.4 

10.8 

11.6 

8.7 

8.6 

2 

8.7 
9.1 
M.9 
8.9 
8.8 
8.8 
8.7 
8.7 

8.5 
8.5 
8.5 
8.5 
8.5 
8.5 
8.6 
8.7 

12.3      9.8 
11.0  1    9.7 
10.5  ,    9.6 
10.2      9.7 

10.8 
10.9 
10.9 
11.1 
11.4 
11.5 

11.4 
11.3 
11.4 
11.9 
12.0 
12.0 

9.9 
9.8 
9.6 
9.5 
9.4 
9.3 
9.3 
9.3 

8.7 
i\6 
8.6 
8.5 
8.5 
8.5 
8.6 
8.5 

8.0 
8.1 
8.1 
8.1 
8.1 
8.0 
8.0 
8.0 

7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 

8.1 

8.1 

8.1 

8.1 

8.0. 

8.0 

8.1 

8.1 

8.5 

:j        

8.5 

4        

8.5 

•>                       .          .---.----------- 

8.3 

4 

r, 

10.1 
10.0 

9.9 
11.8 

8.6 

i        ,, .... 

8.9 

s                               

10.0  '  12.4 
12.5  1  11.8 

11.9  1  12.3 
12.4  1  12.4 

8.8 

ft 

10.2 

10. 

8.7 

8.7 

11.5  ,  11.5 

12.4  '  12.3 

9.3 

8.8 

8.0 

7.9 

8.4 

8.8 

11.. 

8.6 

8.6 

10.6  '  11.0 

1 

12.0  !  12.1 

9.4 

8.8 

8.0 

7.8 

10.0 

9.3 

12 

8.6 

8.7 

10.4  '  10.8 

12.2     12.1 

9.3 

8.9 

8.0 

7.8 

9.2 

9.5 

13               

o.  t 
8.6 
8.7 

8.8 
8.8 
8.7 

10.1     10.9 

10.1     11.0 

9.7  '  11.2 

12.3     11.9 
11.6     11.4 
11.3  '  11.4 

9.3 
9.3 
9.2 

8.9 
8.7 
8.7 

8.0 
8.0 
8.0 

7.8 
7.8 
7.8 

8.8 
8.7 
8.7 

9.2 

14         

9.0 

15 

8.8 

16 

8.6 

8.9 

9.6     11.1 

11.1  1  11.2 

9.2 

8.5 

8.0 

7.9 

8.6 

8.8 

17 

8.6 

9.2 

9.7     11.3 

11.6  1  11.1 

9.1 

8.5 

7.8 

7.8 

8.6 

8.7 

18 

8.6 

9.3 

9.8     11.8 

11.8  1  11.1 

8.9 

8.4 

7.9 

7.8 

8.6 

8.7 

19            

8.6 
8.6 

9.1 
9.0 

9.6     12.2 
9.6  '  11.9 

11.2     11.1 
11.0  '  11.1 

9.0 

8.9 

8.4 
8.4 

8.0 
8.0 

7.8 
7.8 

9.3 
9.0 

8.7 

a» 

8.5 

21         

8.6 
8.5 

9.0 
9.5 

9.6     11.4 
9.4     10.9 

10.8  '  11.1 
10.8  '  11.0 

9.0 
8.9 

8.3 
8.3 

8.1 
8.0 

7.8 
7.8 

8.8 
8.8 

8.6 

22 

8.6 

2:? 

8.5 

9.4 

9.4     10.8 

11.0  '  10.9 

8.9 

8.2 

8.0 

7.9 

8.7 

8.6 

24   -- 

8.5 

10.5 

9.5     10.7 

11.3  1  10.7 

8.9 

8.2 

7.9 

8.2 

8.7 

8.6 

•r» 

8.6 

10.8 

9.4     10.5 

11.9  ,  10.6 

8.9 

8.2 

7.9 

8.8 

8.6 

8.6 

•ii -• 

8.6 

11.3 

9.3     10.5 

11.7  1  10.5 

8.9 

8.2 

7.8 

8.4 

8.6 

8.6 

.  < \ 

8.5 

11.8 

9.3  '  10.5 

12.4  1  10.4 

8.8 

8.2 

7.9 

8.4 

8.5 

8.7 

•Jrt.-   

8.5 

11.3 

9.2  '  10.4 

12. 7  1  10. 1 

8.9 

8.1 

7.9 

8.3 

8.7 

8.8 

;,*i).    .     

8.5 

9.4  '  10.5 

12. 7     10. 1 

8.8 

8.1 

7.9 

8.2 

8.6 

8.7 

:o        

8.5 
8.5 

9.5     10.8 

12.6     10.2 

8.8 
8.8 

8.1 
S.l 

7.8 

8.1 
8.1 

8.6 

8.6 

•M 

9.6 

12.4 

8.6 
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Hating  table  for  Merced  River  above  Merced  Falls,  Cal.^for  Jf^)2. 


fxo.  s:> 


Gaffe     ' 
hei^lit. 

Ftet. 

7.8 

7.9 

8.0 

8.1 

8.2 

8.3 

8.4 

8.5 

8.6 

8.7 

8.8 

DlacharKe. 

Second-feet. 
65 

75 

90 

110 

180 

150 

170 

195 

220 

250 

280 


hei^t. 

Diacharge. 

Feet. 

Second-feet. 

8.9 

320 

9.0 

360 

9.1 

410 

9.2 

460 

9.3 

520 

9.4 

580 

9.5 

650 

9.6 

730 

9.7 

810 

9.8 

900 

9.9 

1,000 

Gaff© 
leifffat. 


heig; 


Feet. 
10.0 

10.1 

10.2 

10.3 

10.4 

10.5 

10.6 

10.7 

10.8 

10.9 

11.0 


Discharge. 

1 

1 
Second-feet} 

Feet. 

1,110     1 

11.2 

1,220  ; 

11.4 

1,340 

11.6 

1,470    , 

11.8 

1,600 

12.0 

1.740    , 

12.2 

1,880    ' 

1 

12.4 

2,030 

12.6 

2,180 

12.8 

2,340 

2,500 

DMchaiv*. 

2,  $411 
3, 2tM> 
3, 59'.» 
4, 020 
4,4«K» 
4,960 
5,460 
5,d8U 
6,50») 


Estimated  monthly  discharge  of  Merced  River  above  Merced  Fall^^  Oal, 

[Drainage  area,  1,000  square  milee.]  • 


Month. 


1902. 

January  

February  ..    _. 

March  .  _  _ 

April  .  

May 

June  -  - 

July... 

August 

September 

October 

November 

December  _  . . . 

The  year 


Discharge  in  seoond-feet. 


Haximnm. 


410 

4,020 

5,720 

5,460 

6,240 

5,460 

1,110 

320 

110 

280 

1,110 

1,340 

6,240 


Minimum. 


195 
170 
460 


730 


2,180 

1,220 

280 

110 

65 

65 

90 

195 

65 


Mean. 


236 

749 

1,364 

2,457 

3,795 

3,142 

481 

191 

88 

90 

246 

303 

1,095 


Total  in 
acre-feet. 


14, 511 

41,597 

83,869 

146,202 

233,345 

186,962 

29, 576 

11,744 

5,286 

5,534 

14,638 

18,631 

791,845 


Run-off. 


Seoond-feet   r^^^^vi^ 


1 


0.23 

.69 

1.25 

2.35 

3.48 
3.88 
.44 
.18 
.08 
.08 
.33 
.28 

1.01 


0.t"> 


1,44 

2. 51 

4.0! 

3.51 

..ll 


.21 


.'"ft* 


•VI 

•  •»- 


l:{.fi2 


NEWKLL.] 
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KING  RIVER  AT  KINGSBURG,    CAL. 

This  station  was  established  in  1879  by  the  engineering  department 
of  the  Southern  Pacific  Company.  No  meter  measurements  have 
been  made  since  1898  except  a  low- water  measurement  in  1902,  because 
it  was  found  impossible  to  construct  a  satisfactory  rating  table,  on 
account  of  the  changes  in  gage  heights  caused  by  the  raising  and 
lowering  of  the  head  gate  of  the  Peoples  Canal,  which  takes  water 
from  King  River  a  few  miles  below  the  gaging  station.  The  gage 
hiMglits  for  1902  have  been  furnished  by  William  Hood,  chief  engineer 
of  th«^  Southern  Pacific  Company.     Alf .  Thompson  was  the  observer. 

Daily  gage  height,  in  feet,  of  King  River,  at  Kingsburg,  Cal. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 



2.7 
2.7 
2.7 
2.5 
2.6 
2.4 
2.3 
2.5 
2.4 
2.4 
2.3 
2.8 
2.8 
2.2 
2.2 
2.1 
2.0 
1.9 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.7 
1.6 
1.6 

Sept 

Oct. 

Nov. 

1.8 
1.7 
1.7 
1.7 
2.0 
2.8 
2.5 
2.8 
3.8 
3.9 
5.3 
4.9 
4.5 
4.9 
4.9 
4.8 
4.6 
4.5 
4.6 
4.8 
5.1 
4.8 
4.9 
4.8 
4.8 
4.7 
4.7 
4.8 
4.7 
4.7 

Dec. 

1 

3.8 
8.8 
3.8 
4.4 
4.4 
4.8 
4.8 
4.8 
4.0 
8.0 
8.9 
8.8 
8.8 
8.8 
3.7 
8.4 
8.4 
8.4 
8.3 
3.8 
8.3 
3.2 
3.3 
8.3 
3.8 
8.4 
8.6 
8.8 
3.4 
8.4 
8.4 

3.8 
3.3 
3.3 
8.4 
8.4 
3.4 
8.5 
8.6 
3.7 
8.6 
3.5 
8.6 
8.6 
8.7 
8.6 
3.6 
8.6 
3.7 
3.7 
8.6 
8.6 
8.7 
8.8 
8.8 
6.6 
6.1 
6.9 
6.1 

4.3 
3.3 
6.8 
4.3 
8.3 
3.1 
4.5 
4.3 
4.9 
6.0 
4.8 
4.2 
8.8 
4.8 
4.2 
8.8 
8.8 
8.9 
4.2 
4.3 
8.9 
8.7 
8.4 
3.6 
8.6 
3.3 
8.3 
3.8 
8.3 
8.6 
4:0 

4.1 
4.2 
8.8 
3.8 
8.8 
8.8 
8.6 
8.8 
6.9 
4.8 
4.1 
8.6 
8.7 
8.9 
4.3 
4.1 
4.6 
5.8 
6.6 
5.9 
5.1 
6.3 
3.1 
3.3 
3.3 
2.8 
2.7 
2.8 
2.8 
2.8 

3.8 
.3.8 
3.6 
8.7 
8.8 
4.7 
4.8 
6.1 
7.8 
7.7 
7.6 
7.8 
8.8 
7.3 
6.8 
5.6 
6.3 
7.3 
6.1 
5.5 
4.8 
4.3 
4.4 
4.9 
6.1 
6.3 
7.0 
8.6 
9.0 
9.0 
8.8 

7.6 
6.7 
6.1 
7.3 
8.0 
8.4 
9.0 
9.8 
9.4 
9.3 
8.8 
9.6 
9.6 
8.8 
7.7 
7.5 
7.0 
6.8 
6.8 
6.7 
6.7 
6.6 
6.0 
5.8 
6.8 
5.1 
4.7 
4.2 
8.9 
3.9 

3.8 
3.6 
8.4 
2.8 
2.8 
2.0 
2.0 
1.9 
2.7 
2.9 
3.6 
4.1 
4.8 
8.9 
3.6 
3.3 
3.3 
8.2 
8.8 
2.8 
2.9 
2.8 
2.8 
2.8 
2.8 
2.8 
3.0 
3.0 
3.1 
3.0 
2.8 

1.6 
1.7 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.6 
1.6 
1.6 
1.6 
1.4 
1.4 
1.5 
1.5 
1.4 
1.3 
1.3 

1.8 
1.8 
1.3 
1.3 
1.8 
1.3 
1.3 
1.3 
1.8 
1.3 
1.3 
1.3 
1.3 
1.3 
1.8 
1.3 
1.3 
1,8 
1.3 
1.3 
1.3 
1.3 
1.4 
1.4 
1.7 
2.6 
2.4 
2.6 
2.5 
2.5 
1.8 

4.7 

2 

4.7 

3 

4.8 

o._ 

6 

7 

8 

4.8 
4.8 
4.8 
4.8 
4.8 

9 

4.9 

10 

5.0 

11 

5.1 

12 

5.1 

IS 

5.0 

14 

15 

6.0 
6.1 

16 

6.1 

l-i _ 

18 

19 

20 

5.0 
6.0 
5.0 
5.0 

21 

4.8 

22 

4.8 

23 

6.0 

24 

5.0 

25 

4.9 

26 

6.0 

27 

5.0 

28 

5.1 

29 

30 

31 

5.0 
4.9 
4.9 
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KING  RIVER  AT  RED  MOUNTAIN,  NEAR  SANGER,  CAL. 

The  gaging  station  at  Red  Moiint>ain,  established  September  3,  ISC^o, 
is  located  15  miles  east  of  Sanger,  Cal.,  and  is  near  the  mouth  of  the 
canyon  and  above  all  diversions.  The  bed  of  the  stream  is  in  gravel 
and  few  changes  have  been  noted  in  the  cross  section  since  the  estal^^ 
lishment  of  the  station.  For  the  last  three  years  the  station  has  been 
considered  as  rated  for  all  gage  heights  up  to  11  feet,  and  few  mek»r 
measurements  have  been  made.  The  present  rating  will  probably 
hold  good  until  a  change  in  the  channel  is  caused  by  a  violent  flood. 
The  observer  is  O.  G.  Williams. 

The  following  discharge  measurement  was  made  in  lt>()2  by  L.  M. 
Lawson : 

September  21:  Gage  height,  4.00  feet;  discharge,  217  second-feet. 


Daily  gage  height. 

in  feet,  of  King  River  at  Bed  Mountain, 

near  Sanger ,  Cal 

Day. 

Jan. 

1 

Feb. 

4.1 

Mar. 
5.6 

Apr.' 

1 
May.  .June. 

i 

July. 

Aug. 

Sept 
4.1 

'  <X-t,  [ 

an  , 

Kov. 

19(18. 
1 

1 
1 

1    4.4 

6.1 

7.7 

8.9 

7.8 

5.2 

4.0 

2 

1    *•* 

4.2 

8.3      8.1 

7.8 

8.9 

7.8 

5.2 

4.0 

3.8  1 

4.0 

4.i 

8 

!    4.4 

4.2 

6.6  •    6.0 

8.0 

0.1 

7.1 

5.1 

4.U 

a8  1 

3.9 

4.) 

4 

4.4 

4.1 

6.9      6.1 

8.1 

9.9 

6.7 

5.0 

4.0 

!     3,7  j 

3.9 

^4 

5 

4.5 

4.2 

6.8 

6.1 

8.3 

10.0 

6.5 

4.9 

4.0 

a7  1 

3.9 

4  :f 

6 

4.4 

4.2 

5.8 

6.1 

8.9 

10.0 

6.4 

4.9 

4.0 

a?  I 

3.9 

4^ 

7 

4.4 

4.3 

5.8     13.1 

8.6  '  10.7 

6.4 

6.0 

4.0 

'  a7  ' 

a9 

4  4 

8 

'    4.4 

4.3 

6.6  '    9.1 

9.3  1  10.7 

6.5 

5,1 

3.9 

1    3.7  1 

an 

44 

9 

4.4 

4.3 

7.4  1    8.0 

9.6     11.0 

6.5 

5.3 

4.0 

a  7  , 

a9 

4  3 

10 

;    4.H 

4.2 

6.3      7.7 

9.8  ,  10.9 

6.4 

5.2 

3.9 

.3.7  I 

4.0 

IS 

11 

'    4.3 

4.3 

5.9       7.5 

9.4     10.4 

6.6 

5.1 

4.0 

a?  ' 

5.11 

.\4 

12 

4.4 

4.2 

6.8  '    7.6 

10.0     10.9 

6.3 

5.0 

3,9 

a  7  1 

4.9 

a* 

13 

4.4 

4.2 

5.7  ,    7.7 

10.0     11.0 

6.4 

5.0 

4.0 

.3.7  1 

4.6 

4.i» 

H 

4.3 

4.2 

5.7       7.9 

9.3     10.1 

6.2 

5.0 

4.0 

aT  1 

4.5 

4.5 

16 

4.3 

4.2 

6.5  1    8.1 

.S.8     10.0 

6.1 

4.9 

4.0 

as  ' 

4..% 

4.4 

16 

4.3 

4.3 

5.6       8.2 

8.8     10.0 

6.0 

4.7 

4.0 

a  7  \ 

4.3 

4.4 

17 

4.3 

4.5 

5.6  ,    8.4 

9.3>|    9.6 

5.9 

4.7 

4.1 

a  7  . 

4..S 

4.-? 

18 

4.3 

4.8 

6. 7       8. 7 

9.4      9.6 

6.8 

4.6 

4.0 

a7  ' 

4.3 

4.4 

19 

4.2 

4.6 

5.7  1    9.2 

8.6      9.6 

5.7 

4.5 

4.0 

a  7  \ 

4.3  , 

4.4 

30 

4.2 

4.4 

6.7       9.0 

8.2  1    9.7 

6.6 

4.5 

4.0 

a7 

4.7 

4:< 

21 

4.2 

4.5 

5.6      8.1 

7.9      9.7 

6.7 

4.4 

4.0 

3.7  . 

4.4 

44 

22 

4.2 

4.7 

5.6  1    7.9 

8.0  ;    9.3 

5.6 

4.3 

a9 

3.7 

4.4 

4^ 

23 

4.2 

4.9 

5.6  ;    7.4 

8.4  '    8.9 

5.5 

4.3 

.3.9 

3.7  , 

4.4  < 

43 

24 

4.3 

4.8 

5.5  j    7.4 

8.6  \    9.0 

5.5 

4.2 

3.9 

4.5  , 

4.4 

4  i 

25 

4.2 

5.5 

5.5      7.3 

9.2  '    9.0 

5.5 

4.2 

8.9 

4.4 

4  4 

26 

4.3 

7.3 

5.5  .    7.1 

9.1       8.7 

5.4 

4.1 

3.9 

4.4  , 

4.; 

27 

4.3 

6.6 

5. 4       7. 1 

9.7  ,    8.4 

5.6 

4.1 

3.8 

4.4  1 

4  4 

28 

4.2 

5.8 

6.5       7.2 

10.3  ;    7.9 

6.6 

4.1 

8.8 

4.4  1 

4.: 

29 

4.2 

5.6      7.3 

11.1       8.1 

6.5 

4.1 

3.8 

4.3  > 

4S 

30 

4.1 

5.9       7.9 

10.6      8.0 

5.4 

4.0 

3.8 

4.3  ' 

4  3 

81 

4.1 

6.0  ; 

1 

10.4  ' 

5.4 

4.1 

4.0  '. 

1 

....  1 

"! 

4* 

:kweli,.] 
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Rating  table  for  King  River  at  Red  Mountain,  near  Sanger,  Cal.^for  19()2. 


1 
hei{^t. 

Disehsrgre. 
Seccnd-feet. 

Ga^e 
height. 

Discharge. 
Second'/eet. 

1 

Gaffe 
,  hei^t. 

1 
Diflcharge. 

1 

Gage 
height. 

Feet. 

Discharge. 

Keet. 

Feet. 

Feet. 

1 
Second-feet.'^ 

Second-feet. 

3.6 

180 

5.8 

1,310 

8.0 

3,920 

10.2 

9,610 

3.8 

250 

6.0 

1,450 

8.2 

4,300 

10.4 

10,400 

4.0 

320 

B.2 

1,642 

1      8.4 

4,6^0 

10.6 

11,300 

4.2 

400 

6.4 

1,834 

8.6 

5, 096 

10.8 

12, 250 

4.4 

480 

6.6 

2, 034 

1      8.8 

5, 548 

11.0 

13,240 

4.6 

572     , 

6.8 

2,242 

!      9.0 

6,000    ' 

11.2 

14, 300 

4.8 

676     , 

7.0 

'    2,450 

9.2 

6,520    1 

11.4 

15,440 

5.0 

780     ,1 

7.2 

2,718 

9.4 

7,040 

11.6 

16,660 

5.2 

910 

7.4 

2,986 

9.6 

7,600 

11.8 

17, 930 

5.4 

1,040     ' 

7.6 

3,280 

!      9.8 

8,220 

12.0 

19, 230 

5.6 

,       1,170 

1                    1 

7.8 

8,600 

10.0 

1 

8,900 

Entiniateil  monthly  discharge  of  King  River  at  Red  Mountain,  near  Sanger,  Cal 

[Drainage  area,  1,74£  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maximum. ,  Minimum. 


1902. 

January 

February   . 

March 

April 

May  .    

June 

Jnly 

August 

September  . 

October 

November... 
December  _ . . 


520 

2,  a')2 

4,490 

26,380 

13, 760 

13,240 

3,600 

910 

360 

520 

1,170 

1,040 


The  year '      26,380 


360 

360 

1,040 

1 ,  450 

3,440 

3, 760 

1,040 

320 

250 

215 

250 

400 

215 


Mean. 


440 

665 

1,420 

4,163 

6,532 

8,063 

1,638 

626 

304 

265 

451 

497 


Bun-off. 


Total  in 
acre-feet. 


27, 055 

36, 932 

87,312 

247,716 

401,637 

479, 782 

100,717 

38, 491 

18, 089 

16, 294 

26, 836 

30, 559 


8econd-feet 

per  square 

mile. 


Depth  in 
inches. 


0. 25 

.38 

.82 

2.39 

3. 75 

4.63 

.94 

.36 

.17 

.15 

.26 

.29 


2,089     1,511,420 


1.20 


0.29 

.40 

.95 

2.67 

4.32 

5.16 

1.08 

.42 

.19 

.17 

.33 


16.27 


TULE   RIVER  NEAR  PORTERSVILLE,    CAL. 

The  gaging  station  is  located  about  8  miles  east  of  Portersville,  at  a 
point  just  below  the  wagon  bridge  near  the  McFarland  ranch  and 
about  1  mile  above  the  mouth  of  the  South  Fork  of  Tule  River.    The 
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station  was  established  April  18,  1901.  The  gage  rod  is  situated  «l 
the  right  bank  of  the  river  100  feet  below  the  bridge.  The  zero  of  ih-^ 
gage  is  8  feet  below  a  spike  driven  into  a  lai^e  cottoawood  tree.  Th- 
observer  is  Adah  McFariand. 

Discharge  measurements  of  Tule  River  near  Portersville,  Cal. 


Date. 


1901. 


June  28 


1902. 


February  5. 
March  8... 

May  15 

October  2'. 


Hydrographer. 


I     Qaee 
I  heif^t. 


DWhiir.:' 


A.  E.  Chandler. 

S.  G.  Bennett  . . 

do 

do 

L.  M.  Lawson.. 


/»>*  t.        Senjnd  j'  • ' 

2.00  '  U- 

I 


1.33  ' 
2.20 

I 

3.03 
.92  ! 


Daily  gage  height ^  in  feet,  of  Tule  River  near  Portersville,  Cal. 


IV- 

1:1 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

2.00 
2.70 
2.50 

May. 

June. 

July. 

Aug. 

Sept. 

Oct, 

Inov. 

1 

IV 

1902. 
1           

1.86 
1.85 
1.35 

1.35 
1.35 
1.35 

2.40 
4.40 
2.80 

2.90 
2.90 
2.80 

2.80 
2.70 
2.00 

1.00 
1.55 
1.55 

1.10 

i.lo 

1.10 

0.96 
.98 
.96 

o.9e 

.90 

1 

l.W  , 
1.18 
1  1.18 

I   v' 

2 

;  T 

3 

1^3 

4 

1.35 

1.85 

2.40 

2.65 

2.80 

2.80 

1,55 

1.10 

.94 

.90 

;li5 

i.f> 

6 

1.30 

1.35 

2.30 

2.70 

2.80 

2.70 

1.60 

1.06 

.94 

.92 

1 1.15 ; 

\.:i> 

6 

1.80 

1.40 

2.20 

2.65 

2.86 

2.00 

1.60 

1.08 

.98 

.92 

I  1.15 

I.e. 

7 

1.30  1  1.40 

2.20 

7.20 

2.90 

2.00 

1.50 

1.05 

.92 

.94 

|1.15 

IS 

8 

1.30 

1.40 

2.20 

4.00 

2.90 

2.60 

1.45 

1.06 

.ftS 

.96 

,  1.15 

I  & 

9... A- 

1.30     1.40 

5.00 

3.70 

3.00 

2.00 

1.50 

1.08 

.92 

.98 

1.15- 

1:5 

10 

1.35  '  1.40 

3.00 

3.  SO 

3.00 

2.55 

1.40 

1.08 

.92 

1.00 

1.40 

re 

11 

1.35 

1.35 

2.80 

3.40 

3.10 

2.45 

1.85 

1  08 

.90 

1.02 

2.00 

t-i> 

12 - 

1.40 

1.35 

2.60 

3.30 

3.00 

2.85 

1.35 

1.08 

.90 

1.04 

1,70 

].»' 

13 

1.40 

1.35 

2.50    3.20 

3.05 

2.85 

1.80 

1.06 

.90 

1.04 

1.60 

i.« 

U 

1.35 

1.40 

2.40    3.10 

3.00 

2.30 

1  HO 

1.06 

.90 

1.03 

1.45 

IS 

15 

1.30 

1.40 

2.30 

3.15 

3.00 

2.26 

1.25 

1.06 

.90 

l.OB 

1.40 

1  v« 

16 

1.25 

1.40 

2.20 

3.20 

8.00 

2.i5 

1.20 

1.06 

.90 

1.02 

1.35 

Ii» 

17 

1.30 

1.40 

2.00 

3.30 

3.00 

2.10 

1.20 

1.06 

.92 

i.oe 

1.35 

I  J' 

18 

1.36 
1.40 
1.40 

1.40 
1.45 
1.00 

2.20 
2.50 
2.40 

8.30 
8.40 
3.50 

2.96 
2.90 
2  80 

2.10 
2.05 
2.00 

1.20 
1.20 
1.20 

1.06 
1.06 
1.06 

.02 
.94 
.96 

i.oe 
1.00 
1.00 

1.85 

l.TW 

!  1.55 

1  t^ 

19 

14i 

20 

I« 

21 

i.:i5 

1.35 
1.36 
1.40 

1.60 
2.00 
1.75 
1.80 

2.35 
2.25 

3.70 
3.00 

2.70 
2.65 
2.65 
2.60 

1.90 
1.85 
1.80 
1.75 

1.20 
1.20 
1.20 
1.18 

1.06 
1.08 
1.08 
1.04 

.115 
.95 
.95 
.95 

.98 

.98 

.94 

1.70 

,  1.45 
1.40 
1.40 

1  r. 

22 

\x 

23 

2.36  1  3.00 
2.36  '  3.00 

\M 

24 

\c 

25 

1.40 
1.40 
1.40 
1.35 
1.85 
1.35 

1.85 
4.20 
4.40 
2.70 

3.00  !  2.90  1  2.65 
3.00  1  2.86  t  2.75 

1.75 
1.70 
1.70 
1.66 
1.60 
1.60 

1.16 
1.18 
1.20 
1.20 
1.18 
1.16 

1.04 
1.08 
1.02 
1.01 
1.00 
1.00 

.96 
.96 
.96 
.95 
.94 
.94 

1.40 
1.80 
1.25 

i.» 

Lao 
i.ao 

1.40 
1.35 
1.35 
1.35 
185 

1  *-' 

2S - 

!.« 

27 

3.00 

2.80  1  2.80 

152 

28 \ 

2.00  <  2.85  1  3.00 

iv 

29 

2.80 
2.30 

2.90 

2.90 

Ifr 

80 

2.90    2.80 

If' 

81 

1.85 

2.60 

2.80 

1.14 

1.00 

l.^iO 

IP 
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toi§^bt. 

Discharge.  > 
Second-feet.  < 

Gage 

height. 

Discharge. 

Gaee 
height. 

Discharge. 

Gac© 
height. 

Dl^harge. 

Fff^f. 

Feet. 

! 
Second-feet,  i 

Feet. 

Second-feet. 

1     Feet. 

Second-feet. 

0.7 

9 

1.7 

93     , 

2.7 

298 

3.7 

685 

.8 

11     ' 

1 

1.8 

109 

2.8 

324 

3.8 

770 

.» 

14 

1.9 

126     1 

2.9 

351 

3.9 

875 

1.0 

18 

,       2.0 

144 

3.0 

379 

4.0 

980 

1.1 

23 

1       2.1 

163 

3.1 

408 

4.1 

1,085 

1.2 

30 

1       2.2 

183 

3.2 

440 

4.2 

1,195 

1.3 

39     1 

2.3 

204    ' 

3.3 

475 

4.3 

1,305 

1.4 

51 

2.4 

226 

3.4 

515 

4.4 

1,415 

1.5 

64 

2.5 

249     1 

3.5 

560 

4.5 

1,525 

1.6 

78 

1 

2.6 

1 

273 

3.6 

615 

Estimated  monthly  discharge  of  Tale  River  near  Portersville,  CaL 

[Drainage  area,  487  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maximnm. 


1902. 
January.  _-. 
February  ..- 

March 

April 

May  .  _ 

June 

July 

Au^C^st 

Sei)tember  .. 

October 

November... 
December . . . 


51 

1,415 

2, 735 

4,615 

408  ' 

324 

78 

23 

17 

93 

144 

204 


Minlmnm. 


84 

45 

144 

249 

273 

78 

26 

18- 

14 

14 

27 

45 


The  year . 


4,615 


Mean. 


45 

159 

362 

571 

343 

190 

43 

21 

15 

24 

50 

62 


14  , 


157 


Total  in  acre- 
feet. 


Bnn-off. 


Second-feet 

persQuare 

mile. 


2,767  i 

8,830  I 

22,259 

33, 977 

21,090 

11,306 

2,644 

1,291 

893 

1,476 

2, 975 

3,812 


0.10 
.36 
.88 

1.31 
.79 
.48 
.10 
.05 
.03 
.05 
.11 
.14 


113,320 


Depth  in 
inches. 


0.12 
.87 
.96 

1.46 
.91 
.48 
.12 
.06 
.08 
.06 
.12 
.16 


.36 


4.85 
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KERN   RIVER  NEAR  BAKERSFIELD,  CAL. 

This  station,  established  in  1893  by  Walter  Jones,  chief  engineer  of 
the  Kern  County  Land  Company,  is  located  at  what  is  known  as  First 
Point  of  Measurement,  5  miles  above  Bakersfield  and  at  the  mouth 
of  the  canyon  of  the  river.  Miscellaneous  meter  measurements  are 
t^ken,  and  an  automatic  gage  records  daily  fluctuations  of  the  river 
heights.  A.  K.  Warren,  the  engineer  in  charge  of  this  work  forlhf 
Kern  County  Land  Company,  attends  to  the  discharge  ineasuremenb 
with  accuracy  and  precision,  and  furnishes  the  Geological  Survey  with 
the  final  results. 


Daily  discharge,  in  second-feet,  of  Kern  Rix>er  at  first  point  of  measurement. 


1. 
2. 
8. 
4. 
5. 

6. 

7. 

8. 

0. 
10. 
11. 
12. 
18. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22- 
23 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
81. 


Day. 


1902. 


Jan. '  Feb.  |  Mar.  Apr. 


287 
291 
291 
290 
289 
293 
312 
314 

;«7 


299 
284 
274 
264 
274 
282 
286 
286 
289 
294 
292 
296 
291 
281 
278 
2f^.'i 
272 
2.r) 
247 

2m 

2>9 

250 


-  I 


258  . 
268 
277  I 
270 
200 
25fJ 
251 
262 
200  I 
263  ! 
254 
252 
254 
25  i 
251  I 

259  , 
'XS 
2H0  ' 
268  ' 
257  I 
2:>8  ] 

279  I 
339  ' 
:«3  I 
:i79  ; 

871 
1,252 
1.451 


863 
1,119 
1,49:3 
929 
756 
772 
725 
G30 
717 
957 
787 
770 
782 
790 
723 
(M5 
ftV) 
728 
7W) 
813 
758 
751 
759 
794 
7:i4 
694 
(J89 

mi 

681 

7y> 

779 


I 


850 
898 
849 
831 
990 
1,078 
1,647 
3,438 
2,461 
2,000 
1,836 
1.748 
1,752 
1,8<I« 
1,877 
2,008 
2,130 
2,332 
2,620 
2,807 
2,740 
2,:*)3 
2.030 
1,772 
1,682 
1.559 
1.5;k> 
1,5.56 
l,53[i 

1.54:) 


May.;  June. .Jnly.iAncf.. Sept.   Oct.    Not.  Dei- 


.1 


-  I 


1,615 
1,559 
1.522 
1,504 
1,520 
1,589 
1,704 
1,765 
1,880 
2,004 
2,0R5 
2,108 
2,156 
2,135 
1,997 
1,79. 
'  1,827 

1,  hrr* 

1,868 
!  1,697 
'  1,549 

i,447 
;  1,40;5 

1,451 

1.555 
;  1.C73 
{  1,662 
I  1,780 
'  2. 12.) 

2,250 

2,:«) 


2,306 
2,088 
1,811 
1,904 

2,  (as 

2,215 

2,527 

2.608 

2,701 

2,726 

2,736 

2.642 

2,910 

2,755 

2,400 

2,313 

2,244 

2,195 

2,150 

2,169 

2,159 

2,17:3 

2,119 

1,887 

1.836 

1,736 

1,561 

1,410 

1,431 

1,293 


I  •• 


1,314  1 
1,289! 
1.205  I 
1,090 
I  9^D 
I  915 
'  839 

I   400  . 

1  740  1 

736 
il2 
722  , 

711  I 
704  ' 
675 
631  I 

608  , 
.588  • 
550  I 
.522  I 

609  ! 
605  i 
508  I 
484  ! 
486 
469 
430 
501 
4^ 
460 


III* 


433 

4oe 

373 
837 
333 

338 
328 

a>7 

866 
."374 

:«9 

386 
385 
346 
840 

33r) 

321 
319 

:«7 

295 

27P 

278 

258 

256 

2>4  I 

2  »  I 

S»4 

220 

223  I 

218 

209  ' 


201 

198 

108 

191 

186 

186 

184 

187 

186 

191 

188 

195 

198 

191 

206 

214 

227 

228 

216 

200 

198 

208 

204 

198  < 

m; 

197  , 

200  i 
179  ' 
178  I 
179 


184 
190 
187 
188 
172 
16K 
IttS 
167 
185 
lOU 

isn 

IHO 

li^ 

190 

186 

194 

193 

1911 

198 

195 

191 

197  . 

2or»  I 

«14' 
237 


236 
286 
242 
238 

288 


237 
237 
241 
291 
28: 
246 
249 
213 
243 


»)0 
893 

SKI 

2M5 
273 


2H1 
318 


315 


mo 

2KK 


an 

2« 
277 


it* 

S 

m 
» 

St 
**« 

mm 

Si 


2fc 
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Estimated  monthly  discharge  of  Kern  River  at  first  point  of  nieasurenient. 

[Drainago  area  2,^^45  nqnare  miles.] 


Month. 


1902. 

r annary  

•'ebrnarv  . .  - 

!»I-:rcb 

^pril 

tfay 

Tune  - 

fiay 

^ug^st 

September  .. 
Dct<)l)er  .  -  -  - 
November .  _ . 
Deoeml)er  .  _ . 


The  year 


Discharge  in  second-feet. 


Run-off. 


I  '  Total  in  acre-l 

'  LI         feet.        'Second-feet  n«„4.u  -•_ 

I  Maximum.    Minimum.  I    Mean.    ,  ru,va«ii««»    i>eptiim 


3,758 


321 

1,82S 

2,029 

3,758 

2, 405 

3,096 

1,354 

453 

232 

292 

413 

346 


242  i 

243  I 
601  I 
799 

1,375  ! 

1,235 
453 
205 
174  ' 
161  : 
225 
231  ' 

161  I 


I 


283 

371 

790 

1,805 

1,787 

2,165 

706 

312 

197 

199 

281 

269 


17,401 

20,604 

48, 575 

107, 405 

109, 878 

128, 826 

43,410- 

19,184 

11,722 

12, 236 

16, 721 

16, 540 


764        552,502 


^^rSir"  !   i-^-- 


.  33 


0.12 

0.14 

.16 

.17 

.34 

.39 

.    t   t 

.86 

.76 

.88 

.92 

1.03 

.30 

.35 

.13 

.15 

.08 

1 

.09 

.09 

.10 

.12 

.13 

.11 

.13 

4.42 


SAN  JOAQUIN  RIVER  AT  HERNDON,  CAL. 

This  station  was  established  in  1879  by  the  engineering  department 
of  the  Southern  Pacific  Company.  The  riv(3r  bed  at  this  point  is  com- 
posed of  small  gravel  and  shifting  sand.  Because  of  the  continual 
changes  in  the  cross  section,  which  were  increased  by  a  side  channel 
breaking  through  the  gravel  pits  on  the  left  bank  of  the  river  just 
above  the  gaging  station,  meter  measurements  were  discontinued  at 
this  station  at  the  end  of  1001. 

The  riv^er  stage  record  for  1902  has  been  furnished  by  William  Ilood, 
chief  engineer  of  the  Southern  Pacific  Company.  G.  G.  Nelson  was 
the  observer. 
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Daily  gage  height,  in  feet,  of  San  Joaquin  River  at  Hemdon^  Cal. 


2. 

3. 


5. 


6. 


9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17- 
18. 
19. 
20. 
21. 
22- 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Day. 


Jan.   Feb 


1902. 


2.7 
2.7 
2.7 
2.7 
2.6 
2.6 
2.6 
2.6 
2.6 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.6 
2.6 
2.6 
2.5 
2.5 
2.5 
2.5 


2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.7 
2.7 
2.6 
2.8 
2.7 
2.8 
2.8 
2.8 
2.8 
8.0 
3.0 
4.5 
5.0 
4.8 
5.0 


Mar. 


4.8 

4.5 

6.6 

4.3 

4.0 

3.7 

3.5 

4.0 

4.0 

4.7 

4.3 

4.0 

4.0 

3.8 

3.8 

3.8 

8.7 

8.7 

8.7 

3.8 

8.8 

3.7 

3.7 

3.7  I 

3.7  I 

3.7  I 

3.6  I 

3.6  \ 

3.6  I 

8.6  ' 

4.0  I 


4.3 
4.4 
4.2 
4.3 
4.4 
4.5 
6.7 
8.0 
7.0 
6.5 
6.2 
5.7 
5.5 
6.0 
6.2 
6.3 
6.4 
6.5 
7.8 
7.3 
7.0 
6.5 
5.7 
5.5 
5.8 
5.1 
5.0 
5.0 
5.0 
5.0 


May. 

June. 

6.0 

8.5 

6.8 

7.5 

6.2 

7.5 

5.7 

7.0 

5.5 

7.3 

6.0 

7.8 

6.5 

8.0 

6.7 

8.5 

6.7 

9.0 

6.8 

8.8 

7.0 

8.6 

7.6 

9.3 

7.8 

9.0 

7.4 

8.5  ; 

6.9 

8.1  1 

6.4 

7.8 

6.7 

7.5 

July. 


7.1 
6.6 
6.5 
6.2 
6.0 
6.0 
6.5 
6.8 
7.2 
7.7 
8.3 
8.3 
8.6 
8.8 


7.6 
7.2 

7.1 
7.0 
7.4 
7.0 
7.0 
7.0 
6.8 
6.5 
6.8 
6.0 
6.0 


5.8 
5.7 
5.5 
5.0 
4.5 
4.8 
4.3 
4.3 
4.1 
4.1 
4.0 
4.5 
4.5 
4.5 
4.6 
4.3 
4.0 
4.0 
4.0 
4.0 
4.0 
4.3 
3.8 
8.8 
8.8 
8.8 
8.7 
8.7 
3.6 
8.6 
3.6 


Sept.'  Oct.    Xov     Dn 


3.5 
8.5 

as 

3.5 

a4 

3.4 
3.4 
3.4 
8.4 
8.8 
3.7 
8.7 
8.6 
8.5 
8.5 
8.5 
3.3 
8.3 
8.3 
8.8 
8.2 
8.2 
8.2 
8.2 
8.2 
8.2 
3.1 
8.1 
3.0 
8.0 
8.0 


3.0  , 
3.0  t 

3.0  i 
2.9  ' 
2.9  { 
2.9  I 
2.9  I 
2.8  ' 
2.8  ' 
2.8 
2.8  I 
2.8  I 
2.8  I 
2.8  I 
2.8  . 
2.8 
2.8  ; 
2.8  ■ 
2.8  j 
2,8  [ 
2.8  I 
2.8  1 
2.8  I 
2.8  I 
2.8  I 
2.8  I 
2.8  I 
2.8  , 
2.8  1 
2.8  ; 


2.S : 

2S.8  , 

2,8 
2.8  1 
2.8  t 
2.7  ' 
2.7 

2.7  i 

2,7  I 

2.7  i 

2.7  I 

2.7  I 

2.7 

2.6 

2.6 

3.6 

2.6 

2.6 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.8 

2.8 

2.7 

2.7 

2.7 


I 


2.<5 

2.6 

2L6 

2.*> 

2.5 

2.5 

2-5 

2.3 

2.5 

2.5  ^ 

4.3  ! 

ah 
ai 
a4 
as 
as 

8.8 
2.8  I 
2.8  I 

2.8  • 

2.8; 

^-'^  ; 

2  S  1 

2.7  i 
2.7  I 

Z.  i    I 

2-t; 


4i 


3  j 

t 

A  1 

•%  . 

,^  - 

A  ■ 


Miscellaneous  measurements  in  San  Francisco  Bay  drainage  b<Msin^ 


Date. 

1002. 
Sept.  22 
22 

24 


Stream. 


Location. 


Sacramento i  Upper  Soda  Creek,  Castle  Crags. 

do \  Upper  Bairds  station 


I 


I  li' 

i*' 


McCloud '  Vanardsdale  clnbhonBe,  1  mile  abo v^e  Sqoa^r 

I      Creek. 


24  '  Squaw  Creek Squaw  Creek  Bridge,  Vanardsville  road 


l.:tf" 


fr 


23  ' 

26  I 

I 

17 
16 
16 
15 
15 
27 
27 
14 


Total  McCloud 

do Hirze  Mountain 

do '  Baird  post-ofllce,  U.  S.  flsheriee 

Pit Bridge  above  mouth  of  Fall  River 

do '  Pall  River  at  bridge,  Fall  River  Mills 


.do 
.do 
do 
.do 
.do 


Hat  Creek  at  bridge,  Carbon  po6tK>fflce  . 

At  Pecks  Bridge 

Bumey,  ^  mile  below  falls 

Sciuaw  Creek  near  mouth,  Copper  City. 
Silverthorn  Ferry,  Copjier  City 


Sacramonto Balls  Ferry  Bridge 


l.Wi 

i.s:^ 
i.:w 

a*' 

l.SH 
2.»'  ' 


E^VKL.I^] 
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Slfijtt't'/luneous  mensurements  in  San  Francisco  Bay  drainage  haain — Continned. 


r>ato. 


Stream. 


1903. 
>ept.  15 
14 

36 
8 


Location. 


I  Qaget 
iheigQt. 

I  Feet. 


Sacramento j.   Battle  Creek  Bridge,  near  Balls  Ferry 

do t  Ditch,  BattleCreek,  Balls  Ferry  Flour  Mills 


9 

^1 
I 
9 

8 

7 
5 

4 

9 

12 


do 

do 

do 

do 

do 


'  Bisr  Spring  Branch,  1  mile  below  boathonse, 
I     Big  Meadows. 

*  West  Branch,  i  mile  below  bridge,  Bnnnell 
Hotel,  Prattville. 

Iron  bridge  near  Meadow  View  Hotel,  i  mile 
below  junction  of  east  and  west  branches. 

Dotta  or  Lower  Big  Spring,  near  mouth  Big 
Meadows. 

Bidwell's  sawmill,  lower  end  of  Big  Mead- 
ows. 

Butt  Valley  Creek,  near  Butt  Valley  Hotel. . 

Indian  Valley  at  bridge,  lower  end  of  valley . 

Spanish  Creek  at  "Pocket  Bridge,"  lower 
end  of  American  Valley,  near  Quincy,  Cal. 

Huff  Bar,  Big  Bend 

Big  Bend  Tunnel,  above  Huff  Bar 


I  Total  Battle  Creek ' 

do '  Sacramento I  a7.22 

Feather,  North  Fork '  East  Branch,  Hamilton  Bridge,  Big  Mead-  I 

ows. 

do 

do 

do 

do 

do 


do, 


4 
4 

6 
3 
6 

6 


Feather,  Middle  Fork, 
.do 


FeAther,  South  Fork . . . 
do 


do 
do 


a'*  I  Cache  Creek . 


Total  Big  Bend 

West  Branch,  900  feet  above  Yankee  HiU 
Bridge. 

Above  mouth  of  Nelson  Creek 

Nelson  Creek,  just  above  mouth 


Total  below  Nelson  Creek. 

At  mouth 

In  Little  Grass  Valley 

At  Enterprise 


Palermo  canal  at  Enterprise 
BidwellBar 


Total I 

Yolo  Bridge,  5  miles  from  Woodlands I      1.4 


1   ■  Y  uba,  North  Fork Bay  Counties  Power  Co.  's  flume,  below  dam . 


do 


Auj?.  3f>     Yuba,  Middle  Fork 


Below  Bay  Counties  Power  Co.'s  dam 

Total 

i  mile  below  Delhi  mine 


Sept. 


1  ' do I  300  feet  below  Freemans  Bridge 


Aug  3f>  '  Yuba,  South  Fork North  Bloomfleld  ditch  at  North  Columbia, ' 

I      water  from  Bowman'8  reservoir.  ' 

ar)      do I  Eureka  Lake  Co.'s  ditch.  North  Columbia,  i 

I      water  from  French  and  Faucherie  lakes. 

21)    do - Edwards  Bridge ' 


30 
30 


.do I  Bridgeport  Bridge 

.do Excelsior  Mining  and  Irrigation  Co.'s  canal. 


St^pt.    1      YuT». 


Pleasant  Valley. 

Total 

Abovo  bridge,  4  miles  below  Smartsville 


Dis- 
charge. 


fiec.-feet. 

313.0 

27.0 

340.0 

5,848.0 

183.0 

64.0 
327.0 

607.0 

109.0 

609.0 

87.0 
22.0 
28.0 

585.0 
815.0 

910.0 
27.0 


59.0 
33.0 


92.0 

215.0 

l.O 

1.0 


30.0 
216.0 


246.0 
56.0 


221.0 
2.0 

223.0 

52.0 

64.0 

7.0 

9.0 

50.0 

55.0 
32.0 

87.0 
487.0 


n  U   S.  Wc«thor  Bureau  gaKo.    Highortt  water  mark,  28.6  feet  Dccemlx^r  27, 1892;  lowest  water 
inark  0.0  foot  October  23,  18.%. 
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P 


\t 


MiscellaneouH  nteatturevientH  in  San  Francisco  Bqy  drainage  basin — Condnit^     | 


Date. 


Stream. 


Location. 


IQODi. 
Aug.  25 


25 
25 


25 


Bear 


F}nt.     S.. 


Below  dam  of  South  Tubs  Water  Co. 


do I  Old  mining  ditch,  i  n>ile  below  Headworks. 


Total  flow  month  of  Qreenhom  River. 
Old  mining  ditch,  near  Anbnm 


2U  '  American,  Middle  Fork. 


26 
26 

26 


.do 


201)  feet  above  Iowa  Hill  road  bridge 

South  Tuba  Water  Co.'s  new  power  canal, 
i  mile  northwest  of  Ck>lfax. 


Total  flow  near  Colfax 
2^  miles  above  Auburn 


A' 


Rubicon,  900  feet  above  junction  with  Mid- 
dle Fork.  j 

900  feet  above  junction  with  Rubicon , 


25 
25 

21 

26 
28 


.do '  North  Fork  of,  200  feet  above  junction  with  . 

Middle  Fork.  I 

Mining  ditch  (takes  water  from  North 
Fork  of  Middle  Fork) .  1 

I 
Total  flow  below  junction  of  Middle 
Fork. 


JuAt  above  mouth 


American,  North  Fork  . . ,  Below  junction  of  North  and  Middle  forkB 


.do '  Near  Mink's  place,  5  miles  above  mouth  of 

1     South  Fork. 


.do I  North  Fork  canal,  near  Folsom 

.do 


27    do 

22     American,  South  Fork 


22  1 


22 


.do 
.do 


SB 

21 
21 
21 
19 


..do 


.do 


5  miles  above  mouth  of  South  Fork,  near 
Mink. 

do 


100  feet  above  Riverton  stone  bridge. 


South  Fork  of  Silver  (7reek,9UO  feet  above 
mouth. 

Silver  Creek,  150  feet  above  junction  with 
South  Fork  of  Silver  Creek. 

Total  flow  below  junction  with  South 
Fork. 

Placervllle  ditch,  I  mile  from  Pacific  post- 
o£Hce. 

Chillie  Bar  Bridge,  3  miles  from  Placervllle . 


a  7 

a  8 


14"' 


-do - Big  Canyon  at  junction  with  South  Pork 


At  Chillie  Bar. 


.do 

.do - Natoma    ditch,    Natoma  Vineyard   Cb/s 

lateral. 


10 
21  ' 

22' 
22 


..do Natoma  ditch.  Blue  Ravine  mine 

--do Near  mouth,  3  milesabove  Folsom 

-do Natoma  ditch,  below  damat  Salmon  Falls. 

..do Neero  Hill  canal,  below  dam  at  Salmon 

Falls. 

23    do 2  milesabove  mouth 

15     Mokelumne,  North  Fork    i  mile  above  bindge,  near  West  Point 

15     Mokelumne,  Middle  Fork  150  feet  IxjIow  bridge,  near  West  Point 

Ill     Mokelumne.  South  Fork    Ditch  2  miles  southeast  of  Fort  Mountain, 

'*  Big  Trt»e9  quadrangle."' 

15    do Mokelumne  ditch,  J  mile  below  South  Pork 

Bridge  in  flume  50O  feet  below  head-gate. 

Aug.  14     Mokelumne Standard  dit<*h  flume  No.  5G,  near  Electra . , 

U  I do Amador   ditch,  in  flume  1^  miles  above 

Electra. 


4: 

IS 


r 


- 1 
I. 


E^WELL,] 
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^JijfC€illaneou8  viecunirenients  in  San  Francisco  Bay  draiyiage  ba^iin — Continued. 


A.\\K.  14 
14 

13 
15 
14 

las 

16 
18 

17 

17 


Stream. 


Location. 


I  height 


Dis- 
charge. 


Feet.   I  -Sec. 


Mokeltunne 500   feet  above    Standai*d  Electric    Co.'h  ,. 

power  hoofie,  Electra.  ; 

do From  Standard  i>ower  house ,. 


21 
21 
21 

20 

20 

22 

21 
2» 

23 
23 

May  12 

Au€r.  17 
19 
20 


Total 

do i  mile  below  Lancha  Plana  dam 

do Campo  Seco,  J  mile  below  old  dam 

do ,  Clements  at  road  bridge 

do I  Bridge  at  Woodbridge,  Cal 

do ,  Woodbridge  canal,  100  f eet below  headworks 

do I do 

Stanislaus,  North  Fork..  I  San  Antonio  Creek,  just  below  mouth  of 

I      Big  Trees  Creek. 

do Old  Milton  (now  Angels)  ditch,  in  flume 

below  headworks. 


do 


Below  intake,  Angels  ditch 
Total 


do 


Mill  Creek,  30  feet  below  junction  of  Love 

'  I      and  Moran  creeks. 

Staaislaus,  Middle  Fork  J  Clarks  Fork  at  mouth 

do '  Below  mouth  of  Clarks  Fork 

do Above  mouth  of  Clarks  Fork 

Stanislaus,  South  Fork. . '  Canal,  Tuolumne  Electric  Power  Co.,  near 

intake  (takes  all  of  South  Fork). 

do Soulsby  ditch,  branch  of  Tuolumne  Electric 

I      Co.  canal,  50  feet  above  main  ditch. 

Stanislaus '  Below  Colliers 

do '  Abbotts  Ferry 


.do Parrotts  Ferry. 


0.6 


ao 

30 
31 

89 
29 

29 

29 

29 

27 

27 

Sept.   2 


do I  Robinsons  Ferry 

do Ditch  near  Robinsons  Ferry 


Total 


do !  Stanislaus  Water  Co.  canal.  Flume  No.  3... 

do I  Stanislaus  Water  Co.  canal,  IhjIow  Intake  .. 

do '  i  mile  below  Knights  Ferry 

do I  Oakdale,  i  mile  above  railroad  bridge 

Tuolumne,  North  Fork  .  I  In  flume  of  Qoldwin  Mining  Co. ,  all  of  water 

I     of  North  Fork. 

Tuolumne i  Cherry  Creek,  j ust  below  Lake  Eleanor 

I      trail  crossing. 

do Eleanor  Creek, }  mile  below  trail  crossing. . 


!  Tuolumne,  Middle  Fork . ,  Below  bridge  on  road  from  Crockers  to  Hog 
I  ranch. 

Tuolumne Upjier  end  Hetch  Hetchy  Valley 

do '  Rancheria  Creek,  head  of  falls,  i  mile  south- 

I      east  of  trail. 

do. ^Till-Till  Creek,  just  alx)ve  junction  Ran- 

I      cheria  Ci*eek. 


.do 
do 


Falls  Creek,  30O  feet  above  junction  with 
Tuolumne. 


Lower  end  Hetch  Hetchy  Valley 

do i  mile  above  junction  with  South  Fork 

Tuolunme, South  Fork.,    i  mile  above  mouth 


Tuolumne '  2i5feet  above  falls,  lower  end  Tuolumne 

I      Meadows. 


Ang.fSS  ' do '  Wards  Forry,  300  feet  below  bridge 


'feet. 
M.O 

30.0 


8L0 
67.0 

im.o 

66.0 
33.0 
40.0 
29.0 
8.5 


67.0 
1.0 


68.0 
2.0 

68.0 

126.0 

73.0 

54.0 

16,0 

193.0 
170.0 
168.0 

158.0 
12.0 

170.0 
129.0 
154.0 
166.0 
126.0 
6.0 

6.0 

4.4 
3.0 

66.0 
7.0 

0.5 

4.0 

8».0 

152.0 

20.0 

23.0 

156.0 
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■Si',  *. 


MiacellaneouH  measurementH  in  Sari  FranctHco  Bay  drainage  Ixisitt — Ckmtinnfd 


Date. 

1002. 
Aug.  86 
25 

27 

27 
27 

Sept.  3 
8 


8 

4 

4 

Aug.  80 

31 

31 

Sept.  8 
1 
1 
4 

6 
6 
6 

8 
10 
10 
10 

9 

10 
8 
11 
12 
12 

12 

17 

18 

18 
18 
18 
18 
20 


Stream. 


Tuolumne 
do 


.do..«. 
.do.... 
.do.... 


Merced 
.....do.. 


.do 


.do 


Merced,  South  Fork 
Merced,  North  Fork 

Merced 

do 


.do 
.do 
.do 
.do 


San  Joaquin 

....do 

do 


do 

Mono  Creek 

San  Joaquin,  South  Fork 
Big  Creek 


San  Joaquin,North  Fork 

San  Joaquin 

do 

....do 

do 

do 


Location. 


Jacksonville,  at  cable  crossing. 
Woods  Creek,  Jacksonville 


G«ee        Dis- 


Ffft. 


!<• 


Lagrange  ditch  and  Hydraulic  Mining  Co. 
canal  above  Lagrange  dam. 

Turlock  canal,  at  gate  where  canal  leaves 
headworks  tunnel. 

Lagrange,  1,000  feet  below  bridge 

Total  at  Lagrange 


Ulllouette  Creek,  100  yards  above  junction 
with  Merced. 

ISO  feet  above  Junction  with  Illiloaette 
Creek. 

Total  above  intake,  electric  power 
tunnel,  Yoeemite  Valley. 

Tenaya^fiO  yards  above  bridge,  near  camp,   ' 
Ideal  Valley.  1 

Bridal  Veil  Creek,  50  yards  below  bridge  . .  i 

Below  buildings  at  Wawona ! 

At  junction I 

Bonton  Mills  power  house,  in  flume i 


Horseshoe  Bend,  900  feet  below  old  suspen- 
sion bridge. 

1  mile  above  Merced  Falls _... 

Merced  FaHs,  1,000  feet  below  dam 

Ditch  below  power  house,  Merced  Falls 


1 


Crocker  Hoffman  canal,  at  road  bridge,  8 
miles  below  Snelllng. 

Qranite  Creek,  100  feet  below  sheep  bridge. 

300  feet  below  junction  with  Jackass  Creek . 

Jackass  Creek,  60  feet  above  junction  with 
San  Joaquin. 

Middle  Fork,  800  feet  above  Miller  Bridge . . 

At  lowest  trail  crossing 

Trail  crossing  from  Mono  to  Pine  Ridge  . . . 

Dam  site,  lower  end  of  valley,  trail  from 
Mono  to  Pine  Ridge. 


Canal,  at  reservoir  in  flume  above  San  Joa- 
quin  power  house.  I 

Below  San  Joaquin  electric  power  house ' 

Pollasky,  north  of  i>a>vllion ' 

Herndon,  at  road  bridge ' 

Below  dam,  at  Mendote 


do 

King. 


King,  North  Fork. 

do 

.....do 

.....do 

King,  Middle  Fork. 
do 


Miller  and  Lux  canal,  small  dam  intake 
No.  3. 

Miller  and  Lux  canal,  at  canal  bridge  No.  S. 

Dinkey  Creek,  75  feet  below  old  bridge, 
road  Ockenden  to  Laurel  Creek. 

100  yards  above  trail  crossing,  1  mile  from 
Cliff  camp. 

Bear  Creek  (estimated) 

Deer  Creek  (estimated) 

Blue  Canyon  Creek 

Crown  Creek 

300  feet  below  trail  to  Simpfions  Mecidows.. 


Vf. 


5.1 


I 

'A- 
'A 


a. 

1i" 


»•' 


3' 

5.11 


r 

1'^ 

« 


"  !» 
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^fi«ot'2latie<mis  measurements  in  San  Francisco  Bay  drainage  bcwtn— Continned. 


Date. 

Sept-:i2 
22 

2S 

JK 

23 
22 
225 
21 
24 

22 

24 

24 
24 

25 

26 
25 
12 
27 


Stream. 


Oct. 


King,  South  Pork 


.do 


.do 


.do 


[ do 

I  King,  North  Fork 

I   King 

. do 

I do 


...do 
_..do 


.do 
do 


.do 
.do 


Kaweah,  North  Fork. 
Ka weah.  East  Fork . . . 
do 


31) 
10 
26 
29 


.do 
.do 
.do 
.do 


Kaweah,  South  Fork 


HO 

1 


2 
2 


.do 
Tule,  East  Fork 


Location. 


Gage 
leight. 


heig 


Feet. 


Bnbbs Creek,  100  jardsaboye  junction  with 
South  Fork. 

100  yards  below  trail,  i  mile  above  junction 
Bubbe  Creek. 

Total  below  mouth  of  Bubbs  Creek. . . 

Granite  Creek,  60  yards  above  bridge  on 
trail  crossing. 

Sheep  Creek,  just  above  old  hotel  (esti- 
mated). 

Roaring  River,  at  trail  crossing 

i  mile  above  mouth 

Big  Creek,  just  above  mouth 

At  Red  Mountain  gaging  station 

76  canal,  near  headworks.  Trimmer  Springs 
croesroad. 

Enterprise  canal.  Trimmer  Springs  cross- 
road. 

Church  canal.  Trimmer   Springs  cross- 
road. 

Fowler  Switch  canal 

Kingsburg  canal.  Trimmer  Springs  cross- 
road. 

At  bridge,  1  mile  north  of  Beedley 

Kingsburg,  below  wagon-road  bridge 

Lower  end  of  Davis  ranch 

Mount  Whitney  Power  Co.'s  flume 


i  mile  above  headworks,  Mount  Whitney 
Power  Co.'s  flume. 

SOO  feet  below  junction  diversion,  Mount 
Whitney  Power  Co.'s  flume. 

Marble  Fork,  100  yards  above  junction 
with  Middle  Fork. 

100  yards  below  trail  crossing  from  Sol- 
diers Gamp  to  Tar  Qap. 

100  yards  above  junction  with  Marble  Fork. 

3  miles  above  Three  Rivers 

i  mile  above  Sequoia  National  Park  line . . 


.do. 


at  lower  end  of  Hackett 


Horse  Creek 
Meadow. 

200  yards  above  bridge  on  road  from  Lemon 
Cx)ve  to  Three  Rivera. 

Seauoia    National    Park    line,   Cahoon's 
I>lace. 

Near  lower  end  of  sand  meadows 

i  mile  above  iron  bridge 


East  Mount  Moses  near  headworks  Doyle 
Power  ditch. 

Above  headworks  Doyle  Power  ditch 


I 


Trail  crossing  near  junction  East  Fork 

100  yards  above  junction  with  Middle  Fork. 

Total  below  junction  of  Middle  and 
East  forks. 


.do 1  Trail  crossing  from  Nelsons  to  Indian  Bes- 

I      ervation. 


Tule,  South  Fork Tom  Whea ton's  ranch . 


.do 6  miles  below  Indian  Agency,  50  yards 

above  crossroads. 


4.0 


Dis- 
charge. 


Sec.'feet. 
82.0 

29.0 


61.0 
0.7 

2.0 

10.0 

86.0 

0.6 

217.0 

31.0 

2.0 

121.0 

0.0 
5.0 

74.0 

117.0 

4.0 

18.0 

15.0 

15.5 

4.0 

11.0 

20.0 
31.0 
31.0 
29.0 
1.0 

0.7 

9.8 

2.0 

83.0 

2.6 

14.0 


24.0 
15.0 


80.0 

10.0 

8.0 
8.0 


IBR  85— ca- 


ll 
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MisceUaneoiuH  ineamirementa  in  San  Francisco  Bay  drainage  basin — OintiiitiHl 


Date. 

1902. 

Oct.     2 

May  15 

Oct.     3 

2 

8 
3 
8 

3 

i 
4 

6 

6 
6 

6 


Stream. 


Tule,  North  Fork 
Tiilo,  South  Fork. 

do 

Tule 


Liocation. 


hei^iit.   efaar^ 


Ki^t.     .s*. 


At  junction  with  main  river 
Near  mouth 


do. 


.do 
.do 
.do 

.do 


Eem,  North  Fork. 
do 


McFarlands Bridge,  8  miles  east  of  Porter»-  < 
ville. 

Pioneer  canal  intake _, 

Pioneer  canal,  1  mile  below  head  gate | 

1  mile  below  intake  Pioneer  canal,  oppo- 
site above  point.  [ 

Pioneer  canal,  Portersville  orange  grove,   ' 
no  water  used  for  irrigation.  i 


Little  Kern,  100  yards  above  junction  with 
North  Fork. 


.do 

.do 
.do 


100  yards  above  Little  Kern. 


I 


Total 

Thurston    ditch,   road    crossing    to   Hot 
Springs. 

Upper  Murphy  ditch,  entrance  to  weir 


I 


Stafford  &  Neil  ditch  at  old  bridge  back  I 
of  church.  , 


.do Sumner  ditch,  just  above  dairy. 


6  I do 

I 

6  I do 

6   do 


West  channel,  point  diversion,  Kern  River 
Power  Co. 

Center    channel,   point    diversion,  Eem 
River  Power  Co. 

East  channel,  point  diversion,  Kern  River 
Power  Co. 


Total 


7 


.do 


.do 


.do 


.do 


8 


8 


.do 


.do 


8  , do 

8     Kern  South  Fork , 

8     Kern,  North  Fork ' 


8    do. 

8    Kei-n  . 
8  ' do 


i  mile  above  mouth  of  Salmon,  between 
Salmon  and  Tobias  creeks. 

Salmon  Creek,  50  yards  above   junction 
with  Kern.  , 

4  mile  above  gaging  station,  Kern  River 
Power  Co. 

350  yards  below  wagon  bridge,  Isabella  to 
Kernville. 

Hooper  ditch  at  wagon  bridge,  Isabella  to 
Kernville. 

Stafford  &  Neil  ditch,  just  above  flume  in 
gulch. 

Lower  Stafford  ditch  

Above  junction  with  Kern 


8   do 

8 do 

7    do 


8 
8 


.do 
do 

.do 


Lower  Murphy  ditch,  75  yards  above  Wel- 
don  crossroads.  1 

Bennett  &  Kelley  ditch,  above   Weldon  ' 
crossroads.  i 

200  yards  below  junction.  North  and  South  ' 
forks.  1 

i  mile   above  ix)wer   house,  Kern  River  i 
Power  Co.  ■ 

Below  Clear  Creek i 

Clear  Creek  at  mouth 1 

i  mile  liolow  power  house  at  mouth  of  can- 
yon. 

"  First  point  of  measurement" 

Democrat  Springs  at  cable  Edison  Electric 
Co. 

Proposed  site  of  Edison  power  house  below 
intake  of  comiwiny's  tunnel. 


't  > 
15j- 

it- 
i.v.  t 

L5 


1*1' 


1',  •> 


6,1' 


ifr.n 

a« 

u: 

IT*  ' 

iri-' 
17'" 

14." 


NEWEi.i.]  STREAM   MEASUREMENTS   IN    1902,  PART   IV.  163 

SOUTnEIlX  CAIilFORXIA  DRAINAGE. 

Under  the  head  of  Southern  California  drainage  have  been  included 
data  concerning  the  streams  of  that  part  of  the  St-ate  south  of  the  San 
Joaquin  Basin.  There  are  thus  included  the  Mohave,  which  flows  from 
tho  mountains  north  of  San  Bernardino  into  the  Mohave  Desert,  a  por- 
tion of  the  Great  Interior  Basin,  as  well  as  those  flowing  toward  the 
south  or  southwest,  whose  waters,  in  times  of  flood  at  least,  leach  the 
Pacific  Ocean. 

Arroyo  Seco  rises  on  the  eastern  slope  of  the  Santa  Lucia  Moun- 
tains and  flows  east  and  empties  into  Salinas  River  at  Soledad,  Cal. 

San  Lorenzo  Creek  drains  the  western  slopes  of  the  Gavilan  Moun- 
tains and  enters  Salinas  River  near  King  City,  Cal.  There  is  a  reser- 
voir and  dam  site  5  miles  above  its  mouth.  The  flood  waters  are  used 
for  winter  irrigation.  Salinas  River  drains  into  the  Pacific  through 
Monterey  Bay. 

The  drainage  basin  of  San  Gabriel  River  lies  on  the  southern  slope 
of  the  Sierra  Madre,  being  included  in  Los  Angeles  County,  Cal. 
The  various  tributaries  join  the  river  before  it  enters  its  lowest  can- 
yon, whence  it  appears  finally  on  the  plain  in  the  vicinity  of  Azusa. 
The  seepage  waters  of  this  valley  appear  lower  down  in  the  river  and 
finally  enter  the  Pacific  Ocean  not  far  from  the  mouth  of  Los  Angeles 
River.  All  of  the  surplus  waters  of  this  stream  are  now  used  for 
irrigation  purposes,  and  it  is  only  an  occasional  flood  that  passes  the 
gaging  station. 

Santa  Ana  River  has  its  source  on  the  southern  slope  of  the  San 
Bernardino  Mountains  and  flows  southerly,  appearing  from  its  can- 
3'on  4  miles  north  of  Redlands.  Its  waters  are  completely  used  in 
San  Bernardino  Valle)\  At  the  lower  part  of  the  valley  the  water 
appears  again  in  the  vicinity  of  Rincon  where  the  river  passes  through 
a  comparatively  narrow  gorge,  and  the  general  direction  of  the  stream 
is  thence  southwesterly,  emptying  into  the  Pacific  Ocean. 

The  headwaters  of  Mohave  River  have  their  source  on  the  northern 
slope  of  the  Sierra  Madre.  It  flows  north,  finally  disappearing  in  the 
sands  of  the  Mohave  Desert. 

The  following  is  a  list  of  the  stations  in  the  Southern  California 
drainage: 

Arroyo  Seco  at  Pettitt's  ranch,  near  Soledad,  Monterey  County,  Cal. 
San  Lorenzo  Creek  near  King  City,  Cal. 
Sau  Gahriel  River  and  canals  at  Azusa,  Cal. 
Santa  Ana  River  helow  Warmsprings,  Cal. 
Mohave  River  at  Victorville,  Cal. 

ARROYO   SECO  AT  PETTITT'S  RANCH,  NEAR  SOLEDAD,  MONTEREY 

COUNTY,  CAL. 

A  gaging  station  was  established  by  W.  W.  Coekins,  jr.,  December, 
11)00,  at  Foster's  ranch,  near  Piney  post-office,  California.  The  high 
water  of  January,  1001,  enlarged  an  old  channel,  and  the  gaging  sta- 
tion was  removed  to  Pettitt's  ranch,  4  miles  below.  The  purpose  of 
establishing  these  gaging  stations  was  to  got  the  maximum  flood  dis- 
charge and  the  amount  of  water  available  for  storage.    The  total  area 


164 


STREAM   MEASUREMENTS   IN   1902,   PART    TV. 


[Jlt\  V 


of  the  basin  drained  above  Pettitt's  ranch  is  215  square  miles.    Thtf 
observer  is  Mrs.  Charles  Pettitt. 

Discharge  inecLsurements  of  Arroyo  Seco  at  PettitVa  ranch  near  Soleda<i^  31<mtfrry 

County,  CaL 


Date. 

Hjdrographer 

• 

faei^t. 

I>i8cbanr!* 
Second  f'^y  t 

1902. 

1 

1 
1 

! 

1     F^ft. 

Febmaiy  24 . 

February  25 

.      S.  C^.  Bennett  _  _  _ 

>       8 

.2      , 

1. 

::>' 

. . .  .  . 

...do 

» 

1 
11 

p*      1 

.  4 

* , 

Vv 

February  26 

.  -de 

► 

9 

.0 

»> 

». 

» « • 

April29 

...dc 

► 

0 

.75  ' 

144 

July  18... 

August  7 - 

H.  Hamlin 

5 

.08  i 

1' 

..-de 

► 

'    4 

.9      > 

1 

.1 

November  14 

1 

...dc 

) 

\    5 

►.42   ' 

yt 

November  15 

. 

...dc 

► 

.  -  .  . . 

:   5 

1 

1.40 

1 

:V. 

December  31 

S.Q.Benne 

^tt 

5.40  1 

1 

4^} 

Daily  gage  h?ight,  in 

feet, 

Jan.  I 

1 

1 

1 

5.3  i 

of  Arroyo 
rey 

Feb.  Mar.; 

1.    _ 

1 

5.3      7.5  1 

•  Sea 

CoU7 

Apr. 

}at  F 
^ty,  C 

*€ttitt 
al. 

Jnne. 

1 
5.5  i 

's  ranch  near  f 

^oleth 

Oct. 



4.8 

id.  Mo 

Not.   ] 

1 

5.2 

;.?.- 

Day. 

1 

May.'t 

"'I 

5.7' 

1 

July. 

Aug. 

Sept. 
4.9 

Or. 

19(K.                    ! 
1 ' 

5.9 

5.2 

1 
5.0  1 

«   « 

A  J 

2 ' 

5.3  1 

5.3  1 

8.7 

6.0 

5.7  1 

5.4 

5.2 

5.0  J 

4.9 

4.8 

5.2 

.!-• 

3 

5.3' 

5.3  1 

7.8 

5.9 

5.;; 

5.6  i 

5.2 

5.0 

4.8 

4.8 

5.2 

.%  .' 

4 

5.3 

5.3 

7.2 

5.8 

5.7  1 

5.4 

1 

6.2 

4.9. 

4.9 

I     4-8 

5.2 

h% 

5 

5.3 

5.3  , 

6.9 

5.8 

5.  t 

5.4! 

5.2 

6.0  ; 

4.8 

1     4.» 

5.1* 

.'».  '•» 

6 - 

5.3 

5.3 

7.1 

5.8 

5.7 

5.4 

5.2 

4.9 

4.9 

4.8 

5.1 

M 

7 

5.3 

5.3 

6.9 

8.1 

5.7 

5.4 

6.2 

4.9 

4.8 

•     4.9 

5-1 

3  ' 

8 

5.3 

5.3 

8.3  , 

6.1 

5.6 

5.4 

5.2 

4.9 

4.8 

4.9 

5,1 

*  i 

9 

.->.3 

5.7 

7.9 

6.4 

1    5.7 

5.4 

5.2 

4.9 

4.8 

4.9 

5.1 

&4 

U) - 

5.3 

5.5 

7.3' 

6.3 

5.6 

5.4 

5.2 

4.9 

1 

4.8 

4.9 

7.0 

.\  • 

11 

5.3 

1. 1 

6.2 

6.6 

8.4! 

5.2 

4.9 

4.8 

4.9 

5.9 

^  T 

12 , 

5.3 

5.6 

8.8; 

6.2 

;    8.6 

5.4 

5.2 

4.9! 

4.8 

4.9 

5-5 

•i: 

13 ' 

5.3 

5.5 

6.«' 

6.1 

!    5.6 

1 

5.4' 

5.2 

4.9  , 

4.8 

5.0 

5.5 

5: 

U 

5.3 

6.5 

6.5 

6.0 

,    5.6 

5.4  , 

5.1 

4.9 

4.8 

4.9 

3l4 

s-^ 

15 

5.3 

6.4 

6.4 

6.0 

,    5.6 

5.4 

5.1 

4.9 

4.8 

5.0 

5.4 

i* 

16 1 

5.3 

6.0 

6.3 

6.0 

'    5.6 

5.8 

5.1 

4.9 

4.8 

4.9 

5.4 

h: 

17 1 

5.3 

1    6.0 

6.3 

6.0 

;    5.6 

5.3 

5.1 

4.9  ! 

4.8 

5.0 

5.4 

i' 

18 ' 

5.3 

5.9 

6.2 

5.9 

6.6 

5.8 

5.1 

4.9' 

4.8 

4.9 

5.4 

'^  5 

19 

5.8 

5.9 

6.4 

5.9 

'    5.5 

1 

5.8 

5.1 

4.9 

4.8 

5.0 

5.4 

i" 

ao 1 

5.4 

5.7 

B.2 

5.9 

1    5.5 

6.8 

5.1 

4.9 

4.8 

5.0 

5.4 

.^3 

21 

5.3 
5.3 
6.3 

7.4 
6.3 

«.l 
6.0 
6.0 

5.9 
5.9 

5.8 

1    '-' 
>    5.6 

5.5 

6.8 
5.8 
5.8 

5.1 

5.1 
5.0 

4.9 
4.9  . 
4.9  < 

4.8 
4.8 
4.8 

5,0 
5.0 
5-0 

;i.4 
5.3 

5.3 

4  - 

22 

23 

A* 

24 

6.3 

'    8.7 

6.1 

6.0 

5.6 

5.8 

5.0 

4.9' 

1 

4.8 

5.8 

58 

.1  3 

25 

5.4 
5.4 
.5.4 

'    9.1 

;  9.1 

8.2 

6.0 
6.1 
6.0 

5.9 
5.9 

5.8 

5.5 

5.5 

1    5.5 

1    5.8 
5.2 

\    5.2 

5.0 
5.0 
5.0 

4.9 
4.9 

4.9  1 

4.8 
4.8 
4.8 

5.5 
5.4 
5.2 

5.3 
53 
53 

■a 

26 

J  4 

37 

»5 

28 

5.4 

7.8 

j    5.9 

5.8 

5.5 

'    5.2 

5.0 

<    4.9 

1 

4.8 

5.2 

53 

^  « 

29 

5.4 

,    .5.9 

1    5.8 

5.5 

5.2 

5.0 

'  4.9! 

4.8 

5.2 

5.3 

X* 

30 

6.3 

'    5.9 

1 
5.8 

5. 5 

5.2 

5.0 

'  *»\ 

4.8 

5.2 

5.3 

•k4 

31 

5. 3 

;    5. 9 

1 

5.5 

6.0 

1 

■     1 

1    *'^'\ 

5.2 

*i 
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Rating  table  for  Arroyo  Seco  River  at  PettitVs  ranch  near  Soledad,  Monterey 

County^  Cal.,for  1902. 


Oafipe 
height 

Keet. 
5.0 

5.2 

5.4 

5.6 

5.8 

6.0 

6.2 

6.4 

6.6 


Discharge. 


Gage 
height. 


' 

1 

Second-feet. , 

7     . 

Feet. 
6.8 

15 

7.0 

40 

7.2 

75 

7.4 

145 

7.6 

230 

7.8 

320     1 

8.0 

410 

8.2 

510     1 

1 

8.4 

Discharge. 

Second-feet. 
620 

750 

890 

1,030 

1,190 

1,360 

1,550 

1,750 

1,970 


Gage 
height. 


Feet. 
8.6 

8.8 

9.0 

9.2 

9.4 

9.6 

9.8 

10.0 

10.2 


Discharge. 

Gage 
height. 

Feet. 

Second-feet . 

2,200 

10.4 

2, 450 

10.6 

2,720 

10.8 

3,010 

11.0 

3,320 

11.2 

3,650 

11.4 

4,000 

11.6 

4,360 

11.8 

4,740 

12.0 

Discharge. 


Second-feet, 
5,130 

5, 540 

5,960 

6, 380 

6,800 

7,220 

7,650 

8,090 

^  8,530 


Estimated  monthly  discharge  of  Arroyo  Seco  at  PettitVs  ranch  near  Soledad,  Mon- 
terey County,  Cal. 

[Drainage  area,  215  square  miles.] 


Month. 


1902. 

January 

February  .-. 

March  _ 

April 

May  — 

Jtme 

July- 

Angnst 

September  . . 

October 

November  .. 
December  _  _ . 


Discharge  in  second-feet. 


Maximnm. 


Minimum. 


The  year 


40 

2,860 

2,320 

1,650 

105 

55 

15 

7 

3 

55 

750 

145 

2,860 


Mean. 


or; 


25 

185 
145 

55 

15 

7 
3 

0  ' 
11 
25 


2S 
605 
620 
270 

74 


Total  in  acre- 
feet. 


0 


12 

4 

0 

9 

57 

54 

147 


1,722 

33, 600 

38, 122 

16, 066 

4, 550 

1,904 

738 

246 

0 

553 

3,392 

3,320 

104, 213 


Run-o;ff. 


Second-feet 

per  square 

mile. 


0.13 

2.81 

2.88 

1.26 

.34 

.15 

.06 

.02 

.00 

.04 

.27 


.25 


Depth  in 

inches. 


.68 


0  15 

2.93 

3.32 

1.41 

.39 

.17 

.07 

.02 

.00 

.05 

.80 

.29 

9.10 
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SAN  LORENZO   CAREER  NEAR  KING   CITY,  CAL. 

A  gaging  station  was  established  December  16,1900,  at  Hollenl)e(fk> 
ranch.  To  obtain  a  reliable  observer  it  was  necessary  to  move  thn 
gaging  station  to  the  Mathews  dam  site  one-half  mile  above  the  Ifo!- 
lenbeck  ranch  on  November,  1901.  The  stream  is  very  flashy,  and  tlh 
rating  curve  for  1902  was  completed  by  taking  the  cross  section  am 
slope  with  a  level  and  calculating  the  discharge  by  the  Kutters  for- 
mula.    The  observer  is  J.  L.  Mathews. 

Discharge  measurements  of  San  Lorenzo  Creek  near  King  City,  Cal. 


Date. 

Hydrographer. 

Oage 

1 

'  Disrharf?^. 

I 

1902. 
Januarv  24-   

S.  G.  Benn< 
do  .... 

3tt-. 

Feet. 
0.9 

Second-/'^  t. 
7\ 

Febmarv  24 .  _ 

1.09 
.09 

April  30 

do 

.) 

July  16. - _■. 

H.  Hamlin 

i 

November  12 

C 

1 

lo  .... 

.»5 

Daily  gage  height,  in  feet,  of  San  Lorenzo  Creek 

near  King  (Jity^  Cal. 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

0.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9! 

.9  , 
.9 

.9' 

.8 

.8 

.8 

.8 

.8 

.8 

.8 

.8 

.8 

.8 

.9 

•9 
.9 

.9 

Oct.    '   Nov. 

1 

1 

Dei- 

1902. 
1 

0.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
1.0 
1.0 
.9 

0.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9. 
1.7 
1.6 
1.7 
2.9 
8.  a 

1.1 

ao 

2.2 

1.4 

1.2 

1.6 

1.6 

1.8 

1.8 

1.6 

1.2 

1.2 

1.1 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

.9 

.9 

.9 

.9 

1.0 

1.0 

.9 

.9 

.9 

.9 

.9 

1 
1        1.0 

1         1.0 

1        1.0 

1         1.0 

'         1.0 

'         1.0 

'         1.0 

Ij' 

2 

1  " 

3 

u 

4 

.'/ 

6 

M 

6 

.^ 

7 

Jt 

8 

'         1.0               •' 

9 

1  0  1            "^ 

10 

a.v    1 

1.0  1          1.'' 

11 

'         18            1-' 

12 

1.7 

1.6 

1.6 

1            1    A 

l.'t 

13 

1" 

U 

.'.' 

15 

(< 

16 

1.6 

16 

? 

17 

s 

18 

^  \             i* 

19 

1 

0.9            1  S  1           .s 

20 

•           1                   X.  C»    1 

.9  1          17               ' 

21 

1.0  1         1  «               ' 

22 

1.0 
1.0 
1.0 
1.0 
1.0 

1  a 

Z\ 

1  4 

24 

14                > 

25 

14                ? 

26 -. 

t    A                       & 

27 

.9  1       1.5 
.9  1       1.2 

.9  1 

.9  ! 

.9    

1 

1.0             14'             ^ 

28 

1.0  '         14              " 

29 

1.0  ,         1.2 

1  0  1         1   <*              9 

30 

31 

1.0 

■m.  ^ 

* 
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Rating  table  for  San  Lorenzo  Creek  near  King  City,  Cal.^for  1902. 


Gaffe 
hoiKht. 


reef. 
0.8 
.9 
1.0 
1.1 
1.3 
1.8 


Diachar^e.  , 
Second-feet  J 

3     I 

I 
5         1 

15 
32 
50 
68 


Gage 
heisrbt. 


Feet. 
1.4 

1.5 

1.6 

1.7 

1.8 

1.9 


Gacre 


^^rge. ;  ^«»«|«_ 


Second-feet. 
88 

110 

136 

166 

200 

236 


Feet. 
2.0 

2.1 

2.2 

2.8 

2.4 

2.5 


Discharge. 

Second-feet. 
274 

317 

364 

415 

470 

525 


heigft.     DiBchargo. 


Feet. 

Second-feet. 

2.6 

585 

2.7 

650 

2.8 

720 

2.9 

795 

3.0 

1 

875 

Estimated  monthly  discharge  of  San  Lorenzo  Cre^k  near  King  City,  Cat. 

[Drainage  area,  235  square  miles.] 


Discharge  in  second-feet. 


Month. 


1902. 

January 

February  

March  _  _ 

April 

October  19-31 
November  _.. 
December 


Minimum. 

Mean. 

5 

6 

5 

69 

5 

81 

3 

4 

15 

85 

15 

5 

7 

Total  in  acre- 
feet. 


369 

3, 832 

4,980 

238 

357 

5, 057 

430 


Run-off. 


Second-feet  rvnT^+i,  <« 


0.03 
.29 
.34 
.02 
.06 
.36 
.03 


0. 03 
.30 
.39 
.02 
.03 
.40 
.03 


SAN  GABRIEL  RIVER  AND   CANALS  AT  AZUSA,  CAL. 

Owing  to  the  numerous  diversions  it  has  been  difficult  to  obtain 
accurate  discharge  measurements  at  Azusa;  but  during  1808  the  San 
Gabriel  Electric  Company  completed  its  system,  and  measurements 
are  now  obtained  with  greater  ease  and  hence  with  greater  accuracy. 
The  headworks  of  this  company  are  located  about  6  miles  above  the 
mouth  of  the  canyon;  the  water  is  carried  along  the  left  side  by  a 
series  of  tunnels  and  conduits,  and  a  head  of  400  feet  is  obtained 
where  the  electric  power  is  generated.  Weirs  are  placed  on  the  con- 
duit of  the  electric  company,  and  the  water  is  measured  at  this  point. 
The  capacity  of  the  conduit  is  90  second-feet. 

The  total  flow  of  the  river  is  obtained  by  adding  the  daily  discharge 
for  tlie  river  to  the  figures  for  the  corresponding  dates  for  the  canals. 
The  obseiTer  is  II.  F.  Parkinson. 
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Discharge  measurements  of  San  Oabriel  River  at  Azusa,  Oal. 


Date. 

Hydographer. 

Gaffe 
hetght. 

Discharge. 

Rexnarlcs. 

1902. 
Aprils 

S.Q. Bennett  __. 

* 

do 

Feet. 
1.4 

Second-feet. 
26.0 

34.0 
11.0 

Over  weirs   San    Galiri?! 
Power  Companv  Canal. 

Waste  gate   San  Gabriel 
Power  Company. 

Jtitia  12 

71.0 
25.7 

5.0 

Total  flow  of  San  G^biicl 
River. 

Flow  over  weirs   of  Sai 

September  1 

W.B.Clapp 

Gabriel     Power     C<>m- 
pany=total   flow  of 
river. 

Do. 

1 

Daily  gage  height,  in  feet,  of  San  Oabriel  River  at  Aztisa.  CaJ. 


Day. 

Feb. 

Mar. 

Apr. 

1.10 
1.50 
1.10 
1.06 
1.08 
1.00 
1.20 
1.20 
1.15 
1.10 
1.05 
1.00 
1.00 
0.95 
0.00 
0.00 

Nov. 
1.20 

Day. 

Feb. 

Mar.    Apr.'Xor. 

1902. 
1 

(") 

0.86 
3.00 
1.90 
1.56 
1.40 
1.57 
1.20 
1.20 
2.30 
1.95 
1.70 
1.60 
1.40 
1.30 
1.20 
1.10 

1902. 
17 

1.00    0  (k) 

2 

18 

.93  i  0  Oi1 

3 

19 

1.25  1  0  a) 

4 

20 

1.(15  1  0  a) 

5 

21 

.90  '  1  (S 

6 

22 

.80  '  0  l%l 

7 

23 

.90    0  m 

8           

24 

1. 85  1  0  00 

9 

25 

1.40  1  0  00 

10             

26 

1.75 
1.85 
1.05 

1.30  <  0  A> 

11 

27 

1.15  '  0  O)  1 

12 

28 

1.10  '  0  Oil  ' 

13 

29 

1.05     U  OD 

14 

80 





l.SO  ,  0  00 

15 

31 

1.10  . 

16 

1         "'  " 

I 

a  River  dry  January  1  to  February  25,  May  1  to  November  10,  and  November  12  to  I>eoemberdL 
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Zkzily  discharge^  in  second-feet y  of  San  Gabriel  canals  at  Azusa. 


Day. 


1.. 
2.. 
3.. 
4. 

^ 

». . 

6-. 

7.. 

8.. 

9. 
10.. 
U- 
12. 
13. 
U. 
15. 
16. 
17. 
18- 
19. 

ao. 

21. 
22. 
23. 
»4- 
25. 
2S. 
21. 
28. 
29. 
30. 
31. 


1908. 


Apr.  May., June. IJuly. 


30 
28 
26 
26 
25 
23 
21 
20 
20 
22. 
25 
25 
22 
22 


21 

10 

20 

10 

20 

10 

19 

10 

18 

10 

16 

8 

16 

8 

16 

8 

14 

8 

14 

8 

14 

8 

1* 

9 

14 

10 

15 

10 

15 

10 

14 

9 

8 

16 
16 
16 
17 
17 
16 
16 
14 
12 
12 
11 
10 
10 
10 


Aug.  Sept.  Oct.  [Nov. 


7 

4 

8 
7 
8 
8 
< 

7 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
7 
6 
6 
7 
6 
6 
6 
6 
6 
6 
-6 


5 
5 
5 
5 
5 
5 
5 
4 
5 
5 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 


6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
7 
8 
8 
8 
6 
6 
6 
6 
6 
7 
7 
8 
9 
10 
10 
9 
8 
8 
8 
8 
8 


Rating  table  for  San  Oabriel  River  at  Azusa,  Cat.,  for  1902. 


9 

8 

8 

8 

8 

8 

8 

9 

9 

9 

62 

43 

25 

23 

23 

23 

22 

22 

22 

22 

21 

20 

20 

20 

20 

20 

20 

20 

19 

17 


Dec. 


16 
16 
16 
16 
17 
17 
18 
18 
24 
30 
36 
82 
28 
26 
25 
25 
46 
68 
61 
55 
48 
42 
35 
35 
35 
35 
85 
84 
83 
82 
31 


Gaee 
height. 


Feet. 
0.8 

.9 

1.0 

1.1 

1.2 

1.3 

1.4 


Discharge.  I|  j^X 


Second-feet. 
4 

7 

10 

13 

,18 
24 

80 


Feet. 
1.5 

1.6 

1.7 

1.8 

1.9 

2.0 

2.1 


Discharge. 

Second-feet. 
37 
44 
52 
63 
77 
93 
110 


helg 


rht. 


Discharge. 


Feet. 

Second-feet. 

2.2 

128 

2.3 

147 

2.4 

167 

2.5 

188 

2.6 

210 

2.7 

234 

2.8 

260 

Gage 
height. 

Feet. 
2.9 

3.0 

3.1 

3.2 


Discharge. 


Second-feet. 
2«8 

318 

350 

384 
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Estimated  inonthly  diHcharge  of  Sa7i  Oabriel  River  at  A.zn^a,  Cal. 

[Drainage  area,  2ffi  square  miles.] 


iV      "• 


Discbargre  in  second-f  oet . 


Month. 


1902 

January 

February 

March _ 

April 

May -_- 

June 

July 

August 

September 

October 

November 

December 

The  year 


Maximum. 

Minimum. 

0 

0 

57 

0 

318 

4 

37 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

18 

0 

0 

0 

acrt-l-.r" 


0 


318 


0 


3 

1'^ 

38 

7 

v: 

0 

V 

0 

1 

0 

(' 

0 

\ 

0 

'.' 

0 

1- 

0 

il 

0 

!' 

-    -1 

4  1 

1 
1 

0  jr_; 

Estimated  monthly  discharge  of  San  Gabriel  canals  at  Asmsa,  Cal. 

[Drainage  area  228  square  miles.] 


Month. 


1902. 

January 

February 

March 

April 

Mav 

June 

July __ 

August 

September 

October 

November  _ 

December 

The  year . 


Discharge  in  second-feet. 


MaTJmum.  '  JMUnimnm.  i    Mean. 


2?  ' 


24 

7 

55 

46 

80 

14 

8 

6 

4 

6 

8 

16 


28 
34 
61 
59 
39 
20 
11 

i 

5 
i 

19 
32 


Tow!  \t 
acre-ff^ 

l,r2:- 

1,'-'^^ 

3.r»: 

3,.nl 

2.:^ 

1,1'.»' 

6:t 

4:-i' 

4:.- 

LV': 

i.t*>^ 

19.:»' 
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Kstinuited  monthly  discharge  of  San  Gabriel  River  and  canals  at  Azusa,  Cal. 

[DraluaKo  area  222  s<^iuare  milus.] 


Dii^^har{?e  in  second-feet 


Month 


1902. 
January  _      . .  _ 

February . 

March  _  _ 

April 

May 

June . 

July 

August   

Septeml)er 

October 

November 

December 

Tbe  year 


24 

28 

38 

37 

63 

99 

48 

66 

30 

39 

14 

20 

8 

11 

6 

7 

4 

5 

6 

7 

8 

19 

16 

32 

4 

31 

Run-off. 


Total  in 

acro-foot.    '  Second-feet 
per  square 
mile. 


1,722 
2, 055 

6,088 
3,928 


0.13 
.17 

.45  j 
.30  I 


Depth  in 
inches. 


0.15 
.18 
.52 
.33 


2,398 

.18 

.21 

1,190 

.09 

.10 

676 

.05 

.06 

430 

.03 

.03 

298 

.02 

.02 

430 

.03 

.03 

1,131 

.09 

.10 

1,968 

.14 

.16 

22, 314 

.14 

1.89 

SANTA   ANA  RIVER  BELOW  WARMSPRINGS,  CAL. 

This  station,  established  June,  18!)6,  is  located  5  miles  northeast  of 
Mentone,  Cal.,  three- fourths  of  a  mile  below  the  head  works  of  the 
Santa  Ana  canal  and  opposite  the  warm  springs  in  the  canyon.  The 
gage  is  an  inclined  timber  fastened  to  a  large  bowlder  and  posts  set 
in  the  bank  of  the  river.     The  observer  is  A.  Larrd. 

Owing  to  the  shifting  nature  of  the  stream  bed  it  has  not  been  pos- 
sible to  construct  perfectly  satisfactory  rating  curves,  but  the  tables 
as  presented  ai;e  based  on  the  best  information  that  could  be  obtained. 
The  record  is  not  considered  absolutely  correct,  but  is  given  as  an 
approximation.  This  river  is  one  of  the  most  difficult  streams  in  the 
State  of  which  to  obtain  an  accurate  record.  The  Edison  Electric 
Company  diverts  the  greater  portion  of  the  water  of  Santa  Ana  River 
above  the  gaging  station,  but  also  returns  all  of  it  above  the  station. 
They,  however,  allow  only  limited  portions  of  the  water  to  pass  out  of 
their  conduits  during  certain  hours  of  the  day,  holding  back  the  water 
for  the  puri)ose  of  obtaining  additional  i)ower  when  the  greatest  demand 
exi.sts.  The  Santa  Ana  canal,  as  mentioned  above,  also  diverts  water 
from  Santa  Ana  River  above  tlie  station,  all  of  which  is  returned  to 
the  channel  of  the  stream  after  jmssing  the  point  of  measurement. 
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During  the  greater  part  of  the  year  the  canals  at  the  mouth  of  the 
canyon  divert  all  of  the  water.  At  such  times  the  discharge  of  Sania 
Ana  River  was  obtained  by  observations  on  weirs  at  the  head  worb 
of  Green  Spot  pipe  line,  Highlands  canal,  and  Redlands  canal.  Tht^ 
water  entering  Redlands  canal  from  the  Redlands  tunnel  and  MortoB 
Canyon  was  assumed  to  offset  the  loss  by  evaporation  and  seepajr^* 
between  the  old  gaging  station  and  the  mouth  of  the  canyon. 


Discharge  measurements  of  Santa  Ana  River  and  canal  at  Warmsprings,  Cd. 

Date. 

Hydrographer. 

Owre 
height. 

Discharge. 

Second-feet. 
51 

4 

1 
Remarks. 

1902. 
April5 

S.  Q.  Bemiett--- 
do 

Feet. 
1.39 

River. 

Santa  Ana  Canal. 

55 

8 
21 

Total     discharge    from 
drainage  basin. 

May  31 

.91 

River. 

do 

W.B.  aapp...: 
S.  Q.  Bennett- -- 

Santa  Ana  Canal. 

29 

5 

18 

23 

Total  flow. 

JtdylO 

.84 

River. 

Santa  Ana  CanaL 



Total. 

September  3 

.95 

10 
14 

River. 

£anta  Ana  Canal. 

.87 

24 

Total. 

November  5 

5 
13 

River. 

Santa  Ana  Canal. 

"■"""""■■  " 

18 

I  TotAl. 

1 

NEWEJLL.] 


SOUTHERN    CALIFORNIA    DRAINAGE. 


173 


Daily  gage  height ,  in  feet,  and  discharge,  in  second-feet,  of  Santa  Ana  River  and 

canal «  at  Warmsprings,  Cal. 


28. 
24. 

25. 

26. 

27. 

28 

29 

30 

31 


Jan. 


Feb. 


Mar. 


June. 


Day. 


9 


8i 


1902. 
1 , 

2 

3 ' 

4 

5 , 

6 

7 ' 

8 ! 

9 

10 1  

n 

12 1 

13 

u ! 

15 ' 

16 1 

1 

17 1 

1  

18 

19 1 

20 1 

21 

2! 1 

22  I 
24  I 
Zi  I 

23  I 
23  I 
21' 
23' 
23' 
22 
23' 
23' 
23| 
23  ' 
28 
23 
23 
23 
23 
24 
22 
24 
24 
45 
41 
28 
25 
26 
25 
21 
21 


2.20 
1.60 
1.60 


20 
24 
22 

25 
27 
28 
27 
27 
27 
27 
28 
28 
28 
27 
28 
28 
28 
28 
27 
26 
26 
32 
33 
30 
33 
240 
80 
68 


Gage 
height. 

Di»- 
charge. 

1.50 

63 

2.80 

485 

1.60 

80 

1.50 

63 

1.50 

63 

1.26 

81 

1.45 

56 

1.36 

43 

2.03 

187 

1.70 

102 

1.55 

72 

1.55 

72 

1.55 

72 

1.55 

72 

1.35 

42 

1.23 

29 

1.25 

31 

1.26 

81 

1.30 

36 

1.25 

31 

1.22 

28 

1.25 

31 

1.30 

36 

1.40 

48 

1.45 

66 

1.60 

63 

1.55 

72 

1.53 

68 

1.53 

68 

1.50 

6!) 

1.45 

66 

1.35 
1.40 
1.40 
1.40 
1.45 
1.83 
1.35 
1.38 
1.30 
1.30 
1.27 


42 
48 
48 
48 
56 
40 
42 
46 
36 
36 
33 


1.27 

33 

1 

1.25 

31  ' 

1.24 

30  1 

1.24 

30 

1 

1.24 

30 

1.23 

29 

1.23 

29 

1.24 

30 

.   -  - 1 

1.25 

31 

1 

1.45 

56 

1 

1.30 

36 

1 

1.31 

37 
54 
49 
47 
46 
43 
46 
44 



45 
44 

43 
43 
42 
40 
39 
40 
38 
38 
37 
34 
34 
38 
34 
85 
3b 
35 
35 
83 
33 
32 
38 
33 
82 
34 
31 
31 
31 
81 
31 


88 
30 
29 
30 
27 
29 
26 
26 
26 
82 
34 
40 
39 
99 
47 
45 
45 
46 
44 
29 
27 
27 
26 
89 
86 
80 
82 
81 
28 
28 


o  Discharge  of  river  was  obtained  by  measurements  over  weirs  on  days  when  gage  heights  are 
not  given. 
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Daily  gage  height,  in  feet,  and  discharge,  in  second-feet,  of  Saiitri  Ana  Rirer- 

canal  at  Warmsprings,  Cal. — Continued. 


Day. 


July. 


Aug. 


Sept. 


mri. 


3 
4 


5 


6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
90 
31 


24 

31 

31 

»{ 
23 
25 
25 
25 
'£] 
26 
26 
27 
26 
24 
24 
25 
24 
24 


25 

28 
26 
25 
30 
:«) 
27 
2*5 


«':S 


Q  * 


CX-t. 


Nov. 


D-^ 


24 
24 
25 
25 
25 
25 
26 
28 

m 

29 
28 
28,. 
28  I 
iS>  j. 
25  I 
25  |, 
25 

24  |. 
2Ji  I. 
22  |. 

22  i, 

■^\. 

22  |. 
2:^  I 

25;. 

22    . 

25  . 

2<)    . 

2»3    . 


23 
25 
26 
29 
26 
24 

2:^ 

28 

2:^ 

24 
25 
23 
28 
27 
24 
23 
24 
24 
25 
26 
26 
24 
23 
23 
22 
22 
23 
213 
25 
27 


rs 

ji''-' 

,23 


I 


® 

be 


31 
30 
31 

:« 

Ti 
36 
:J4 
37 
42 
4.3 
44 
42 
36 

:« 

35 
33 
32 

:)2 

34 
36 

40 

:» 

49 
51 
55 


49 
50 
47 
49 
52 


-5^ 

PS 


43 
2? 
23 

2i> 
19 
SI 

ai 

Si 

31 

26 
i^ 
SJ 
Z\ 
23 
19 

ao 

31 
25 
23 
^ 
24 
21 
2/. 
26 
26 
26 
36 
26 


?-5 


5 


<«  Dischari^re  of  river  w:ih  obtjiinod  by  measuremente  over  weirs  on  diiys  when.  j?a{^>  h.A^\\' 
not  given. 

Daily  mean  discharge,  in  second-feet,  of  Santa  Ana  canal (t^  below  Warm^jfr 

Cal. 


var 


<(  >r 


Day. 


Yah.    Mar.  i  Apr. 


Day. 


Feb.  1  Mar. ,  Apr. 


Day 


1902. 
1 

2 

3 

4 

5 

6 

7 

8 1 

9            ; 

10 i 

1 
11 -i 

1902. 


12 ; 

11 

12 

0  ' 

15 

13 

0  ! 

15 

14 

0  ' 

15 

15 

12  . 

15 

16 

11  , 

15 

17 

0  ; 

15 

18 

0  ' 

15 

19 

0 

15 

20 

0 

1"^  , 

21 

0 

15 

22 

0 
13 
15 
15 
13 
14 
14 
14 
14 
13 
14 


15 
15 
15 
15 
15 
14 
14 
13 
13 
13 
13 


2:}. 

24- 

1902. 



•25 

26 

0 

27 

0 

28 

0 

29. 

J*) 

Feb.  Mar   A^: 


14 

II 
0 
0 

() 
0 
II 


:ji. 


«  On  days  not  given  in  alxjve  table  there  was  no  discharge. 
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Ruthifj  table  for  Santa  Ana  River  below  Wannsprings,  Cal.^for  J 003. 


height. 


Discharge.      ^^,      Discharge.  I    ^^iX     Di^J^'Ke- '    & 


Frt 

1          \^ 

0 

1 

2 

3 

4 

5 

Second-feet . 
12 

18 
26 
36 

48 
68 


Feet. 
1.6 

1.7 

1.8 
1.9 
2.0 
2.1 


Second-feet. 
80 

102 

125 

150 

178 

208 


Feet. 
2.2 

2.3 

2.4 

2.5 

2.6 

2.7 


Second-feet. 
240 

277 

315 

355 

395 

440 


Feet. 

2.8 

2.9 
3.0 


Discharge. 

Second-feet. 

485 

540 
600 


Estimated   monthly  discharge  at  Santa  Ana  River  and  canal  below   Warm- 
springs,  Cal, 

[Drainage  area,  182  square  miles.] 


Month. 


Discharge  in  second 

-feet. 
Mean. 

1 
i 

Total  in 
acre-feet. 

Run-oflf. 

1 
1 

Maximnm.    Minlmnm. 

1 

Second-feet  j^^fu  i„ 

1 

45 

20 

24 

1,476 

1 

1 

0.13  1         0.15 

240 

20 

38 

2,110 

.21  ,          .22 

485 

41 

79 

4, 858 

.43  1          .50 

71 

4iJ 

51 

3,035 

.28  1          .31 

45 

31 

36 

2,214 

.20 

.23 

47 

23 

33 

1,964 

.18 

.20 

32 

23 

26 

1,599 

.14 

.16 

30 

22 

25 

1,537 

.14 

.16 

29 

22 

24 

1,428 

.13 

.15 

55                30 

39 

2,398 

.21  1          .24 

43 

19 

24 

1,428 

. 13             . 15 

27 

19 

22 

1,353 

.12 

.14 

485 

19 

35 

25,400 

.19 

2.61 

1902. 

January 

February 

March 

April 

May 

June 

Julv 

August .  - . 

S«»i)teniber 

()<.-to}>er  _   

November 

December 

The  year 


The  alx>Te  discharges  include  the  discharges  given  in  a  separate  table  of  Santa  Ana  Canal. 


MOHAVE  RIVER  AT  VICTORVILLE,    CAL. 

At  Victorville,  a  station  on  the  Atchison,  Topeka  and  Santa  Fe  Rail- 
road, the  river  passes  through  a  narrow  gorge,  locally  known  as  The 
Narrows.  This  place  has  been  under  investigation  as  a  possible  dam 
site,  and  soundings  for  the  depth  of  bed  rock  were  made  by  the 
Ignited  States  Geological  Survey  during  the  season  of  1899.  The 
greatest  depth  of  bed  rock  was  found  to  be  54  feet.     The  diamond 
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r.K,. 


drill  showed  the  rock  to  be  a  fine  granite.  A  more  detailed  accouc: 
of  this  exploration  will  be  found  in  the  Twenty-first  Annual  Rept^ru 
Part  IV.  Above  The  Narrows  the  valley  broadens  into  a  large  mv-r 
voir  site,  but  as  no  surveys  of  it  have  been  made  the  capa<?iiy  i> 
unknown.  In  order  to  determine  the  amount  of  water  available  iV.: 
storage  for  this  reservoir  a  gaging  station  was  established  Februarj 
27,  1899. 

During  1902  no  flood  passed  the  gaging  station.  The  channel  i>  in 
sand,  which  is  constantly  shifting.  The  rod  readings  are  of  liitl- 
value  during  low  stages.  Between  January  1, 1902,  and  May  3,  H"':?, 
the  discharge  varied  from  47  to  67  cubic  feet  per  second,  though  ib 
gage  reading  was  0. 9  for  the  entire  time.  At  the  latter  date  the  tkk 
readings  were  discontinued. 

The  mean  estimated  discharge  for  each  month  was  obtained  by 
averaging  the  discharge  as  obtained  by  meter  measurements  md«W 
during  the  month. 

Discharge  measurements  of  Mohave  River  at  Victorvillc^  CaJ. 
Date. 


u 


1902. 

Jannary  4 

January  21 

February  1 

February  25 

March  5 

March  29 

April  5 

April  19 

April  26 ._ _... 

May  10 

May  25 

June  8  ._ 

June  27 

July  5 .  _ 

July  26-. _. 

August  9 

August  15 _ 

October  20 _._ 

October  30 

November  10 _ .  1 do 

November  27 .i do 

I 

December  11 | do 


Hydrographer. 


hS^l  |i>^-^ 


P.H.Leahy 

....do 

...-do 

....do 

...-do 

....do 

..._do 

....do 

....do 

....do 

...-do 

....do 

do 

....do 

...-do 

do 

...-do 

....do 

.-..do 


0.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 


&ec.-ftt  t. 


I" 

■1. 


December  19 
December  27 


do 

S.  G.  Bennett 


47 


a, 


47 
41 


4^ 


4y 

4:' 

4:f 
55 
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.Estimated  monthly  discharge  of  Mohave  River  at  Victorville,  Cal, 

^  [Drainagre  area,  400  Bquare  miles.] 


Month. 


1902. 

January 

Febmarv  _  . . . 

March  .    

April . . 

May  _  -    

June .  

July 

Augnst 

September  «  . 

October 

November  _ . . 
December  _ . . 


The  year 


Discharge  in  second-feet. 


Maxlnmm. 


58 
63 
66 
67 
49 
53 
41 
48 


49 
50 
69 


69 


Minimmn. 


47 
58 
66 
47 
37 
47 
88 
33 


45 
43 
55 


Mean. 


50 
60 
66 
59 
43 
50 
40 
40 
44 
47 
46 
64 


33 


51 


Ban-off. 


Total  in  acre-' 
feet.        ' 


3,074 
3,332 
4,058 
3,512 
2,644 
2,975 
2,460 
2,460 
2,618 
2,890 
2,737 
3,808 


36,568 


3econd-feet 

per  square 

mile. 

Depth  in 
inches. 

0.13 

0.15 

.15 

.16 

.17 

.20 

.15 

.17 

.11 

.13 

.13 

.15 

.10 

.12 

.10 

.12 

.11 

.12 

.12 

.14 

.12 

.13 

.16 

.18 

.13 


1.77 


a  Estimated. 

MISCELLANEOUS   MEASUREMENTS   IN    SOUTHERN    CALIFORNIA 

DRAINAGE. 

Ventura  River, 


Date. 


September  25 
September  25 . 

September  26 


Hydrographer. 


Gage  I     Dis- 
height.   charge. 


J.B.Lippincott. 
do 


.do 


Feet. 


Sec.-feet. 
2.0 

5.23 
1.6 


Remarks. 


Matilija,  abore  mouth  of 
North  Fork. 

Below  diversion  of  Ventura 
City  water  system,  Cayote 
Creek. 

Power  ditch  near  head. 


Ventura  River,  North  Fork. 


September 25 1  J.B.Lippincott. 


0.33    In  flume. 


San  Gabriel  River. 


September  1 

July  15 

July  16 

July  15 


W.B.Clapp 

J.  B.  Lippincott . 

do 

do :. 


July  15 1 do 


0.9 
16.5 
10.6 
19.1 

23.8 


Slauson  well. 

Banta  ditch,  near  head. 

Cate  ditch. 

Standifer  ditch. 

San  Gabriel  River  (^Rio 
Hondo),  Old  Mission 
Bridge. 


IRR  85—03 12 
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Santa  Ana  River, 
BAN  ANTONIO  CREEK. 


Date. 


19U2. 


Hydrographer. 


JuneiiH ,  J.  B.  Llppincott . 


Gag© 
height. 


,     Di»-     ' 
charge. 


Feet.   .Sec.-feet. 
0.55 


July  12, 12.83  p.  m do 

August  2,  12.10  p.  m do 

August  9, 12.11  p.  m do 

August  29, 12.40  p.  m do 

September  27,  12  m.. do 

October  18,  12  m do 

June  28 do 

July  12, 12.20  p.  m do 

August  2, 12  m do 

August  9, 11.48  a.  m do 

August  29, 12.30  p.  m do 

September  27, 11.37  a.  m do 

Octoberl8, 11.38  a.  m do 

June  28 do 


July  12, 12.15  p.  m do 

August  2, 12.05  p.  m do 

August  9, 11.42  a.m , do 

AuguKt  29, 12.20  p.  m do 

September  27,  11.33  a.  m do 

October  18, 12  m do 

Augnist2 do 

August  9, 11.22  a.  m do 

August  9, 1  p.  m do 

August  29, 12.07  p.  m do 

August  29, 12.10  p.  m do 

September  27, 12.05  p.  m do 

October  18, 12.12  p.  m do 

June  28 do 

July  12, 11.40  a.m do 

July  12, 1.13  p.  m do 

August  2, 11.15  a.  m do 

I 

August  9, 11a.  m do 

August  9, 1.12  p.  m ' do 

August  29, 11.45  a.m do 

September  29. 12.30  p.m... -I do 

Octol)er  18, 12  30  p.  m 

April3 

June 28 !  J.B. Lippincott. 

July  12,  10.58  a.m I do 

July  12,  2.40  p.  m | do 

August  2, 10.30  a.  m do 

August  2,  2.30 p.m , do 

August  n,  10.18  a.  m ' do 

I 

Augusts,  2.40 p.m do 

August  2J),  10.55  a.  m do 

Augu.st29,  2.27  p.m do 

September  27, 10.30 a.m do 

September  27,  2.15  p.m do 

October  18. 10.55  a.  m do 


do 

S.  G.  Bennett 


.47 
.40 
.40 
.85 
.86 
.39 
7.40 

6.10 
5.69 
6.87 
4.50 
4.64 
4.31 
.34 

.34 
.80 
.38 
.29 
.29 
.80 
6.31 
6. 36 
5.68 
6.69 
5.40 
6.28 
5.01 
7.09 
6.88 
6.58 
6.15 
6.16 
5.99 
5.61 
4.88 
4.74 
11.4 
6.98 
6.11 
5.55 
6.19 
4.71 
5.31 
4.53 
4.64 
8.9B 
4.83 
8.90 
4.86 


of     Liife    Spnus: 


Water  pasfdziK-  Siui  Gabr- 
Power  Co.'s  powerfc..-.'* 
in  creek. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Concrete  'weir  basiii.  Sad  >  <• 
briel  Electric  Oo.'s  -powrT 
house. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Fountain 
weir. 

Do. 

Do. 

Do.v 

Do. 

Do. 

Do. 
Spring  HiU  weir 

Do. 

Do. 

Do, 

Do. 

Do. 

Do. 
Baby  Ruth 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Division  weir 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
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Santa  Ana  Rwer — Continned. 
SAN  ANTONIO  CREEK— Continued. 


Date. 


i9oe. 


Hydrc^raplier 


June  5!8 

July  12 

Augnst  2- 

Augrust  9 I do 

August  30 1 do 

September  27 | do 


J.  B.  Lippincott 

....do 

....do 


Sec-feet. 
1.38 
1.27 
1.19 
1.17 
1.16 
1.12 


San  Antonio  tunneL 
Do. 
Do. 
Do. 
Do. 
Do. 


CUCAMONGA  CREEK. 


Aprils 


S.  G.  Bennett 


5.0    I  AboTe   headworka^  lamosa 
Water  Co. 


LYTLE  CREEK. 


April  4. 

September  5 


S.  G.  Bennett 
W.B.Clapp-. 


20.0 
5.0 


Above  intake,  Rialto  canal. 

Weir  head  works,   Rialto 
canal. 


WEST  TWIN  CREEK. 


April  4 

September  3 


S.  G.  Bennett 
W.B.Clapp-. 


3.2 
.13 


Mouth  of  canyon. 
Do. 


EAST  TWIN  CREEK. 


AprU  4 

Septenaber  4 


S.G.Bennett 
do 


5.0 
.4 


Total  flow. 
Do. 


CITY  CREEK. 


April? 

September  4 


S.  G.  Bennett 
W.B.Clapp.. 


PLUNGE  CREEK. 


12.6 
.19 


Total  flow. 
Do. 


April  7 

September  4 


S.  G.  Bennett 
W.B.Clapp.. 


12.4 
.37 


Total  flow. 
Do. 


HIGHLANDS  CANAL. 


May  31 


July  10 

September  3 
November  5 


S.G.Bennett 


do 

W.B.Clapp.. 
S.  G.  Bennett 


7.9 

11.5 
11.1 
10.0 


Cippoletti   weir  at  head 
works. 

Do. 

Do. 

Do. 


REDLANDS  CANAL. 


May  31 S.G.Bennett 

July  10 do 

September 3 W.B.Clapp.. 

Novembers S.G.Bennett 


19.6 

10.6 

14.6 

7.6 


Sand  box  weir. 
Do. 
Do. 
Do. 


REDLANDS  TUNNEL. 


July  10 '  S.G.Bennett 


0.9    '  Weir. 
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Santa  Ana  River — Continned. 
MILL  CREEK. 


Date. 


1908. 


Hydrographer. 


'  CUwe  1      Dis- 
heignt.'  charge. 


Remarksi. 


Feet. 


April  5 1  S.  Q.  Bennett 


I  Sec-feet. 

'       11.0  Oldzanja. 

I         5.0  Wash. 

I         5. 0  Craf  ton  canaL 


May 31 '  S.G.Bonnett 

July  10 I do 

St»pt<?mber3 W.B.Clapp.. 

November  5 '  S.  Q.  Bennett 


21.0 

TotaL 

'       19.0 

Total  flow. 

,        10.8 

Crafton  -weir,  tutel  fiov 

5.3 

Total  flow. 

1        12.3 

Old  zanja,  total  flow. 

1 

Return  water  to  Santa  Ana  River,  natural  flow  in  second-feet^  compared  »ri^« 
developed  toater  in  San  Bernardino  Valley,  above  Colton. 

[Measurements  by  K.  Sanborn.] 


Date. 


Disicbarer^ 


Location. 


Devel- 
ojied. 


KatuiaL  T«.tal 


1902. 

September  30.!  Hawe.s  &  Talmage  ditch 

September  30.'  Babel  dam 

September  80.    Shay  or  Stout  dam 

September 30.   McEinzie 

October  13 Beam 

September  30 . ,  Riverside  Water  Co.'s  upper  canal 

October  7 '  Gagre  canal,  intake  Santa  Ana  River 

October  11 ,  Gage  canal,  flume  over  road  Redlands  Pass. 

October  13 ,  Logsdon  &  Farrell 

October  13....'  Whitlock 

Octol)er  13....,  Daley .' 

October  7 Mclntyre 

October  13... -I  Whiting 

October  14 Swamp 

Octoljer  7 Ranchero  &  Bloomington 

October  14  ....   Ward  &  Warren 

Septemtx?r  :^0 .    Mill  flume,  Riverside  Water  Co 

September  :*) .    Mill  i^ump.  Riverside  Water  Co 

October  7 Camp  Carlton _ 

Octcjber7 Colton  Terrace  Water  Co 

October  7 City  of  Colton  pumping  plant T 

September  :*).    Meeks  &  Daley  ditch 

September  29 .    West  Riverside  350-inch  pumping  plant 

October  11.. 
October  11.. 
October  11  .. 


26.08 


30.17 


Rogers  pumping  plant 

Santa  Ana  River  flume.  Riverside  pumpingplant  No.  1 . 
Santa  Ana  River  flume.  Riverside  pumping  plant  No.2. 

Total 


0.00 
0.00 
0.00 
0.00 
O.ffi 
21. » 
0.00 


i 


0.00 
0.00 
0.00 

aoo 
aoo 

0.98 


2.28 
0.30 


1.58 
0.50 


i.ao 

1.70 
1.06 
3.53 


13.40 


5.94 
4.38 
2.95 
2.08 


1. 


€.^ 
n  i> 

tl'l. 
titi 
O.ti' 
<l  tf  I 

0.11' 

1'*' 

(I  J 

13' 

i: 
1. 1. 

ia*> 


81.  G9  I         38.5S      151 


j-i 


Note.  -The  West  Riverside  flume  carries  the  water  pumped  by  the  West  RiTerside  3aviE  ^ 
plant,  a  portion  of  the  water  pumped  by  the  Rogers  pumping  plant,  and  also  a  ix>rtion  of  ti> 
Meeks  &  Daley  water;  for  these  reasons  it  is  not  included  under  a  9i>ecial  heading. 

The  (iago  c«nal,  Palm  Avenue  weir,  and  Bloomington  flume  torn  out,  Bloomingtoo  trmtrr 
running  in  the*  Ranchei*o  ditch. 

Ea,st  Riverside  Irrigation  Di.strictor  the  Riverside  Highland  Water  Co.  running  2.7  oen-ond-f «*-* 
over  weir  in  tunnel,  and  pumping  direct  into  the  main  pip©  below  end  of  tunni^  one  pompis* 
plant  not  running. 
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Return  vxiters  in  San  Bernardino  Valley  below S lover  ^fountain  and  above  River- 
side Narrows,  Santa  Ana. 

[K.  Sanborn,  hydrographer.l 


Date.  ,  Location. 


Dis- 
charge. 


Sec-feet. 

September  3..    Santa  Ana  River,  at  Rincon  wagon  bridge. '  «75.00 

September  29.'  Riverside  Water  Co.  flnme,  at  head  of  lower  canal I  3.07 

September  ^.|  Rubidonx  canal I  7.19 

September  29-1  Evans  ditch,  at  north  line,  Riverside  canal j  2.17 

September  29.1  Evans  ditch,  1  mile  south  of  Riverside  canal  line '  0.53 

September  29.  \  Evans  Island  ditch,  at  west  end  of  West  Riverside  bridgo |  5. 36 

September  29.  |  Alvetriz  ditch,  at  east  end  of  West  Riverside  bridge I  1.96 

October  10 Santa  Ana  River,  at  Riverside  Narrows 43.25 


63.52 


Total 

aW.  B.  Clapp. 

COIiUMBIA  RIVER  r)RAi:isrAGE  BASIN. 

Next  to  the  Colorado,  Columbia  River  is  the  largest  river  in  the  arid 
region,  its  drainage  basin  including  parts  of  Washington,  Oregon, 
Idaho,  and  Montana  and  a  large  area  in  Canada.  The  Columbia  and 
its  numerous  tributaries  are  of  great  importance,  offering  good  sites 
for  water-power  development  and  an  abundance  of  water  for  irriga- 
tion, while  the  main  river  is  navigable  for  a  considerable  distance. 

A  great  part  of  the  water  of  Columbia  River  and  its  tributaries 
flows  to  waste,  not  being  utilized.  This  is  due  to  the  fact  that  the 
river  has  cut  so  deeply  into  the  lava-covered  plains  that  water  can 
not  be  diverted  except  at  points  near  the  mountains,  where  the  streams 
are  of  small  size  and  have  not  yet  entered  the  deeply  incised  canyon 
in  the  plateaus.     The  following  rivers  are  tributary  to  the  Columbia: 

Umatilla  River  rises  in  the  well-wooded  country  in  northeastern 
Oregon  and  flows  in  a  general  westerly  direction,  entering  Columbia 
River  below  the  mouth  of  Wallawalla  River.  The  country  north  of 
Umatilla  is  high  and  rolling.  A  number  of  canals  divert  water  from 
the  lower  course  of  the  stream  to  irrigate  lands  on  either  side. 

Yakima  River  has  its  source  in  Keechelus  Lake,  on  the  eastern 
slope  of  the  Cascade  Mountains,  in  Kittitas  County,  Wash.  Within 
a  short  distance  it  receives  the  waters  of  Kachess  Lake,  and  2^  miles 
above  Clealum  it  receives  the  outlet  of  the  last  of  the  three  large  head- 
water lakes.     It  enters  Columbia  River  23  miles  below  Kiona,  Wash. 

Naches  River  has  its  source  on  the  eastern  slope  of  the  Cascade 
Mountains,  in  Yakima  County,  Wash.  It  flows  in  a  general  south- 
easterly direction,  entering  Yakima  River  a  short  distance  above 
^OTth  Yakima.  Irrigation  is  practiced  in  the  narrow  valley  along  the 
lower  course  of  the  river,  but  its  waters  are  of  greater  value  for  the 
irrigation  of  lands  west  of  North  Yakima.     The  river  has  considerable 
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fall  and  the  water  can  easilj^  be  diverted  by  means  of  comparatively 
short  canals.  For  this  reason  it  is  of  more  value  for  irrigation  par- 
poses  than  Yakima  River,  which  has  less  fall. 

Tieton  River  is  the  principal  tributary  of  the  Naches  River  and 
discharges  into  the  latter  about  17  miles  above  its  junction  with 
Yakima  River,  near  North  Yakima.  Its  source  is  in  the  Casca'Je 
Mountains  in  the  vicinity  of  Cowlitz  Pass.  A  peculiar  feature  of  th«^ 
stream  is  the  turbid,  milk-white  appearance  of  the  water,  it  being 
similar  in  this  respect  to  White  River,  on  the  western  slope  of  the 
Cascade  Range.  The  water  of  the  South  Fork  of  the  Tieton,  2^ 
miles  above  the  mouth,  is  however,  perfectly  clear.  The  forks  head 
in  the  glaciere  of  a  peak  of  the  Cascades  known  locally  as  Croat  Rock. 

Spokane  River  rises  in  the  northern  part  of  Idaho,  being  the  out- 
let of  Lake  Coeur  d'Alene.  It  passes  into  Washington,  flows  in  a 
northerly  direction,  and  enters  Columbia  River  near  latitude  47^  5f 
north.     It  is  about  120  miles  long. 

Missoula  River  has  it49  source  in  Silverbow  County,  Mont.,  and 
flows  northerly  until  it  receives  the  waters  of  Little  Blackfoot  River, 
when  it  takes  a  more  northwesterly  course.  The  name  Missoula  is 
usually  applied  to  that  portion  of  the  river  between  the  junction  of 
Blackfoot  and  llellgate  rivers  and  the  mouth  of  Pend  Oreille  River. 
From  that  point  to  its  junction  with  Columbia  River  it  is  called  Clark 
Fork  of  Columbia. 

The  source  of  Bitterroot  River  is  in  the  high  mountains  which 
form  the  boundary  line  between  Montana  and  Idaho.  It  flows  in  Sk 
northerly  direction,  entering  Missoula  River  a  short  distance  below 
the  city  of  Missoula.  The  tributaries  on  the  east  side  drain  compar- 
atively low  hills  and  contribute  little  to  the  supplj''  of  the  river.  The 
west  side  branches,  on  the  contrary,  are  numerous,  draining  a  pre- 
cipitous and  heavily  wooded  area.  Their  discharges  are  regulated 
by  many  small  lakes  fed  by  banks  of  snow,  which  continue  far  into 
the  summer  before  disappearing  altogether.  From  Hamilton  to  Mis- 
soula, a  distance  of  48  miles,  the  fall  of  the  river  is  350  feet,  or  7.;5 
feet  to  the  mile. 

Snake  River,  which  is  the  largest  affluent  of  the  Columbia,  rises  on 
the  southern  slope  of  the  Continental  Divide  in  the  Yellowstone 
National  Park,  draining  the  country  west  and  southwest  of  Yellow- 
stone Lake.  From  Shoshone,  Lewes,  and  Hart  Lakes,  near  its  hea<l. 
the  river  flows  in  a  southerly  direction  through  a  timbered  and 
mountainous  country,  resulting  in  a  long  period  of  high  water.  After 
continuing  through  this  area  for  about  20  miles  it  broadens  into  Jack- 
son Lake,  a  deep  body  of  water  about  3  mile^  wide  and  8  miles  long. 
Below  the  lake  the  river  flows  through  Jackson  Hole  Valley — about 
40  miles  long  and  8  miles  wide — and  then  enters  a  long  canyon  near 
the  Idaho- Wyoming  line.  All  of  the  large  tributaries  come  from  tht* 
east,  receiving  their  waters  from  the  Wind  River  Range.  The  wt-jit 
side  of  the  valley  is  bounded  by  the  high  Teton  Mountains,  from  whieii 
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most  of  the  drainage  flows  westward  through  Tieton  River  into  North 
Fork  of  Snake  River.  It  empties  into  Columbia  River  near  Pasco 
Junction,  in  the  State  of , Washington. 

The  headwater  tributaries  of  Palouse  River  have  their  sources  in 
western  Idaho.  After  passing  into  Washington  the  streams  unite  to 
form  Palouse  River,  which  has  a  general  southwesterly  course, 
through  a  rolling  country.  Six  miles  below  Hooper,  Wash.,  the  river 
bends  suddenly  to  the  south  and  enters  its  canyon,  through  which  it 
flows  until  its  junction  with  Snake  River.  A  short  distance  above  the 
mouth  of  the  river  are  the  Palouse  Falls,  approximately  130  feet  high. 

Weiser  River  drains  Washington  County,  in  the  extreme  western 
part  of  Idaho,  and  flows  into  Snake  River  at  Weiser,  Idaho. 

The  Boise  drains  a  mountainous  and  well-wooded  country  in  Elmore 
County,  Idaho.  The  effects  of  the  forests  are  shown  in  the  high  flow 
that  is  maintained  throughout  the  summer  season,  in  contrast  to  the 
discharge  of  Weiser  River,  farther  to  the  west,  which  drains  a  more 
barren  country.  Below  the  gaging  station,  which  is  located  in  the 
canyon,  a  large  number  of  canals  divert  water  to  irrigate  lands  in 
Boise  Valley.  The  diversion  of  the  water  is  now  so  great  that  fre- 
quent complaints  of  scarcity  are  heard. 

Bruneau  River  rises  in  northern  Nevada  and  flows  in  a  general 
northerly  course  through  southern  Idaho,  emptying  into  Snake  River 
at  a  point  about  south  of  Boise.  Fall  River  is  one  of  the  small  tribu- 
taries of  the  Snake  River  at  its  headwaters  in  eastern  Idaho.  The  fol- 
lowing list  includes  the  stations  in  the  Columbia  River  drainage  basin: 

Umatilla  River  at  Gibbon,  Oreg. 

Yakima  River  at  Kiona.  Wash. 

Yakima  River  at  Union  Gap,  Wash. 

Naches  River  near  North  Yakima,  Wash. 

Tieton  River  near  North  Yakima,  Wash. 

Spokane  River  at  Spokane,  Wash. 

Missonla  River  at  Missoula,  Mont. 

Bitterroot  River  near  Grantsdale,  Mont. 

Palonse  River  near  Hooper,  Wash. 

Weiser  River  near  Weiser,  Idaho. 

Boise  River  near  Boise,  Idaho. 

Bruneau  River  near  Grandview,  Idaho. 

Snake  River  at  Montgomery  Ferry,  near  Minidoka,  Idaho. 

Snake  River  (North  Fork)  near  Ora,  Idaho. 

Fall  River  near  Marysville,  Idaho. 

UMATILLA   RIVER  AT   GIBBON,  OREG. 

The  station  at  Gibbon,  Oreg.,  was  established  Jub^  22,  1896,  and  is 
located  one-half  mile  west  of  the  railroad  station.  The  gage  rod, 
which  was  located  one-quarter  of  a  mile  below  the  railroad  station, 
was  carried  away  by  a  freshet  in  May,  but  the  bench  mark,  a  cross  in 
bla<»k  paint  on  the  highest  point  of  the  rock  to  which  the  rod  was 
fastened,  still  remains.  It  is  4.40  feet  above  datum.  The  same  flood 
also  carried  away  the  entire  equipment,  consisting  of  a  five-eighth-inch 
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cable  with  car,  supports,  tag,  and  stay  wires.  These  were  all  renews.: 
on  September  10,  1902.  The  cable  is  situated  one-half  mile  below  rfct 
railroad  station  in  its  original  position.  Changes  in  the  channt-l 
necessitated  the  selection  of  a  better  location  for  the  ga^ge  rod  a  ff^r 
hundred  feet  nearer  to  the  cable  and  one-fourth  of  a  mile  below  th^ 
railroad  station.  A  new  wire  gage  was  established  October  29,  VA^. 
It  consists  of  a  horizontal  rod  attached  to  a  beam  projecting  over  the 
water  and  spiked  to  the  top  of  the  cribbing  on  the  left  shore  about  I  ■ 
feet  north  of  the  railroad  track.  The  length  from  the  end  of  the  weiirhr 
to  the  marker  is  14.333  feet  and  the  distance  from  the  outside  edge  of 
the  pulley  to  the  zero  of  the  gage  scale  is  6.02  feet.  The  bench  mark 
is  a  spike  on  the  top  timber  of  the  cribbing.  Its  elevation  is  8.31  feet 
above  the  zero  of  the  new  gage.  The  initial  point  tot  soundings  is  th* 
face  of  the  tree  to  which  the  cable  is  attached  on  the  right  bank  of 
the  stream.  The  channel  is  straight  and  the  bed  is  of  gravel. 
The  following  discharge  measurements  were  made  during  1902: 

Jnly  21:  Gage  height,  0.00  foot;  discharge,  130  second-feet. 
October  29:  Gage  height,  0.65  foot;  discharge,  106  second-feet. 
December  20:  Gage  height,  1.60  feet;  discharge,  381  second-feet. 

Daily  gage  height,  in  feet,  of  Umatilla  River  at  Gibbon  ^  Oreg. 


Day. 

1_ 

1902. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

86 

27 

28 

29 

80 

31 

Jan.  I  Feb. 


1.35 
1.80 
1.30 
1.35 
1.40 
1.40 
1.45 
1.45 
1.40 
1.40 
1.40 
1.40 
1.85 
1.35 
1.36 
1.30 
1.30 
1.30 
1.30 
1.25 
1.25 
1.25 
1.20 
1.20 
1.10 
1.10 
1.06 
1.05 
1.06 
1.05 
1.00 


I  1.00 
1.00 

I  1.00 
1.00 
1.00 
1.05 
1.05 
1.10 
1.80 
2.50 
2.80 
2,80 
2.85 
2.90 
2.90 
2.90 
3.60 
8.60 
3.00 
2.66 
2.40 
2.20 
2.10 
2.25 
2.80 
2.75 
2.60 
2.60 


I 


Mar. 


2.60 
2.45 
2.25 
2.15 
2.00 
1.85 
1.75 
1.70 
1.70 
1.75 
1.80 
1.90 
1.80 
1.70 
1.65 
1.60 
1.70 
1.90 
2.00 
2.05 
2.00 
1.90 
1.90 
1.90 
1.80 
1.75 
1.70 
1.70 
1.65 
1.70 
1.75 


Apr. 

May. 

1.85 

2.65 

2.00 

3.10 

2.10 

3.85 

2.25 

8  50 

2.80 

3.45 

2.80 

3.20 

3.90 

3.80 

3.95 

8.40 

3.70 

3.40 

3.40 

3.45 

3.20 

3.40 

2,85 

8.80 

2.75 

3.25 

2.60 

a20 

2.45 

8.10 

2.50 

3.05 

2.60 

3.00 

3.20 

2.90 

8.85 

3.30 

3.50 

5.80 

8.30 

5.75 

.3.00 

5.25 

2.80 

4.80 

2.65 

4.40 

2.50 

4.10 

2,40 

3.90 

2.40 

8.60 

2.45 

8.40 

2.50 

3.25 

2.60 

3.00 

2.76 

June. 


2.60 
2.40 
2.25 
2.05 
1.90 
1.80 
1.70 
1.65 
1.66 
1.50 
1.45 
1.40 
1.80 
1.25 
1.20 
1.20 
1.15 
1.15 
1.10 
1.10 
1.10 
1.05 
1.05 
1.05 
1.00 
1.00 
.95 
.95 
.95 
.95 


July, 


0.95 

1.10 

1.65 

2.20 

1.95 

1.60 

1.40 

1.25 

1.15 

1.10 

1.10 

1.05 

1.05 

1.06 

1.05 

1.00 

.95 

.95 

.90 

.90 

.90 

.90 

.90 

.85 

.85 

.85 

.85 

.80 

.80 

.80 

.80 


0.80 
.80 
.80 
.80 
.80 
.80 
.80 
.75 
.75 
.76 
.75. 
.75 
.75 
.75 
,75 
.80 
.80 
.80 
.75 
.75 
.75 
.76 
.75 
.75 
.75 
.75 
.75 
.75 
.75 
,75 
.75 


iSept. 

Oct. 

1 

I 

D*^- 

1  0.73 

!  0.85 

i 

'  0.65 

!♦• 

.75 

!     -85 

.71^ 

1.5r 

.75 

'       85 

,     .70 

1  >•• 

.75 

,     .85 

1     .Tti 

1.7' 

-75 

1     .85 

1     .751 

1.^' 

.73 

1     -fS 

'      .«! 

l.i'' 

.75 

-85 

[   1.10 

l->' 

.75 

i  ■« 

1.30  ' 

1..V 

'     .75 

1     -W 

j  l-ft> 

a:- 

1     .73 

1     .9() 

1  1.15 

3.55 

.75 

'     .60 

'  1-10 

t« 

'     .75 

;  •« 

!  1.C5 

s* 

.75 

1     .85 

1.0I  ' 

iX' 

.75 

1     .85 

1.80 

4  *i 

'    .75 

.85 

;  i.au 

i'«' 

.75 

.85 

,  1.45 

l'^. 

.73 

.85 

1.70 

i.:s 

.75 

.85 

l.To 

i.f 

.a5 

.a5 

1.85 

1  •« 

.85 

.85 

1.70 

!.<»' 

.86 

.85 

i.a5 

i.'^ 

.85 

.96 

1.55 

1  * 

.85 

i.a) 

1.45 

1  *' 

.90 

1.05 

1.56 

1  * 

.90 

1.05 

l.OO 

1* 

.90 

1.00 

I.a) 

S.i1 

.95 

l.OO 

l.Ol) 

3.'' 

.90 

1,00 

1.x* 

i.« 

.85 

.65 

1.155 

!♦> 

.85 

.65 

l.eri 

ii' 

.65 

1'*' 

_    — 
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Rating  table  for  U-i 

fiiatilla  River  at  Oil 

1 

l>bo?i,  Oreg. 

,,  for  190. 

w  • 

GaRe 

DiacbarKe. 

heigSit. 

Discharge. 

1 

'     Gaee 
1  height. 

1 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

1 

'     Feet. 

Second-feet. 

1 

1     Feet. 

Second-feet. 

0.0 

50 

'       1.4 

330 

2.8 

1,100 

4.5 

2, 555 

.2 

63 

1.6 

412 

3.0 

1,255 

1        5.0 

3, 055 

.4 

78 

1.8 

502 

1       3.2 

1,415 

5.5 

3, 555 

.6 

98 

2.0 

600 

3.4 

1,575 

6.0 

4,055 

.8 

135 

2.2 

707 

3.6 

1,735 

1 

1.0 

1 

190 

2.4 

826 

1      3.8 

1,895 

1 

1.2 

256 

2.6 

1 

957 

1       4.0 

i! 

2,055 

1 
1 
1 

Estimated  monthly  discharge  of  Umatilla  River  at  Oibhon,  Oreg. 

[Drainage  area,  368  square  miles.] 


Month. 


Dischai^  in  second-feet. 


Maxinmni.    Minimnm. 


1902. 

January 

Fehrxiary 

March  _* - 

April 

May  - 

June - .  - 

Julv 

August 

September 

October 

November 

December 

The  year 


350 

1,735 

890 

2, 015 

3,855 

957 

707 

135 

175 

206 

526 

1,415 

3, 855 


190 
190 
412 
526 
992 
175 
135 
124 
124 
106 
106 
330 


Mean. 


284 
801 
541 
1,140 
1,767 
348 
228 
128 
136 
155 
302 
668 


Total  in  acre- 
feet. 


Run-off. 


;  Second-feet' 

per  square 

mile. 


17, 463 

44,481 

33, 265 

67, 835 

108.649 

20, 707 

14,019 

7,870 

8, 093 

9, 531 

17, 970 

41,074 


106 


542         390, 957 


0.80 

2.27 

1.53 

3.23 

5.01 

.99 

.65 

.36 

.39 

.44 

.86 

1.89 

1 .  54 


Depth  in 
inches. 


0.92 

2.36 

1.76 

3.60 

5.77 

1.10 

.75 

.42 

.44 

.51 

.96 

2.18 

20.77 
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YAKIMA   RIVER  AT  KIONA,  WASH. 


This  station  is  the  lowest  point  at  which  measurements  have  beeE 
made  on  Yakima  River,  and  is  located  at  the  wagon  bridire  one-fourtli 
mile  north  of  the  railroad  station  at  Kiona.  The  gage  was  established 
August  20, 1895,  and  consisted  of  two  parts,  one  vertical  and  the  otht*! 
inclined  at  an  angle  of  30°.  It  was  spiked  to  the  east  end  of  the  south 
pier  and  anchored  with  rocks.  The  initial  point  for  soundings  is  on 
the  west  side  of  the  bridge,  100  feet  south  of  the  center  of  the  south 
pier  of  the.  main  span.  The  channel  for  about  200  feet  both  above 
and  below  the  station  is  nearly  straight  and  the  wat^r  is  qnit«  swift 
The  right  bank  is  low,  but  is  well  protected  by  a  levee,  and  not  sub- 
ject to  overflow.  The  left  bank  is  high  and  rocky.  The  bed  of  tht 
stream  is  of  gravel  and  affords  an  excellent  cross  section  for  discharge 
measurements. 

A  wire  gage  was  afterwards  placed  on  the  lower  side  of  the  bridge. 
The  distance  from  the  end  of  the  weight  to  the  index  marker  is  -7.^1 
feet.  From  the  end  of  the  rod  to  the  outside  edge  of  the  pulley  wheel 
it  is  2  feet.  A  new  bench  mark  was  established  in  1901.  It  is  the  top  of 
an  iron  spike  in  the  east  end  of  the  cap  of  the  first  trestle  bent  of  the 
bridge  approach  on  the  south  side  of  the  river.  The  elevation  of  the 
bench  mark  above  the  zero  of  the  gage  is  20.53  feet  and  above  sea  level 
474.24  feet.  The  top  of  the  2-inch  pulley  wheel  of  the  wire  ga^e  is  4.^'»> 
feet  above  this  bench  mark.  When  the  marker  on  the  wire  gage  ii 
at  zero,  the  bottom  of  the  weight  has  an  elevation  of  453. 71  feet. 

Discharge  measurements  of  Yakima  River  at  Kiona,  Wash^ 


Date. 


Hydro^rapher. 


1902. 

March  25. _ 

April  11 -  _  _ I do 

June  12 |...   -do 

June  28  - | do 

Jnly  11   - I do 

September  2 ' do 


Sydney  Arnold 


hei^t.    1  l>farf«r«^^ 


October  21 


do 


Feet. 
6.00   ! 

I.  «o 

I 

9.00  ' 
8.00  I 
6.4r>  ' 
2.95  1 
3.8r>  ' 


! 


Second-fr^t. 
4. 152 

9,64*^ 
8,393 
4,114 


S4Xi 
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Daily  gage  height,  in  feet,  of  Yakima  River  at  Kiona,  Wash. 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

IH 

19 

20 

21 

22 


i9ce. 


Jan.  Feb.  Mar.  Apr. 


8.56 
8.58 
^.6() 
8.64 
8.70 
8.80 
8.85 
8.95 


"n   ' 


5.40 
5.80 
5.25 

5.20 
5.10 
5.(X) 
5.00 
4.95 


9.00  i  5.00 


9.15 
8.43 
8.10 
7.90 
7.75 


i 


7.60 


5.05 
5.06 
5.10 
5.15 
5.20 
5.60 
6.13 
7.00 


7.06 
6.75 
6.75 
6.70  I  7.10 


I 


7.12 


6.68 
6.65 
6.65 


7.16 
7.20 
7.20 

23 6.50  7.06 

6.95 
6.80 
6.75 
6.60 
6.60 


24. 

28. 


28. 
29. 
30. 
31. 


6.50 
6.35 
6.25 
6.00 
5.90 
5.90 
5.75 
5.60 


6.42 
6.35 
6.30 
6.45 
6.45 
6.50 
6.60 
6.70 
6.70 
6.64 
6.50 
6.55 
6.55 
6.60 
6.60 
6.55 
6.60 
6.45 
6.38 
6.36 
6.26 
6.20 
6.15 
6.05 
6.00 
6.10 
6.10 
6.13 
J  6.15 
.!  6.15 
.  6.20 


6.25 
6.33 
6.35 
6.42 
6.45 
6.60 
6.75  I 


May.   June.  July.  Aug.  Sept. 


6.90 
7.25 
7.70 

i.  lo 

7.66 
7.45 
7.25 
7.10 
7.00 
7.00 
7.15 
7.25 
7.40 
7.45 
8.10 
8.40 
8.75 
9.10 
9.20 
9.35 
9.40 
9.65 
9.85 


9.85 

9.90 

9.90 

9.96 

10.05 

10.15 

10.26 

10.30 

10.40 

10.68 

10.90 

11.40 

11.60 

11.40  j 

11.26  ' 

11.  (X)  I 

10.96 

10.80 

10.40 

9.96 

9.46 

9.15 

9.25 

9.45 

9.60 

9.85 

10.20 

11.00 

11.60 

11.30 

10.85 


10.00  I 
9.20 

8.85  ! 

8.30  I 

8.18  I 

8.20  ' 

8.15 

8.07 

7.98 

8.02 

8.00 

7.95  I 

7.90 

7.78 

7.70 

7.m 

7.56 

7.42  , 

7.38  • 

7.*) 

(«) 

(«) 

8.00 

(«) 

7.67 

7.54 

7.55 

7.55 

7.42 

7.40 


(«) 
(«) 
(") 
(") 
(«) 
(«•> 

(b) 
6.45 
6.43 
6.42 
6.40 
6.20 
6.26 
6.28 


-J  ' 


6.00 
4.96 
4.82 
4.73 
4.70 
4.65 
4.70 
4.80 


2.98 
2.96 
2.95 
2.94 
2.93 
2.90 
2.90 
2.90 


Oct.    Nov.    Dec. 


4.85  I  2.90 

4.72  I  2.88 

4.55 

4.30 

4.22 

4.10 

3.97 

3.90 

3. 8.") 


3.78 

3.95 

3.93 

3.90 

3.80 

3.72 

3.68 

3.65 

3.ft'> 

I  3.65 

2.88  '  3.&5 

2.88  '  3.65 

2.88  ,  3.65 


6.25  I  3.85 
6. 18     3. 78 


6.08 
6.09 
6.38 
6.24 
6.14 
6.02 
5.92 
5.82 
5.66 
5.42 
6.27 
5.15 


3.70 
3.60 
3.52 
3.45 
3.  .35 
3. 16 
3. 13 
3.10 
3.08 

3.a> 

2.W 
2.98 


2.88 
2.90 
2.W 
3.00 
3.00 
3.03 
3.01 
3.08 
3.08 
3.20 
3.20 
3.20 
3.20 
3.22 
3.35 
3.68 
3.ft-» 


3.64 
3.63 
3. 70 
3.78 
3.80 
3.82 
3.87 
3.85 
3.88 
3.90 
3.92 
4.(K) 
4.07 
4.13 
4.18 
4.22 
4.25 
4.27 


4.31 
4.35 
4.38 
4.40 
4.40 
4.42 
4.53 
4.58 
4.60 
4.78 
4.92 
5.06 
5.12 
5.18 
5.20 
5.22 
5.31 
5.38 
5. 70 
5.75 
6.&5 
5. 5i> 
5.40 
5.34 
6.30 
5.27 
5.24 
5.20 
5.15 
5.\0 


5.15 
6.52 
5.93 
6.70 
6.50 
6.35 
6.15 
5.96 
6.90 
5.86 
5.86 
5.70 
5.60 
5.60 
5.39 
5.30 
5.25 
5.20 
5.14 
5.07 
4.97 
4.92 
4.86 
4.80 
4.90 
4.99 


5.30 


5.62 
5.70 
6.68 
6.10 


«  Observer  absent. 


b  Gage  broken. 


Rating  table  for  Yakima  River  at  Kiona,  Wash.,  for  1002. 


Gage 
beight. 

Discharge. 
Second-feet . 

Gage 
height. 

Feet. 

Discharge. 
Second-feet. 

Gage 
height. 

Discharge. 
Second-feet. 

Gage 
height. 

Fvet. 

1  Discharge. 

Feet. 

Feet. 

Second-feet. 

2.8 

200 

5.8 

3,310 

1      8.8 

9, 340 

11.8 

17,480 

3.0 

270 

6.0 

3,630 

1       9.0 

9,780    , 

12.0 

18, 080 

3.2 

370 

6.2 

3,970 

\      9.2 

10,240     ' 

12.2 

18,680    , 

3.4 

490 

6.4 

4,320 

9.4 

10, 700 

12.4 

19, 280 

3.6 

620     ' 

6.6 

4,680 

9.6 

11,160 

12.6 

19,880     1 

3.8 

760     1 

6.8 

5,060 

9.8 

11,620     1 

12.8 

20,480     1 

4.0 

910     1 

7.0 

5,450 

10.0 

12,080     1 

13.0 

21,080     i 

4.2 

1,070     1 

7.2 

5. 850 

10.2 

12,680 

13.2 

21,680     1 

4.4 

1,260 

7.4 

6,270 

10.4 

13,280 

13.4 

22,280 

4.6 

1,490     1 

7.6 

6,700 

'     10.6 

13,880     1 

13.6 

22,880     1 

4.8 

1,760    1 

7.8 

7,140 

10.8 

14, 480 

13.8 

23,480     . 

5.0 

2,060    1 

8.0 

7, 580 

11.0 

15,080 

14.0 

24, 080 

5.2 

2,365 

8.2 

8, 020 

11  *> 

15,680 

14.2 

24, OHO     ' 

5.4 

2, 675 

8.4 

8,460 

'     11.4 

16,280 

14.4 

25.280 

5  R 

2.990 

8.6 

8,900 

11.6 

16,880 

1 

188 


STREAM   MEASUREMENTS   IN   1902,  PART    IV, 


IN-V 


Estimated  monthly  discharge  of  Yakima  River  at  Kioria,  TFa«li. 

[Draina^  area,  5,230  Bquare  milea.] 


Discbarge  in  second-feet. 


Month. 


Maximum. 


1902. 

January ...  10, 125 

February ...i  5,850 

March... i  4,870 

April '  11,735 

May I  16,880 

June 12,080 

July I  6,123 

Au^st 2,060 

September \  655 

October.. ._ 1,133 

November 3,230 

December 4, 870 

The  year 16,880 


Total  in 
I    acre-feet^ 


Run-off. 


394,881 

203,433 

263,228 

408, 734 

823,196 

441,283 

261,015 

62,041 

18,030 

49,682 

126, 982 

179.359 

3,231,364 


Second-feet  rw^.w  w 


1.23 

.70 

.82 

1.31 

2.56 

1.42 

.81 

.19 

.06 

.15 

.41 

•  o6 


\ 


,m 


.  if 
1.4H 

l.V 

.%\ 

.o: 

.17 
.46 

.fio 

11. i* 


YAKIMA  RIVER  AT  UNION  GAP,    WASH. 

Yakima  River  enters  Columbia  River  just  above  the  town  of  Pasoo, 
The  first  measurement  of  the  river  was  made  at  this  point  on  August 
14,  1893.  At  that  time  there  was  an  old  vertical  river  rod  attaached  to 
the  central  pier  of  the  bridge.  As  the  foot  of  this  at  low  water  was 
covered  by  rock  and  could  not  be  read,  an  inclined  gage  was  put  in 
position  at  the  west  end  of  the  county  bridge.  This  consisted  of  two 
pieces  of  timber  having  a  total  length  of  24  feet.  These  were  firmlv 
secured  to  timbers,  bedded,  and  loaded  with  rock.  The  ga^e  rod  wa> 
painted  white  and  lettered  in  vertical  feet  and  tenths  of  a  foot.  Aftt-r 
this  new  gage  was  located,  it  was  ascertained  that  the  readings  on  thf 
old  gage  would  be  1.13  feet  higher  than  on  the  new.  The  zero  of  thN 
new  gage  was  19.02  feet  below  the  top  of  the  rail  of  the  Northern 
Pacific  Railroad  immediately  west  of  the  west  end  of  the  bridge  whicli 
was  about  40  feet  from  the  gage.  The  high-water  mark  at  that  tim*- 
showed  that  a  flood  had  risen  to  8.80  feet  on  the  old  gage.  Reading 
at  this  point  were  begun  on  Ocjober  2, 1893,  and  continued  during  tht* 
following  winter  and  spring  until  May  19,  1894.  Owing  to  the  de- 
struction of  the  gage  by  floods  the  station  was  for  a  time  abandoneti. 

During  August,  1895,  Arthur  P.  Davis  visited  the  locality  and  found 
that  the  section  was  not  favorable  for  making  discharge  measure 
ments.  Ho  accordingly  selected  the  present  station,  which  is  locate! 
at  Union  Gap,  C  miles  below  North  Yakima,  Wash.,  and  1,000  fe*-t 
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Hilow  the  highway  bridge.  It  is  about  3  miles  above  the  intake  of 
he  Sunnyside  canal.  The  gage  rod  is  inclined  and  is  attached  to  a 
v^illow  stump  and  posts  set  in  the  ground.  The  bench  mark  is  the 
lighest  point  of  a  large  rock  mound  43  feet  north  of  the  gage  and 
J.  5  feet  east  of  the  fence,  and  is  at  an  elevation  of  17.52  feet  above 
?age  datum.  The  equipment  consists  of  cable,  car,  and  tagged  wire. 
The  station  is  of  value  as  it  is  the  only  point  near  the  large  irrigated 
irea  above  and  below  which  is  unaffected  by  the  taking  out  of  water 
n  irrigating  canals. 

Discharge  measurements  of  Yakima  River  at  Union  Oap,  Wash. 


Date. 

Hydrographer. 

1902. 

jTlly5.._    

^ptpinber  3 

Sydney  Aruold 

do 

N«^v«TTibf*r  -^ 

do - -- 

Gage 
height. 


Feet. 
6.75 

4.10 

4. 55 


Discharge. 


Second-feet. 
5,352 

917 

1,391 


Daily  gage  height^  in  feet,  of  Yakima  River  at  Union  Gap^  Wash. 


Day. 

Jan. 

1 

6.eo 

6.60 
6.40 

2 

3 

4 

6.30 

5 

6.00 

6 

7.00 

7 

7.40 

8 .      . 

7.60  ' 

9 

8.00  1 

10 

8.20  1 

11 

8.00 

12 

1 
7.60  1 

18 

1 
7.20 

14 

6.00  ! 

15 

6.70  i 

16 

6.60 

17 

6.40  ' 

18 

6.40 

19.... 

6.20 

a)-... 

6.00 
5.90 
5.90 

21... 

aj.  .. 

2:^ ... 

5.70 

24 

5.70 
5.40 

25  ... 

». ... 

5.40 

27 

5.20 

28 

5.20 

29.  . 

5.00 
5.20 
5.40 

30... 

31-... 

Apr.    May.  June. 


5.  a) 

5.30 
5.20 
5.00 
5.00 
5.00 
5.00 
4.90 
5.10 
5.10 
5.30 
5.30 
5.30 
5.30 
5.30 
5.70 
6.60 
6.60 
7.00 
7.00 
6.90 
6.90 
6.90 
6.90 
6.60 
6.60 
6.30 
6.00 


6.(X) 
6.20 
6.20 

6.:« 

6.30 
6.20 
6.30 
6.30 
6.30 
6.30 
6.20 
6.20 
6.20 
6.20 
6.20 
6.00 
6.00 
6.00 
5.90 
5.90 
5.90 
5.90 
5.80 
5.80 
5.80 
5.80 
5.70 
6. 70 
5. 70 
5.70 
5. 70 


5.60 
5.60 
5.50 
5.50 
5.50 
5.90 
7.00 
7.60 
7.60 
7.60 
7.00 
6.90 
6.90 
6.90 
6.90 
7.00 
7.00 
7.10 
7.30 
7.90 
8.10 
8.00 
7.W 
7.90 
7.80 
7.81) 
7.60 
7.5() 
7.50 
7.40 


7.40 
7.30 
7.30 
7.50 
7.80 
8.00 
8.20 
8.20 
8.80 
8.90 
9.50 
10.10 
10.10 
9.80 
9.50 
9.50 
9.50 
9.50 
9.30 
9.30 
8.90 

8.:« 

8.00 
8.00 
9.00 
9.40 
9.80 
10.20 
10.10 
9.80 
9.50 


9.00 
8.30 
7.90 
7.50 
7.50 

7.  a) 

7.30 
7.20 
7.40 
7.50 
7.90 
8.20 
8.00 
7.90 
7.50 
7.50 
7.30 
7.30 
7.30 
7.30 
7.00 
7.00 
7.30 
7.:«) 
7.80 
7.80 
7.80 
7.  (JO 
7.3J) 
7.30 


July. 'Aug. 


I 


7.00 
7.00 
6.90 
6.90 
6.70 
6.70 
6.60 
6.60 
6.60 
6.30 
6.30 
6.30 
6.10 
6.10 
6.10 
6.00 
6.00 
6.00 
6.00 
6.a) 
6.00 
5.90 
5.90 
5.90 
5.90 
5.90 
5.80 
5. 80 
5. 70 
5.70 
5.60 


'  5.60 

I  5.60 

,  5.30 

5.10 

I  5.10 

i  6.10 

I  5. 10 

5.00 

5.00 

4.90 

4.90 

4.90 

4.90 

4.80 

4.80 

4.70 

4.70 

4.60 

4.60 

4.50 

4.50 

4.40 

4.40 

4.30 

4.30 

4.30 

'  4.20 

4.20 

'  4.20 

4.20 

4.20 


Sept.  Oct.  I  Nov.  I  Dec. 


4.10 
4.10 

r4.io 

4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.00 
4.00 
4.00 
4.00 
.  4.00 
4.00 
4.00 
4.00 
4.00 
'  4.10 
I  4. 10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.40 
4.40 
4.50 


4.60 

4.60 

4.60 

4.60 

4.50 

4.50 

4.40 

4.40 

4.40 

4.20  I 

4.20  ! 

4.20  ' 

4.20 

4.30  ' 

4.30 

4.30 

4.30 

4.40  I 

4.40  , 

4.40 

4.40  ' 

4.40  ' 

4.30 

4.30  ! 

4.30  I 

4.30  I 

4.30 

4.30  I 

4.30  j 

4.30  j 

4.40 


4.40 
4.40 
4.40 
4.00 
4.00 
4.60 
4.00 
4.60 
4.60 
4.60 
4.80 
5.00 
5. 10 
5.20 
5.20 
5.40 
5.40 
5.40 
5.60 
5.60 
6.50 
5.40 
5.30 
5.30 
6.40 
6.50 
5.50 
5.60 
5.60 
5.80 


6.00 
6.d0 
6.60 
6.60 
6.30 
6.00 
6.00 
5.90 
5.90 
5.60 
5.60 
5.80 
5.30 
5.30 
5.30 
5.20 
5.10 
5.00 
4.90 
4.90 
4.90 
6.00 
6.00 
5.30 
5.60 
5.60 
5.80 
5.80 
5.60 
5.60 
5.60 


I 
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o  Rating  tal>l€  for  Yakima  River  at  Union  Oap,  Wasfi,,far  Jl^)J. 


Gage 
height. 

Feet. 

DiHcharge. 
Second-feet. 

1     Gage 

height. 

Diechu^e. 
Second-feet. 

Gage 
height. 

I     Feet. 

Discharge. 

J 

Second-feet. 

I 
hei^lit. 

!      Feet. 

Dischaniv 

1     Feet. 

Seixmd-tt'  i 

4.0 

820 

'      5.8 

3,160 

7.6 

7,800    ' 

9.4 

15,001^ 

4.2 

1,020 

'       6.0 

3,550 

I      7.8 

8,500    1 

1 

9.6 

15,900 

4.4 

1 ,  230 

;    6.2 

3,980 

8.0 

9,200 

;   9.8 

16,  iM-Hi 

4.6 

1,450 

'      6.4 

4,450 

8.2 

10.000 

10.0 

17,7A» 

4.8 

1,690 

;      6.6 

4, 950 

8.4 

10,800 

10. 5 

19, 950 

5.0 

1,940 

1      6.8 

5, 450 

8.6 

11,600 

;  11.0 

22, 20*-) 

5.2 

2, 210 

7.0 

5,950 

8.8 

12,400 

;    11.5 

24,450 

5.4 

2, 500 

'      7.2 

6,550 

1      9.0 

13,200 

'     12.0 

1 

26, 7U0 

5.6 

2,810 

7.4 

7,150 

1      9.2 

14,100 

__ 

1 

aMeaHuremento  made  since  this  table  was  constmcted 
height  of  5.00  feet;  above  that  height  the  discharge  given 


show  that  it  is  correct 
in  the  table  is  too  low. 


below  a  e>^> 


Estimated  monthly  discharge  of  Yakima  River  at  Union  Oap,  Wiish. 

[Drainage  area,  3,900  square  miles.] 


Discharge  in  second-feet. 


Month. 


1902. 

January 

February  ... 

March 

April 

May  - .  

June 

July 

August 

September  _ . 

October 

November    . 
December  _ . . 


Maximum. 


Minimum. 


The  year . 


10,000 
5,950 
4,210 
9,600 
18,600  I 
13,200  j 
5,950  I 
2,810  i 
1,340  I 
1,450  ' 
3, 160  I 
4,950 

18,600  ' 


1,940 
1,810 
2,980 
2,650 
6,850 
5,950 
2,810 
1,020 
820 
1,020 
1,230 
1,810 

820 


Mean. 


Run -off. 


Total  in     ' 
acre-feet. 


becond-feet  rfc«r»»i, .« 
per  square  i  ^«*^ 
mile.         '   ™<^**^ 


4,804 
3,481 
3,621 
6,442 
13, 105 
7,800 
4,057 
1,625 
925 
1,196 
2,117 
2,869 


295,386 

193, 325 

222, 647 

383,326 

805, 795 

464. 132 

249,455 

99, 979 

55,041 

73,539 

125, 970 

176,408 


4, 337    3, 145, 003 


1.46 

1.05 

1.10 

1.95 

3.97 

2.36 

1.23 

.49 

.28 

.36 

.64 

.87 


1.31 


1.6^ 

i.e: 

4.> 

2.6.. 
1.4: 

.4 

I* 

!,<• 
17.  M 
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NACHES  RIVER  NEAR  NORTH  YAKIMA,  WASH. 

This  station  was  established  August  14,  1893,  by  F.  H.  Newell,  at 
a  point   a  few  hundred  yards  above  the  mouth  of  Naches  River, 
near  the  bridge  of  the  Northern  Pacific  Railroad.     The  vertical  gage 
was  nailed  to  the  cribwork  on  the  right-hand  side  of  the  river,  above 
the  railroad  bridge,  and  could  be  read  easily  from  the  track.     The 
12-foot  mark  was  9.97  feet  below  the  top  of  the  rail  on  the  bridge,  the 
gage  being  about  60  feet  easterl}'^  from  the  rail.     The  top  of  the  iron 
pier,  on  the  southeast  end  of  the  county  bridge,  was  5.87  feet  above 
this  12-foot  mark.     Measurements  were  made  from  the  county  bridge. 
The  locality  was,  however,  not  favorable  for  the  purpose,  as  the  water 
is  very  swift,  and  was  broken  by  the  piers  of  the  bridge.     Owing  to 
the  difficulty  of  securing  accurate  measurements  the  readings  were 
discontinued  on  September  20,  1894,  and  not  resumed  until  August 
19,  1895.     The  flood  of  November,  1896,  modified  the  channel  very 
greatly,  depositing  a  large  mass  of  coarse  gravel  and  small  bowlders 
along  the  right  side  of  the  channel  at  the  section,  so  that  the  rod  was 
about  50  feet  from  the  edge  of  the  water  at  low  stages.     The  cur- 
rent is  swift,  even  at  low  water.     On  account  of  the  instability  of 
the  channel  the  station  was  abandoned  in  February,  1897,  although  a 
number  of  discharge  measurements  were  made  during  the  season. 
The  station  was  located  below  the  heads  of  a  number  of  ditches. 
May  19,  1897,  a  station  was  established  on  Yakima  River,  5  miles 
above  the  mouth  of  the  Naches,  at  the  Northern  Pacific  Railway 
bridge  near  Selah,  Wash.,  with  the  idea  that  the  difference  in  dis- 
charge between  this  station  and  the  one  at  Union  Gap  would  give 
approximately  the  discharge  of  Naches  River.     Two  ditches,  those 
of  Moxee  Valley,  are  taken  out  between  the  two  points,  but  their 
amount  is  about  counterbalanced  by  that  received  from  Atanum 
Creek  and  the  wastage  at  Old  Town. 

The  North  Yakima  station  was  reestablished  on  February  1,  1898, 
and  the  station  at  Selah,  on  Yakima  River,  was  discontinued.  Since 
the  reestablishment  of  the  Naches  station  the  river  channel  has  been 
in  a  condition  more  favorable  for  meter  observations  than  formerly. 
Discharge  measurements  are  made  from  the  lower  side  of  the  high- 
way bridge.  A  new  horizontal  gage  rod,  with  wire  and  weight,  was 
attached  to  the  main  span  of  the  Northern  Pacific  Railwaj-  bridge 
at  the  mouth  of  the  Naches,  a  few  hundred  feet  downstream  from 
the  highway  bridge.  The  length  of  the  gage  wire  from  index  to 
foot  of  weight  was  30.41  feet.  The  pulley  distance  was  5.844  feet. 
The  elevation  of  top  of  pulley  was  24.57  feet.  The  bench  mark 
was  the  top  of  the  north  end  of  east  sill  of  clearance  posts,  about  150 
feet  north  of  Northern  Pacific  Railway  bridge.  Elevation,  23.706  feet 
above  zero  of  gage.  On  December  27, 1898,  Mr.  Arnold  connected  the 
highway  bridge  with  this  bench  mark.     The  top  of  the  northeast 
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concrete  pier  was  found  to  be  at  an  elevation  of  22.09  feet,  and  tb*^ 
top  of  the  bridge  post  at  the  150-foot  mark  at  an  elevation  of  i^i.7- 
feet  above  zero.  The  distance  from  the  top  of  the  post  to  the  surfat-r 
of  the  water  has  been  carefully  measured  at  each  discharge  measun- 
ment,  so  that  the  exact  river  height  at  the  highway  bridge  is  known 

On  June  20,  1901,  the  gage  rod  and  bench  mark  having  l>een  di^ 
turbed  during  alterations  to  the  railroad  bridge  and  approaches,  a 
new  4-inch  by  4-inch  inclined  gage  rod  was  established  on  the  kv 
bank  of  the  river,  30  feet  downstream  from  the  railroad  bridge.  Tht- 
bench  mark  is  U.S.G.S.  B.M.  established  by  H.  S.  Crowe.  It  is  a 
copper  plug  marked  ''lOOO  T."  Its  elevation  is  1,089.959  feet  abov*- 
sea  level.  It  is  located  on  Naches  River  opposite  the  i>oint  wher^ 
it  empties  into  Yakima  River,  in  the  center  of  the  west  end  of  the 
8tx)ne  pier  of  the  railroad  bridge.  The  elevation  of  the  zero  of  thf 
gage  is  1,070.22  feet  above  sea  level.  The  initial  i)oint  for  measuiv- 
ments  is  the  center  of  the  east  pier  of  the  highway  bridge.  Th^- 
lower  section  of  the  gage  rod  is  inclined  at  an  angle  of  36°  30'  with 
the  horizontal.     The  upper  section  is  inclined  at  an  angle  of  80*". 

Owing  to  unfavorable  conditions  at  the  highway  bridge  due  U}  xh*- 
accumulation  of  drift  and  a  changing  channel,  a  cable  station  ha- 
been  established  between  the  highway  bridge  and  the  railway  bridjre 
A  careful  measurement  under  favorable  conditions  made  in  1903  a*, 
the  new  station  made  by  Geo.  H.  Bliss  gave  a  discharge  of  4'/i 
second-feet  at  5.25  feet,  of  gage  height. 

Discharge  measurements  of  Naches  River  near  North  YakimOr^  H'cwii. 


Date. 


1902. 


Hydrographer. 


April  14 '  Sydney  Arnold 

April  30_ do 

May  8 do 

June  13 do _  _  _ 

Augnst  28 ' do 

August  28 do  _ _ . 

November  4 i do  _ 


hei^^    .  iHscharvr 


Feet. 
6.65 
7.20 
8.45 
7.80 
5,20 
5.20 
5.45 


i.a'>: 

5.>- 
3.  Ml 

»n. 


a  Measured  at  Nelson  bridgre,  4  miles  above  gaginfir  station. 
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L>aily  gage  height,  infect,  of  NacJies  River  near  North  Yakima,  Wash. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

6.80 
6.20 
6.30 
6.80 
6.80 
6.90 

May. 

June. 

July, 
run 

Aug. 

Sept. 

Oct. 

5.40 
5.40 
5.40 
5.40 
5.80 
5.80 
5.20 
5.20 
5.20 
5.20 
5.20 
5.80 
5.80 
5.80 
5.20 
5.30 
5.40 
5.60 
6.50 

Nov. 

5.60 
5.00 
5.70 
5.60 
5.60 
5.50 
5.50 
5.60 
5.80 
6.00 
6.00 
6.00 
6.00 
6.10 
6.10 
6.20 
6.30 
6.40 
6.80 
6.10 
6.00 
5.90 
5.90 
5.90 
5.80 
5.80 
5.80 
5.70 
6.70 
5.95 

Dec. 

ifloe. 

6.50 
6.40 
6.40 
6.60 
7.05 
7.50 
7.50 
8.40 
8.20 
7.80 
7.60 
7.60 
7.40 
7.20 
6.90 
6.70 
6.60 
6.50 
6.45 
6.40 
6.40 
6.30 
6.20 
6.10 
5.80 
5.80 
5.80 
5.80 
5.80 
5.80 
5.80 

5.80 
5.80 
5.80 
5.80 
5.80 
5.80 
5.80 
5.80 
5.75 
5.70 
5.70 
5.70 
5.70 
5.70 
5.80 
6.40 
7.00 
7.00 
0.90 
6.90 
6.80 
6.70 
6.70 
6.70 
6.70 
6.70 
6.60 
6.60 

6.50 
6.40 
6.80 
6.30 
6.30 
6.30 
6.80 
6.40 
6.45 
6.50 
6.50 
6.5a 
6.50 
6.40 
6.40 
6.80 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.15 
6.10 
6.10 
6.10 
6.10 
6.10 
6.10 
6.10 
6.10 

1 
7.80  1  8.10 

ft  en 

5.20 
5.20 
5.20 
5.10 
5.10 
5.10 
5.10 
5.10 
5.10 
5.10 
5.10 
5.10 
5.10 
5.06 
5.00 
5.00 
5.00 
6.00 
5.00 
5.00 

6.20 

» 

7.10  1  7  nn  '  7nn  ,  «  in 

6  40 

t _ 

7.10 

7.60 

7.20  1  A  05 

6.20 

[ 

7.20  i  7.40 
7.30  ]  7.40 
7.150    7.an 

7.80 
7.10 
7.06 
7.00 
R.flO 

6.00 
6.00 
5.90 
5.90 
5.90 
5.80 
5.80 
5.80 
5.70 
5.70 
5.60 
5.60 
5,50 
5.50 
5.50 
5.50 
5.40 
5.40 
5.40 
5.30 
5.30 
5.80 
5.30 
5.20 
5.20 
5.20 
5.20 
5.20 

6.10 

> 

\ 

6.10 
6.00 

r _ 

7.50  i  7.90     7.30 
7.80    8.90     7.70 

5.95 

< _ 

5.90 

1 : 

7.80    8.70  '  8-10  !  B.flO 

6.00 

f) 

7.20  1  8.80 
6.90  '  8.85 

8.20     6.80 

6.10 

I  

8.20 
8.10 
7.90 

6.80 
6.80 
6.80 

6.10 

2 

6.80 
6.75 
6.70 
6.80 
6.90 
7.40 
7.50 

8.90 
8.80 
8.80 
8.70 
8.60 
8.50 
8.80 

6.10 

3 

6.10 

4 

7.80  1  6.80 
7.75  1  6.80 
7.70    6.80 
7.70    6.80 
7.70    6.70 
7.60    6.70 
7.60     6.70 
7.60    6.70 
7.80    6.70 

6.00 

5 

5.90 

8.._ 

5.80 

7 

8 

5.80 
5.70 

9 

8.20  j  8.10 
8.06     7.80 
7.90  1  7.80 
7.80  i  7.70 
7.TO  I  7.90 
7.60    8.10 
7.50     8.?5 
7.50  1  8.40 
7.45  1  9.00 
7.40     9.40 

5.70 

» 

5.70 

Jl 

5.00    5.50 
5.00  1  5.40 
5.00     5.40 

5.70 

a 

5.70 

a 

8.00 
8.10 
8.10 
7.90 

6.70 
6.60 
6.60 
6.50 

5.80 

»4 

5.00 
5.00 

5.40 
5.40 

6.80 

s 

6.00 

» 

5.20  1  5.40 
5.30    5.40 
5.40     5.40 

6.20 

87 

s» 

7.80    6.40 
7.60     6.30 
7.45     6.30 
7.30    6.20 
6.20 

6.60 
6.50 

2» 

a) 

31 

7.30 
7.20 

0.80 
8.70 
8.30 

5.50 
5.60 

5.40 
5.40 
5.40 

6.40 
6.40 
6.80 

Rating  table  for  Naches  River  at  North  Yakima,  Wash,,  for  1902. 


hei^t. 

Discharge. 

1 

Gacre 
height. 

Feet.  ' 

1 
Second-feet. 

Feet. 

5.0 

200 

6.2 

5.2 

300 

6.4 

5.4 

425 

6.6 

5.6 

570 

6.8 

5.8 

735 

7.0 

6.0 

920 

7.2 

Discharge. 

Gaffe 
height. 

1 

Discharge. 

Gage 
hei^t. 

Feet. 

Discharge. 

Second-feet. 

1     Feet. 

I 
Second-feet.^ 

Second-feet. 

1,125 

7.4 

2,950 

8.6 

6,290 

1,350 

7.6 

3,860 

8.8 

6,830 

1,595 

7.8 

3,810 

9.0 

7,470 

1,860 

8.0 

4,370    ' 

'           1 

2,152 

i      8.2 

5,010    1 

2,580 

8.4 

1 

5,650 

IRR  85—03- 
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Estimated  monthly  discharge  of  Naches  River  ^vear  North  YaJciniOr^  VTaah. 

[DrainaKe  aroa,  1,(100  squai'^  milos.  ] 


Month. 


Discharge  in  second-feet. 


Maximum. 


1902. 

January  

February 

March 

April 

May 

June 

July 

August 

September  _.. 

October 

November 

December 

The  year 


5, 650 
2, 152 
1,470 
5,010 
8,750 
5,010 
2,760 
1,125 
495 
495 
1,350 
1,595 

8,750 


1 


Minimum. 


735 

650 

1,020 

1,125 

2,311 

2,760 

1,125 

300 

200 

300 

495 

650 


Mean. 


1,943 

1.210 

1,211 

2,638 

5,282 

3,782 

1,845 

589 

263 

390 

820 

975 


Rnn-off. 


Total  in  acre  | 

feet.  Second-feet  rfc««*»,  - 


119,470  ; 

67.200 

74,461  \ 

156,972  I 

324,777  t 

225,045  ' 

113,445 

36,216 

15, 650 

23,919 

48,793 

59,950 


1,746    1,265,898 


1.94 

1.21 

1.21 

2.64 

5.2« 

8.78 

1.85 

.59 

.26 

.39 

.82 

.98 


1.74 


4.^ 


A'} 


2:^.: 


TIETON  RIVER  NE.AR  NORTH  YAKIMA,  WASH. 

The  gaging  station  on  this  stream  was  established  April  14,  r.^'-, 
at  a  point  immediately  below  the  mouth  of  Oak  Creek,  iu  sec.  3,  T.  U 
N.,  R.  16  E.  of  the  Willamette  meridian,  and  about  22  miles  from 
North  Yakima  by  road.  The  gage  rod  is  inclined  at  an  an^le  of  5.> 
with  the  horizontal  and  is  on  the  left  bank  of  the  stream.  It  consists 
of  a  1  by  5  inch  cedar  plank  supported  and  braced  by  stout  logs. 
The  equipment  with  which  measurements  are  made  consists  of  a  five- 
eighth-inch  galvanized-iron  cable  supporting  a  wooden  e^r,  tag  wirv, 
and  stay  wire.  The  initial  point  for  soundings  is  a  cross  chfsele4i  in 
a  ledge  with  a  black  ring  painted  around  it.  It  is  under  the  cable,  4 
feet  east  of  the  west  shear  legs.  The  observer  is  Oraer  Tetherow,  a 
farmer.  There  are  no  side  channels  and  the  banks  are  not  subject  to 
overflow.  The  bed  of  the  stream  is  rocky,  with  shifting  g^ravel  bars. 
which  make  it  diflficult  to  find  suitable  cross-sections  for  meter  meas- 
urements. The  point  selected  for  the  station  is,  however,  a  fairly 
good  one,  and  the  channel  is  straight  both  above  and  below  the  statiun 
for  several  hundred  yards. 
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I>ischarge  inettguremeHts  of  Tieton  River  near  North  Yakima^  Wash, 


Date. 

Hydrographer. 

Gafln 
heigh 

t. 

m 

Diw 
Seco 

charge. 

1902. 
June  21 

Sydney  Arnold  . .  _ 
do 

Feet 

8.S 

md'feet. 
1,471 
1,106 

June  28  _ 

8.55 
8.45 
7.30 
6.90 
6.55 
6.80 

Jnly  16_ 

do 

906 

AnfiTUst  25 - 

d 

O 

0 

O 

- 



392 

September  16 

d 

806 

October  27 

.     -d 

228 

^ovPTn^r  2ft 

do 

289 

Daily  gage  height,  infe 

let,  of  Tieton  River 

near  North  Yakima,  Wash, 

Day. 

Apr. 

May. 
8.10 

Jane. 
8.85 

July. 

Ang. 

7.98 
7.83 
7.70 
7.68 
7.68 
7.68 
7.83 
7.88 
7.75 
7.70 
7.55 
7.65 
7.53 
7.53 
7.48 
7.43 
7.83 
7.28 
7.18 
7.30 
7.23 
7.38 
7.38 
7.35 
,     7.28 
7.25 
7.15 
7.20 
7.10 
7.10 
'7.0fe 

Sept. 

Oct. 

Nov. 
6.60 

Dec. 

1802. 

1 : 

8.60 
8.43 
8.30 
8.35 
8.50 
8.28 
8.13 
8.13 
8.20 
8.20 
8.25 
8.25 
8.10 
8.13 
8.28 
8.40 
8.20 
8.13 
8.25 
S.35 
8.40 
8.30 
8.30 
8.23 
8.13 
8.10 
8.18 
7.88 
7.80 
7.73 
7.85^ 

7.10 
7.12 
7.15 
7.20 
7.13 
7.30 
7.36 
7.26 
7.18 
7.16 
7.05 
7.08 
6.93 
7.00 
7.06 
6.95 
6.87 
6.Ki 
685 
6.82 
6.75 
6.75 
6.72 
6.75 
6.72 
6.?2 
7.27 
7.03 
6.88 
6.83 

6.80 

7.98 

2 

8.00        8.70 
8.00  ^      8.65 
8.00  ,      8.45 
8.10  1      8.40 
8.40  1      8.40 
8.80        8.40 
9.40  j      8.70 
9.60        9.25 
9.75  1      9.30 
9.90        9.20 

6.75  f     6.73 
6. 75        6-  80 

7.45 

1 

3                             ...         1 

7.30 

4 



6.73 
6.?i 
6.72 
6.75 
6.75 

6.70 
6.00 
6.65 
6.76 
7.23 

7.25 

5                  

7.08 

6 

7.00 

7 

7.00 

8     

7.00 

9 

6.72        7.33 
6.75        7.18 

7.00 

10    

7.50 

11 

6.75 
6.73 
6.68 
6.70 
6.70 
6.90 
6.93 
6.80 
6.70 
6.70 
6.65 
6.70 
6.00 
6.60 
6.60 
6.60 

o.'eo 

6.70 
6.75 
6.65 
6.65 

7.13 
7.08 
6.95 
6.93 
6.90 
7.18 
7.45 
7.35 
7.18 
7.13 
7.05 
7.a) 
6.93 
6.95 
6.90 
6.85 
6.a5 
6.a5 
6.80 
6.85 

7.83 

13 

9.50 
9.40 
9.40 
9.40 
9.00 

8.95 
8.90 
8.85 
8.85 
8.90 

7.23 

13                                   

7.10 

u    

6.86 

15                              

7.00 

16                    

7.48 

17                  

9.25        8.60 
9.a>        8.65 
8.85        8.65 
8.70        8.80 
8.00        8.90 
8.70        9.08 
8.70        9.30 
8.80  '      9.33 
9.00        9.23 
9.45  '      8.88 
10.06        8.75 
10.20        8.63 
9.65        8.50 
9.3[)        8.62 
9.06  ' 

6.65 

18 

6.68 

19                       

6.58 

20 

6.98 

1 
21              

8.80 

*' 1 

22                        

6.90 

23 

6.85 

24 

25 

26 

27 

28 

29 

30 

31                

8.50 
8.40 
8.40 
8.30 
8.30 
8.30 
8.30 

6.68^ 
7.40 
8.10 
7.80 
7.50 
7.33 
7.26 
7.28 
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t^Sn.  V 


Gaffe 
height. 


Hating  table  for  Tieton  River  near  North  Yakima.  Wa^h..  far  J9oJ. 


Feet. 
6.0 

6.2 

6.4 

6.6 

6.8 

7.0 


Second-feet., ,  Feet. 

120  ;  7.2 

160  I;  7.4 

200  ;;  7.6 

240  i;  7.8 

284  !i  8.0 

328  !i  8.2 


Second-feet. 
372 
420 
484 
560 
640 
750 


Feet. 

8.4 
8.6 
8.8 
9.0 
9.2 
9.4 


Discharge 
Second-feet 

900 


S^cand-fr^* 

2.810 


Estimated  monthly  diw^harge  of  Tieton  River  near  North  YcJcima,  IVask. 

rDraiuage  area,  280  square  miles.] 


Month. 


1902. 

Kay 

June 

July 

August  — 
September  . 

October 

Kovember. . 
December .  _ 


Diflcbarge  ^n  second-feet. 


Maximtlin. 


] 


3,oao 

1,986 
1,110 
632 
390 
313 
435 
1,350 


Mlnimnm. 


640 
900 
533 
339 
269 
236 
240 
236 


Mean. 


1,693 
1,378 
779 
.  450 
327 
265 
321 
409 


Total  in 
acre-feet. 


104, 100 
82,000 
47,900 
27,670 
19,460 
16,290 
19,100 
25, 150 


Second- 
feet  per 
aqamre 
mile. 


I>epth  :c 


5.86 
4.77 
2.70 
1.56 
1 .  13 
.92 
1.11 
1.42 


6.:« 
•J.  •»• 

3.11 

l-# 
l.« 
1.^4 
l.fv4 


SPOKANE  RIVER  AT  SPOKANE,  WASH. 

The  falls  at  SpokAli^^  aggregating  142  feet  in  height,  have  liet^n 
utilized  to  a  con s idtivrtbhi  o.v tent  by  a  number  of  flour  mills,  as  wella> 
by  the  power  plant  of  the  Washington  Water  Power  Company,  whirh 
furnishes  electric  power  for  the  street-car  service  and  for  the  lighting 
of  the  city.  The  river  station  established  by  C.  C.  Babb,  October  17, 
1896,  is  a  short  d<^!A*ice  above  Spokane  Falls,  at  the  bridge  of  the 
Oregon  Railway  Mixl  ^^«lvigation  Company.  The  rod  of  the  first  wire 
gage  was  fastened  to  th^  Upper  guard  rail  in  the  west  span  of  the  bridge. 
The  distance  from  the  end  of  the  weight  to  the  index  was  22.00  feet, 
and  from  the  zero  of  iJre  rod  to  the  outside  edge  of  the  pulley  1,S ' 
feet.  The  gag^  was  cotHfterted  with  a  bench  mark  of  the  city  engi- 
neering department  and  "referred  to  sea  level,  the  rod  datum  being 
1,880  feet  above  sea  level.  Tlie  channel  is  straight  for  some  distance 
above  and  l>elow  the  section.  The  bed  is  gravelly  and  is  practieallv 
unchangeable.  Th^  banks  are  high  and  are  only  overflowed  durinir 
extraordinary  floods^ 


NEWELL.] 


COLUMBIA   RIVER   DHAINA(JE    BASIN. 


197 


During  1901  new  gages  and  bench  marks  were  established  at  this 
point.  The  bench  mark  is  a  railroad  spike  driven  into  the  electric- 
light  pole  close  to  and  on  the  south  side  of  the  railroad  track,  at  the 
west  end  of  the  bridge,  at  an  elevation  of  1,806.86  feet.  The  new 
wire  gage  on  the  north  side  of  the  west  span  of  the  bridge  is  the  one 
used  for  recording  the  gage  height.  The  zero  of  thid  gage  is  at  an 
elevation  of  1,879.36  feet,  coinciding  e5tactly  with  the  poflitioh  of  the 
zero  of  the  old  gage.  The  distance  from  the  end  of  the  weight  to 
the  marker  is  22  feet,  the  same  as  for  the  old  gage,  but  the  distAhCe 
from  the  zero  of  the  rod  to  the  outside  edge  of  the  pulley  is  how  1.90 
feet.  As  a  safeguard,  a  new  vertical  gage  rod  has  also  beeh  placed  on 
the  west  face  of  the  west  pier  of  the  bridge,  the  datum  of  which  cor- 
responds with  that  of  the  wire  gage. 

The  Oregon  Railway  and  Navigation  Company's  bridge  to  whieh  the 
gage  is  fastened  and  from  which  measurements  of  iiow  are  taken,  has 
been  under  reconstruction  during  1902,  so  that  nogxgings  could  be 
made  during  that  year.  The  bed  of  the  river,  however,  has  not  changed, 
and  the  1901  rating  table  is  applicable  for  the  1902  discharges. 

Daily  gage  height ^  in  feet,  of  Spokane  River  at  Spokane,  Wa^h. 


Day. 

Jan. 

190e. 
1               

8.20 

t      .             

8.20 

3     .: 

.S.20 

4 _ - 

8.20 

5 

8.20 

6 

8.25 

7 

8  80 

8 _ 

3  fiO 

9       

3,fl0 

10                

4,25 

n 

12 

4.45 
4.70 

1.3 

4.70 

u                 

4,70 

15 ; 

4.70 

16 

4.60 

17            

4.55 

18                

4  40 

19 

20 

21   

4.30 
4.30 
4  20 

22 

4  10 

23 

4.05 

34 

3  95 

25 

3  80 

26 

3.70 

27 

3  00 

28 

3.45 

2» 

30 

3.35 
3  25 

81 

3.20 

Feb.  I  Mar 


3.15 
3.10 
3.00 
3.00 
2.95 
2.90 
2.80 
2.80 
2.80 
2.85 
2.80 
2.80 
2.80 
2.80 
2.75 
2.75 
2.80 
2.95 
3.30 
.3.66 
3.85 
3.95 
4.10 
4.10 
4.20 
4.35 
4.50 
4. 60 


4.70 
4.75 
4.80 
4.80 
4.80 
4.75 
4.75 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.76 
4.7<) 
4.e5 
4.60 
4.50 
4.45 
4.40 
4.85 
4.25 
4.20 
4.15 
4.10 
4.05 
4.00 
3.90 
3.85 
3.80 


3.70 
3.70 
3.70 
3.70 
3.75 
3.85 
3.95 
4.10 
4.45 
4.70 
4.90 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.10 
5.80 
5.55 
6.80 
5.90 
6.00 
6.05 
0.10 
6.06 
6.05 
6.05 
fi.(X) 


6.00 
6.00 
6.00 
6.00 
6.05 
6.05 
6.05 
6.15 
6.40 
6.60 
6.95 
7.20 
7.40 
7.60 
7.75 
8.00 
8.25 
8.40 
8.50 
8.60 
8.55 
8.70 
9.05 
9.40 
9.70 
9.80 
9.80 
9.70 
9.70 
9. 70 
9.70 


I    T 


Jnne. 

jQly. 

4.55 

1 
Amg.  1  Sept.  Oct. 

1          1 

Nov. 
1.70 

Dec. 

9.60 

i 
3.80  I  2.15  1  1.75 

a  00 

9.40     4.46  \  8.75     2.10  !  1.75     l.TO 

a  00 

9.20    4.45  j  8.65  ■  2.05  j  1.T5  ■  l.TO 

a  05 

9.00    4.»  <  S.65    2.00.  1.T5  '  1.75 

a  05 

8.75 

4.86 

3.46  ,  2.00  1  1.75  '  1.75 

a  05 

8.50 

6.05 

8.40    2.00  '  1.75  !  1.75 

a  05 

7.90 

6.45 

a  30    2.00     1.75 

1.75 

a  05 

7.80 

6.90 

8.20    2.4»  I  1.75  1  1.75 

a  00 

7.80 

7.05 

a  10    2.60    1.75  '  1.90 

a  00 

7.40    7.10 

3.05  ,  I.IK     1.70    2.25 

a  06 

7.20     7.05 

a  00  1  l.flO 

1.70    2.50 

a  15 

7.20 

6.95 

2.95     1.90 

1 

1.70    2.60 

a  25 

7.00 

6.80 

2.90  ^  1.90  1  1.70     2.70 

a  85 

7.00 

6.65 

2.85 

1.90  !  1.70  '  2.«) 

a  50 

6.80 

6.50 

2.75     1.90  ,  1.70  ]  2.85 

a  66 

6.70 

6.30 

2.75  ;  1.85  j  1.70  ;  2.90 

a  60 

6.50     6.15 

2.70     1.86  ,  1.70    2.90 

a  45 

6.15     5.95 

2.65     1.80  ,  1.65     aOO 

a  45 

6.(ri     5.75 

2.60     1.80  '  1.60     3.10 

a  85 

6.00  '  6.60 

2.a0>  1.75    1.60    a3o 

a25 

5.80  I  5.45 

2.50  i  1.75  1  1.80    3.30 

a  90 

5.70    5.26 

2.50  '  1.75  '  1.56  1  3.25 

a  15 

5.55     5.10 

2.50  1  1.75     1.66  1  a26 

a  15 

5.40     5.0J) 

2..*)'  1.75  '  1.55  !  a25 

a  10 

5.30  1  4.90 

2.46     1.75     1.50     ai5 

a  05 

5. 15  '  4. 70 

2.35     1.75     1.50 

a  15 

a  05 

5.00  '  4.50 

2.85*1.75     1.50  '  a05 

ao5 

4.90  1  4.40 

2.30'  1.76     1.60     aOO 

1                '^                              1 

a  05 

4.75 

4.30 

2.25  '  1.75  1  1.80  1  2.95 

a  10 

4.65 

4.20 

2.20  '  1.75  !  1.60  1  2.95 

a  15 

'  4.00 

l_ 

2.20  ' '  1.60 

1 

a  15 
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'  NO.  V 


Rating  table  for  Spokane  River  at  Spokane,  Wash.,  for  1902, 


Gage 
height. 


1.0 
1.2 
1.4 
1.6 
1.8 
2.0 
2.2 
2.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3.6 


DiBcharge. 

1 
1     Gage 
helSit. 

Second-feet. 

;     Feet 

1,341 

3.8 

1,611 

4.0 

1,897 

4.2 

2,199 

4.4 

2,517 

4.6 

2,851 

4.8 

3,200 

5.0 

»,566 

5.2 

3,946 

5.4 

4,340 

5.6 

4, 749 

'  5:-8' 

5, lt2  ' 

6.0 

5,609 

6.2 

6. 059 

6.4 

1 
Discharge,  i 

Gage 

height. 

flerond'feet. 

Feet 

6,523 

6.6 

7,000 

6.8 

7,489 

7.0 

7,990 

7.2 

8,50a 

7.4 

9,028 

7.6 

9,565 

7.8 

10,114 

,      8.0 

1 

10, 673 

.      8.2 

11,243 

1      8.4 

1 

11,824 

i      8.6 

12,416 

8.8 

13, 019 

9.0 

1 

13,631 

9.2 

Discharge. 

Second-feet. 
14,253 
14,885 
15,525 
16, 173 
16, 829 
17,493 
18, 165  ■ 
18,845 
f9;533 
20,238 
20,928 
21,636 
22,851 
28,073 


Q&i 


1   hei^t 


Fhet. 
9.4 
9.6 
9.8 

10.0 
10.2 
10.4 
10.6 
10.8 
11.0 
11.2 
11.4 
11.6 
11.8 
12.0 


Irtacbaxge. 


1 


Seeomd-ftfi 
28,80U 
24,531 
25,26d 
26.012 
26,759 

■  27,510 
28,265 
29,024 
29,787 
30,554 
31,825 
32,099 
32,875 
33. 6V^ 


Estimated  monihly  discharge  of  Spokane  River  at  Spokane,  ^Vash. 

[Drai^iage  area,  4,005  square  milee.] 


Month. 


1902. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maximum. 


8,764 

8,503 

9,028 

12,716 

25, 269 

24, 531 

15,848 

6, 523 

3,112 

2,437 

5,389 

5,946 


25, 269 


Minimum. 


5,172 
4,241 
6,523 
6,289 
12,416 
8,634 
7,000 
3,200 
2,437 
2,046 
2,356 
4,749 


Mean. 


6,759 

5,453 

8,215 

9,618 

18,558 

15,110 

11,223 

4,464 

2,647 

2,289 

4,010 

5,115 


Total  in 
acre-feet. 


2,046 


7,788 


415,595 
302,844 
505, 121 
572,311 
1,141,087 
899, 107 
690, 075 
274,481 
157,507 
140,745 
238,612 
314, 509 


5,651,994 


Hon-oif. 


Second-feet,  ly^^^hiz 


1.69 
1.36 
2.05 
2.40 
4.63 
8.77  I 
2.80  I 
1.11 

.66 

.57 
1.00 
1.28 


i.4e 

2.« 

.74 

i.ie 

1.4^ 


1.94 


26.4: 
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MISSOULA  RIVER  AT  MISSOULA,  MONT. 

This  station,  established  July  10, 1898,  is  located  at  Higgins  Avenue 
bridge  in  Missoula.     The  river  at  this  point  flows  in  two  channels, 
and  in  order  to  study  their  fluctuations  a  second  rod  was  placed  on 
the  south  channel  January'  28,  1899.     This  second  rod  is  vertical  and 
attached  to  the  pier  of  the  bridge.     The  readings  of  the  two  rods  were 
made  to  correspond  on  the  date  of  the  establishment  of  the  second 
rod.     The  original  rod  is  known  as  rod  No.  1,  and  the  gage  in  the 
south  channel  is  known  as  rod  No.  2.     Discharge  measurements  are 
always  made  at  the  bridge  of  the  Bitterroot  Valley  division  of  the 
Northern  Pacific  Railway,  some  distance  below  the  Higgins  Avenue 
bridge.     The  river  at  this  point  is  practically  in  one  channel,  except 
in  times  of  flood,  when  some  water  finds  its  way  through  a  slough  600 
feet  south  of  the  bridge.     On  account  of  the  difficuUy  of  accurately 
measuring  the  fluctuations  of  the  river  at  rods  Nos.  1  and  2  a  third 
rod  was  placed  May  27,  1899,  below  the  junction  of  the  two  branches 
and  150  yards  east  of  the  railroad  bridge.     The  rod  at  this  point  con- 
sists of  a  horizontal  20-foot  timber  bolted  to  a  cottonwood  tree  imme- 
diately below  the  buildings  of  the  Garden  City  Bottling  Works.     The 
rod  is  securely  braced  with  timbers  both  above  and  below  and  guyed 
by  wires  on  both  sides.     To  the  horizontal  timber  is  attached  a  wire 
gage,  the  length  of  which  is  22  feet.     The  bench  mark  consists  of  a 
United  States  Geological  Survey  iron  post,  at  the  junction  of  McCor- 
mick  and  West  Cedar  streets,  100  yards  east  of  the  gage,  on  the  north 
side  of  the  highway.     Its  elevation  above  sea  is  3,194.642  feet.     The 
top  of  the  horizontal  bar  of  the  gage,  at  a  point  exactly  over  the  iron 
bolt  which  holds  the  rod  to  the  cottonwood  tree,  is  3,178.338  feet.    The 
height  of  the  river  was  read  at  the  three  rods  during  1899,  but  all 
subsequent  readings  have  been  made  from  No.  3. 

During  1902  the  following  discharge  measurements  were  made  by 
H.  B.  Waters: 

April  24:  Gage  height,  4.61  feet;  discharge,  2,570  second-feet. 
April  24:  Gage  height,  4.59  feet;  discharge,  2,542  second-feet. 
July  12:  Gage  height,  5.97  feet;  discharge,  5,302  second-feet. 
August  27:  Gage  height,  4.02  feet;  discharge,  1,941  second-feet. 
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Daily  gage  height,  in  feet,  of  Missoula  River  at  Missoula^  Mont, 


Is. .  <. 


Day. 

Jan. 

1 

Peb.i 

IttB. 
1 

(") 

8 

8 

1 

4 

5 

6 



7 



8 

9 

(«) 

ID 



U 

U 

18 

14 

15 

(«) 

16 

17 

8.25 



18 

19 

80 

a 

S8 

(«) 

28 

24 

(«) 

25 ". 

86 

4.06 
4.05 
4.03 

27 

28 

8B 

80 

81 

(«) 

Mar. 


8.88 
3.83 
8.76 
aTS 
8.78 
8.80 
8.80 
8.88 
8.85 
3.03 
8.98 
8.90 
8.90 
3.88 
8.78 
3.63 
8.75 
3.76 
a75 
3.73 
3.73 
3.75 
8.58 
8.53 
3.00 
3.76 
8.85 
3.80 
3.70 
3.48 
3.5:^ 


3.70 
8.68 
8.73 
8.90 
4.40 
4.85 
4.63 
4.78 
4.80 
4.53 
4.80 
4.18 
4.18 
4.05 
4.06 
4.10 
4.23 
4.55 
4.73 
4.83 
4.88 
4.80 
4.63 
4.60 
4.60 
4.58 
4.65 
4.63 
4.43 
4.60 


4.73 

4.80 
4.88 
4.85 
4.80 
4.73 
4.88 
5.28 
6.65 
6.85 
6.78 
7.28 
8.18 
7.72 
8.65 
9.62 
9.42 


Jane. ,  Jnly. 


9.20  I 
8.77 
8.60 
8.76 
9.10 
9.22 
9.22 
9.22 
9.22 
9.55 
9.80 
10.15 
10.18 
9.80 


9.72 
9.47 
9.15 
8.90 
8.50 
8.00 
7.75 
7.57 
7.42 
8.23 
8.32 
8.80 
7.90 


7.67 


7.60 
7.45 
7.82 
6.82 
6.62 
6.47 
6.87 
6.25 
6.27 
6.85 
6.32 
6.27 
6.27 
6.12 
6.05 
6.96 


1  5.87 
I  6.92 
I  6.15 
1  6.47 
I  6.60 
j  6.70 
I  6.57 
I  6.87 
!  6.27 


'  I 

An^.'  Sept.,  Oct.  [Not.  Ih- 

; 1 - 


6.15  I 
6.10  I 
6.06  ; 
5.97 
5.82  ' 
5.76  ; 
6.65  • 


I  6.60 

I 

,  5.75 


,  5.80 
'  5.65 
I  6.55 
I  6.42 
I  5.85 
5.22 
5.15 
I  5.07 
I  4.97 
,  4.92 
'  4.85 
'  4.82 
1  4.75 


4.07 

4.67 

4.42 

4.45 

4.40 

4.35 

4.38 

4.27 

4.25 

4.85 

4.15 

4.15 

4.12 

4.15 

4.80 

4.25 

4.17 

4.32 

4.30 

4.27 

4.17 

4.15 

4.10 

4.10 

4.12 

4.06 

4.00 

4.00 

3.95 

3.90 

8.4» 


I  aw 

j  3.90 

I  3.  as 

I  9.82 

'  a77 

I  a87 

'  3.72 
I  3.80 

'  3.  77 

I  3.70 

1  3.72 

,  a75 

aTO 

3.72 

a75 

a80 

8.77 

aw 

3.R2 

a«7 

S.80 

a8o 

8.82 
3.75 
3.80 
a  87 
3.82 
a  80 

ao7 

I 


3.90  i  8.{C 


J  3.80 
I  3.80 


\ 


3-8e 

aw 
as? 
a8D 
asfi 
a98 

4.10 
4.18 


-v.- 

a* 


8.82 
4.05 
3.87 
a77 

arr 
a8o 

a88  j  4.W,  ilT 
3.85  I  4.8S  it£ 
3.90  >  4.9)'  4.'t- 
3.85  j  4.20  :i£ 
a83  '  4.15  If 
3.85      4.15     -J* 

a80      4.10  

ass  I   4.00  

a87  I  4.(1)      - 
3.80      4.0*       ... 

a80    a95 

a8o  i  a«o     - 

3.80  '  aso 

a8o  I  aw 

3.88  '   B.7i       ' 

a87  '  a:u   

3.87 

asT 

3.85 
a  86 

3.80  <  aw 

ass  i 

I 


aTO 
a66 

a6D 
aTO 


o  Ice  at  gage. 


Bating  table  for  Missoula  River  at  Missotila,  Mont.,  far  iyo2^ 


1 

Gage     1 
height.  1 

Feet. 

Discharge. 
Second-feet. 

Oage 
height. 

Discharge. 

Feet. 

Second-feet 

a  4 

1,525 

5.2 

3,610 

a  6 

1 ,  «50 

5.4 

4,010 

8.8 

1,780   : 

5.6 

4, 435 

4.0 

1,940    ; 

5.8 

4,875 

4.2 

2,115     1 

6.0 

5, 825 

4.4 

2,320 

6.2 

5,790 

4.6 

2, 570 

6.4 

6,230 

4.8 

2,870 

6.6 

6,740 

6.0 

8,240 

6.8 

7, 205 

Oage 
height. 


Feet. 
7.0 

7.2 

7.4 
7.6 
7.8 
8.0 
8.2 
8.4 
8.6 


Discharge. 


Sccond'feei. 
7,695 

8,200 

8,750 

9,250 

9,810 

10,400 

11,000 

11,610 

12,250 


heiglit. 

Feet. 

8.8 
9.0 
9.2 
9.4 
9.6 
9.8 
10.0 


I 


Secowkd'f*fi 

13,  4T5 
14,120 
14,735 
15, 425 
16,  125 
16,825 
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Satimated  monthly  discharge  of  Missoula  River  at  Missoula,  Mont, 

[Drainage  area,  5,960  square  miles.] 


Vonth. 


1903. 

March 

April 

May 

Jnxie  _ 

July  -._ 

Angxtst 

September __ 

October 

November 

December,  14  days 


Discharge  in  second-feet. 


Maximum. 


1,900 
3,050 
17, 350 
15, 775 
6,975 
3,637 
1,865 
1,980 
3,315 


Minimum. 


1,580 
1,715 
3,787 
5,312 
3,787 
1,865 
1,715 
1,750 
1,650 


Mean. 


1,766 
2,383 
10,236 
8,858 
4,725 
3,136 
1,778 
1,808 
1,875 
3,336 


Total  in 
acre-feet. 


108, 587 
141,798 
639, 387 
536, 771 
290, 529 
131 , 338 
105, 798 
111,170 
111,570 
63, 091 


Run-off. 


Seoond-feet 

per  square 

mile. 


Depth 
in  inches. 


0.30 
.40 
1.73 
1.49 
.79 
.86 
.80 
.30 

;3i 

.38 


r 


I 


0.35 
.45 
1.98 
1.66 
.91 
.43 
.33 
.35 
.35 
.30 


BITTERROOT  RIVER  NEAR  GRANTSDALE,  MONT. 

This  station  was  established  April  25,  1902,  by  II.  B.  Waters.  It 
is  located  on  the  highway  bridge  2  miles  southwest  of  Orantsdale  and 
5  miles  southwest  of  Hamilton,  Mont.  The  gage  is  the  usual  wire 
type  fastened  to  the  downstream  truss  of  the  bridge.  It  is  graduated 
to  feet  and  tenths  and  is  read  daily  by  T.  J.  Holt  who  lives  about  a 
quarter  of  a  mile  north  of  the  gage.  The  stream  at  this  section  is 
straight  and  has  a  moderate  velocity.  The  right  bank  has  a  gentle 
slope  and  is  liable  to  overflow.  The  left  bank  is  high  and  rocky.  The 
bed  of  the  stream  is  composed  of  gravel  and  bowlders.  Bench  mark 
No.  1  is  a  wire  nail  driven  in  the  northeast  side  of  a  large  pine  stump 
and  marked  B.  M.  24.40.  The  stump  is  across  the  road  from  the 
west  end  of  the  bridge.  The  elevation  above  the  zero  of  the  gage, 
24.40  feet.  Bench  mark  No.  2  is  the  northwest  bolt  in  the  northwest 
abutment  plate  of  the  bridge.  It  is  marked  B.  M.  19.36.  Its  eleva- 
tion above  the  zero  of  the  gage  is  19.36  feet. 
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Discharge  measurements  of  Bitterroot  River  near  Orantsfiaie,  Mont. 


^so.  <i 


Date. 


1902. 
April  25 

Do... 

July  11. 

August  26 

Do .- 

November  29  ... 


Hydrographer. 


H.  B.  Waters 

...do 

do 

do 

do 

J.  S.  Baker  . . 


beiffht. 


Discharjir- 


2.57    ' 


Sf^xtmi't' 


\       2. 

1 

55    1 

!      :i. 

38   1 

'      1. 

50   j 

1. 

50   1 

1. 

72   j 

2. 4::-; 
24: 


.!«- 


w> 


Daily  ffage  height,  in  feet,  of  Bitterroot  River  near  Grantsdale^  Mont. 


Day. 


ifloe. 


Apr. 


3 


8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

ao 

21 
22 
23 
24 
2|» 
26 
27 
28 
29 
30 
31 


1 

1 

. . ........ .... .... 

1 

..     ..,._........_ . ... .- 

1 

1 

i 

, 

1 

1 

1 

1 

1 

1 

' 

1 

1 

1 

.     .   1 

S.fiO 
2.00 

..        •                      .•     .............. 

2.00 

2.60 

*                                                                                                                    m 

2.50 

2.50 



May.  I  Jnne. 


2.50 
2.60 
2.50 
2.40 
2.40 
2.50 
2.80 
3.30 
4.00 
4.60 
4.80 
5.00 
6.20 
5.80 
6.20 
6.00 
5.40 
4.90 
4.60 
4.10 
a.  00 
3.80 
3.80 
4.00 
4.20 
4.50 
5.50 
6.20 
6.80 
6.20 
6.00 


July. 


Aug. 


5.80 
5.60 
5.00 
4.90 
4.70  I 
4.60  > 
4..W  ! 
4.70  1 
5.50  ; 
6.30  ' 

5.70 ; 

5.40 
5.20  I 
5.00  I 
4.70  I 
4.50  ; 
4.30  i 
4.40  ! 
4.00  I 
4.00  ! 
4.00  I 
4.10  , 
4.50  ' 
4.60 
4.30  , 
4.10  I 
4.00  I 
8.90  I 
3.80  I 
3.70  ! 


3.50 
3.40 
3.70 
3.70 
4.00 
3.80 
3.70 
3.50 
3.80 
3.40 
3.50 
3.00 
3.60 
3.40 
3.30 
3.  a) 
3.20 
3.20 
3.10 
3.00 
3.00 
3.00 
2.90 
2.90 
2.80 
2.80 
2.70 
2.60 
2.60 
2.50 
2.40 


2.30 
2.30 
2.20 
2.20 
2.10 
2.10 
2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.8») 
1.80 
1.70 
1.70 
1.70 
1.60 
1.00 

i.eo 

1.50 
1.50 
1.50 
1.40 
1.40 


Sept.       CX-t.        Nov.       Tk<. 


1.40 
1.30  I 
1.30  1 
1.30  I 
1.20 
1.20  I 
1.10  1 
1.10  \ 
1.10 
1.20  \ 
1.20  , 
1.10  ■ 
1.10  I 
1.10  I 
1.10  I 
1.20 
1.20  I 
1.30  ' 
1.20 
1.80  \ 
1.30  ' 
1.30  ! 
1.30 
1.40 
1~40 
1.40 
1.40 
1.40 
1.40 
1.80 


1. 
1. 
1. 
1. 
1. 
1. 
1, 


40       i.eu  :  •< 

40  ' 1  ^ 

40  I 1.* 

.tO    !.. 1  < 

,50  ' \.'*^ 

,50  1 1  :• 

.30  ! I."*' 

1.64)  j 1  *' 

i.eo  I      i.H>  i.** 

1.60  '        l.«0  i«« 

l.eo\        1. 80  2  <»' 

i.ao  1     i.«o  !.!■« 

1.50  I       l.Tl)  I.a' 

1.40  ]       1.70  I  "^ 

1.40  I        l.TO  !»■ 

1.40  I       1.70  i'»' 

1.40  I       1.70  1  * 

1.50  ,1.70  1  •* 

1.50  I       1.70  1  * 

1.50  I       1.70  i<»' 

1.50  1       1.711  -«>» 

1.00  I        l.n)  *  i.'»» 

1.00  I       2.UI  i.i 

1-60  I       2.10  tH' 

1.60  I       1.60  t\' 

1.50  j       l.ao  i«i 

1.50  I       1.60  '  1  II' 

1.50  I     i.eo  I  1..^' 

1.50         1.70  ;  1 

1.50'       l.TO'  In 

I.eo  ' 1  1  * 

!       """I 
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Rating  table  for  Bitterroot  River  near  Orantadale,  Mont.,  for  190S, 


Gaee 

leitml 


bei^t. 


1.0 


1. 

2 

1. 

4 

1. 

6 

1. 

8 

2. 

0 

o 

2 

Discharge. 

Gage 
height. 

Second-feet  J 

Feet. 

12,5     ' 

2  A 

150     I 

2.6 

205 

2.8 

280    1 

3.0 

395 

8.2 

530 

3.4 

700 

3.6 

Discharge. 
Second-feet. 

900 
1,150 
1,430 
1,745 
2,085 
2,450 
2,850    • 


Gage 
height. 


Feet. 

8.8 

4.0 

4.2 

4.4 

4.6 

4.8 

5.0 

Discharge. 

Gage 
height. 

Feet. 

1 
Second-feet. \ 

3,255     1 

5.2 

3,700 

5.4 

4,140 

5.6 

4, 575 

5.8 

5,005 

6.0 

5,440     1 

6.2 

5,900 

Discharge. 

Second-feet. 

6,380 

6,855 

7, 325 

7,790 

8,340 

8,970 

Estimated  monthly  discharge  of  Bitterroot  River  nexir  Orantsdale,  Mont. 

[Draina-^e  area,  1,550  square  miles  ] 


Month. 


1902. 
April  25-30 
May 
June. 
July 
Angnst 
September 
October  _ . . 
November . 
December . 


Discharge  in  seeond-feet. 


Total  in 
acre-feet. 


12,912 

296, 555 

307, 993 

131,768 

26, 316 

9,937 

14, 879 

21,005 

29, 022 


Rnn-off. 


Second-feet 

per  square 

mile. 


I  Depth  in 
inches. 


0.16 

3.59 

3.73 

1.59 

.32 

.12 

.18 

.26 

.35 


PALOUSE   RIVER  NEAR  HOOPER,    WASH. 

For  some  distance  above  Hooper,  Palonse  River  consists  of  a  suc- 
cession of  <le^p  pools,  from  10' to  15  feet  in  depth,  connected  by  short 
riffles.  Its  valley  is  about  oncThalf  mile  in  width  and  bordered  with 
basaltic  cliffs  approximately  300  feet  in  height. 

The  measurements  of  Palouse  River  are  of  value  in  showing  the 
amount  of  water  that  could  be  utilized  for  irrigation  on  the  lands  of 
Washtucna  Valley,  and  in  the  section  north  of  Pasco.  The  gaging 
station  was  established  April  1,  1897,  by  the  land  department  of  the 
Northern  Pacific  Railroad.  September  9, 1897,  the  Geological  Survey 
took  charge  of  the  station,  placing  the  gage  rod  1  mile  below  the  former 
location  and  opposite  the  water  tank,  and  stretching  a  cable  across  the 
river  for  discharge  measurements.     The  rod  is  inclined,  and  fastened 
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(xn.  A 


to  posts  driven  into  the  right  bank.  The  bench  mark  is  a  point  o! 
rock,  marked  with  red  paint,  on  a  ledge  on  the  left  bank  of  the  river 
opposite  the  gage,  and  its  elevation  is  7.60  feet  above  datum.  Whtr 
the  new  gage  reads  2.1  feet  the  height  on  the  Northern  Pacific  Railrosd 
gage  is  6.1  feet.  The  channel  is  gravelly  and  not  liable  to  cfaangtr. 
The  left  bank  is  high  and  can  not  overflow.  The  right  bank  overflov^ 
at  extreme  high  water.  The  initial  i)oint  for  sounding  is  the  eabk 
post  on  the  left  bank.  The  station  is  about  3  miles  above  the  sMoth 
of  Cow  Creek,  and  2  miles  below  the  head  of  the  ditch  of  the  Palousif 
Irrigation  Company,  carrying  25  second-feet  when  full.  No  measuiv- 
ments  were  made  during  1901,  the  rating  table  for  IIKX)  bein|2^  used  for 
that  year.  The  1902  table  gives  larger  discharges,  and  it  is  probable 
that  the  discharges  as  published  for  1901  are  too  small. 
The  following  discharge  measurements  were  made  during  1902: 

July  10:  Gage  height,  8.80  feet;  discharge,  532  aeccmd-feet. 
Noyember  6:  Gage  height,  0.85  foot;  discharge,  71  second-feet. 

Daily  gage  height,  in  feet^  of  Palotise  River  near  Hooper,  TfoaA. 


Day. 

Jan. 

2.90 
2.25 
2.15 
2.20 
2.25 
2.20 
2.50 
2.90 
3.50 
3.70 
4.00 
3.60 
3.30 
3.10 
3.00 
2.90 
2.80 
2.60 
2.40 
2.20 
2.15 
2.10 
2.10 
2.05 
2.00 
1.90 
1.80 
1.75 
1.70 
1.60 
1.60 

P«b. 

1.60 
1.60 
1.60 
1.50 
1.60 
1.80 
2.10 
2.60 
2.60 
3.80 
4.50 
4.40 
4.75 
4.60 
4.40 
4.70 
5.60 
7.00 

Mar. 

1 

5.80 

2 

5.60 

8 

5.30 

4 

5.05 

5 

4.60 

6 

4.80 

7 

4.20 

8 

4.20 

9 

4.00 

10 

4.80 

11 

4.80 

12 

4.60 

13 

14 

4.8[) 
4.60 

16 

4.40 

16 

4  20 

17 

4.20 

18 

4  10 

39 

7.70  '  4.00 

20 

7.60  <  8.80 

21 

22 

7.00  '  8.70 
6.30  !  3.60 

23 

5.60  !  3.60 

24 

5.30  '  3.60 

25 

5.10     8.60 

26 

5.00  !  3.50 

27 

5.80  1  3.40 

28 

6.00     3.30 

28 

30 

31 

3.10 

'  3.10 

!  «.«> 

Apr. 


3.00 
2.90 
2.90 
3.00 
3.20 
3.40 
3.40 
3.70 
3.80 
4.10 
4.20 
3.80 
8.60 
3.40 
3.80 
3.20 
3.00 
3.00 
3.00 
8.20 
8.80 

9.m 

8.60 
I  3.40 
I  3.80 
!  8.10 
3.00 
2.90 
I  2.80 
I  2.80 


May.  June 


July.  Au^.  Sept.  Oist,    Nor.    Dw 


2.70 

3.20 

1 
1.86  i  1.20 

0.60 

1 

1             t 

,  O.TO  I  0.75 

1  *■ 

2.70 

3.00 

1.35 

1.20 

.00 

1     .TO  {     .80 

\.Q 

2.65 

8.00 

1.80 

1.20 

.00 

1  .75 ;  .« 

:iX 

2.65 

3.00 

1.40 

i.ao 

.00 

.80  .     .85 

a*!' 

2.66 

2.70 

1.60 

1.20 

.00 

1    .m  '    .86 

1* 

a40 

2.00 

1  80 

1.20 

.00 

.80  ;    .« 

H.9 

8.40 

2.40 

4.90 

1.20 

.00 

1   .m  ;  i.w 

S.» 

3.80 

2.40 

480 

1.20 

.00 

1     .75     l.rti 

:i\t> 

8.25  1  2.40 

8.80 

1.20 

.65 

\7S      1.15 

t  * 

8.10  1  2.40 

2.70 

1.15 

.56 

.70  '  i.a» 

h.9 

8.00  1  2.80 

2.60 

1-10 

.55 

.70     2.3) 

:»a' 

8.00    2.10 

2.40 

1.10 

.55 

,     .70     2.01) 

hV* 

2.90 

2.00 

2.20 

1.05 

.55 

1     .70  '  2.ai> 

4.* 

2.80 

1.90 

2.00 

1.06 

.55 

'     .75     2.00 

l.V 

2.75 

1.90 

1.90 

1.00 

.50 

1     .75  •  1.80 

;j.* 

2  60 

1.80 

1.85 

.96 

.60 

1     -75      1.70 

I'V 

2.60 

1.80 

1,85 

.95 

.60 

.75  [  1.60 

i.m 

2.50 

1.80 

1.80 

.90 

.60 

.75  .  I.eo 

ii*' 

2.40 

1.60 

1.80 

.85 

.55 

.75     2.10 

2  V 

2.60 

i.eo 

1.70 

.86 

.M 

.75  '  2.70 

i* 

2.60 

1.60 

1.65 

.80 

.M 

.75  ,  2.06 

2  3' 

8.70 

l.fi0 

1.50 

.75 

.80 

.75      2.45 

i.Sf 

6.90 

1.60 

1.50 

.70 

.56 

.75  1  2.20 

ta 

6.40 

1.60 

1.45 

.70 

.66 

.75  ;  2.10 

i* 

6.80 

1.40 

1.46 

.70 

.00 

.75      l.HO 

i3« 

5.40 

1.40 

1.40 

.70 

.00 

.75      1.W 

i:?i 

4.60 

1.40 

1.40 

.70 

.00 

.80     1.7^1 

<.<!> 

4.(N) 

1.40 

1.40 

.70 

.00 

.85  .  1.70 

4.** 

3.70  1  1.40 

1.40 

.65 

.05 

.HO  !  I. TO 

4li> 

3.40  1  1.40 

1.80 

.65 

.70 

.75  ;  1.00 

31  a< 

:13J)  ' 

1 

1 

1.25 

.66 

.75  ; : 

5            1 

a.:? 
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Hating  table  for  Palouse  River  near  Hooper,  Wcu^, ,  for  190^. 


Dischargee. 


0.6 
.8 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 


Seeondrfeet. 
63 

69 

75 

85 

95 

106 

118 

130 


Oase 
height. 

Discharge. 

Feet. 

Second-feet. 

2.2 

150 

2.4 

175 

2.6 

205 

2.8 

240 

3.0 

280 

8.2 

325 

3.4 

380 

3.6 

455 

Oage 
height. 

Discharge. 

1     QAge 
,  height. 

Diacbtmee. 

Feet, 

Second-feet, 

Feet. 

Second^eet. 

3.8 

535 

6.0 

1,885 

4.0 

625 

6.5 

2,150 

4.2 

725 

,      7.0 

2,465 

4.4 

835 

7.5 

2,780 

4.6 

953 

8.0 

3,095 

4.8 

1,079 

1 

5.0 

1,205 

i 

5.5 

1,520 

1 

Estimated  monthly  discharge  of  Palouse  River  near  Hooper,  Wash, 

[Drainage  area,  2,210  square  miles.] 


Month. 


I9e2. 

January 

February  ._. 

Marcb 

April 

May -- 

June 

July 

Au^Qst   

September  . . 

October 

November... 
E)ecember . . . 


Discharge  in  second-feet. 


Maxlnmni. 


625 
2,906 
1,709 

725 
2,087 

325 
1,142 

a5 

66 

70 

220 

1,520 


Minimum. 


The  year 


2,906 


106 

100 

280 

240 

175 

95 

87 

64 

60 

66 

67 

106 

60 


Mean. 


ToUl  in 
acre-feet. 


Rnn-off. 


216 

1,088 

716 

370 

515 

150 

178 

75 

62 

67 

118 

452 

334 


13,281 

60,424 

44, 025 

22, 076 

31,666 

8,926 

10, 945 

4,612 

3,689 

4,181 

7,081- 

27,792 


Second-feet 
per  sqoare  i 


Depth  in 
inches 


238,698 


mile. 

0.10 

0.12 

.49 

.51 

.32 

.37 

.17 

.19 

.23 

.27 

.07 

.08 

.08 

.09 

.03 

.03 

.03 

.08 

.03 

.08 

.05 

.06 

.20 

.28 

.15 

2.01 

WEISER  RIVER  NEAR  WEISRB,  IDAHO. 

The  drainage  basin  of  this  river  is  mountainous  and  rocky,  in  con- 
trast to  the  well-wooded  areas  of  the  Boise  and  Payette  basins,  and 
the  effect  is  sho'wn  in  the  high  flood  discharges  and  low  summer  flow. 
A  number  of  small  ditches  utilize  considerable  water  from  this  river, 
but  the  principal  canal  is  the  Galloway  canal,  which  irrigates  lands 
north  of  Weiser.  Above  this  canal  is  a  bench  country  susceptible  of 
cultivation  if  water  could  be  brought  to  it.  The  gaging  station,  estab- 
lished December  6, 1894,  is  located  in  the  canyon  of  the  river,  about  10 
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miles  from  Weiser.  The  gage  rod  which  was  set  in  1898  iwas  covert*! 
during  the  process  of  grading  for  the  roadbed  of  the  ne\v^  Pacific  and 
Idaho  Northern  Railroad,  a  line  intended  to  run  from  W^eiser  to  the 
mining  country  in  the  mountainous  district  to  the  north.  The  ne» 
gage,  located  on  October  31, 1899, 100  feet  above  the  old  one,  is  inclined 
and  bolted  to  a  rock  bluff;  1.15  feet  along  the  gage  equals  one  foot  ia 
elevation.  The  bench  mark  consists  of  a  cross  cut  in  the  top  of  xh 
lava  rim  rock  above  the  gage,  and  is  at  an  elevation  of  1 2. 90  feet.  The 
elevation  of  the  zero  of  the  gage  taken  from  the  levels  of  the  railroad 
is  2,191.34  feet  above  sea  level.  Discharge  measurements  are  madi: 
from  a  cable  and  car  about  300  feet  below  the  gage.  Both  banks  ai^ 
high  and  not  liable  to  overflow.  The  bed  of  the  river  is  of  gravel  aod 
not  likely  to  change. 
The  following  discharge  measurements  were  made  during  1902: 

June  26:  Gage  height,  2.20  feet;  dificharge,  871  second-feet. 
July  19:  Gage  height,  1.20  feet;  discharge,  310  second-feet 
August  4:  Gage  height,  0.40  foot;  discharge,  53  second-feet. 
September  18:  Gage  heigfit,  0.30  foot;  discharge,  56  second-feet. 

Daily  gage  height ,  in  feet,  of  Weiser  River  near  Weijter^  Idaho. 


Day. 


1902. 


2. 

3. 

4. 

5. 

6. 

7. 

8- 

9. 
10. 
11. 
12. 
13- 
14. 
15. 
18. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 


28... 
28... 
3D... 
31.. 


....I 


1.20 
1.20 
1.20 
1.35 

i.:;5 

1.4o 
1.65 
1.80 
1.75 
1.70 
l.«5 
1.00 

i..':5 

1.50 
1.45 
1.40 
1.40 
1.35 
1.30 
1.30 
1.25 
1.20 
1.20 
1.20 
1.35 
1.35 
1.45 
1.&5 
1.50 
1.40 
1.30 


Feb. 


1.20 
1.16 
1.10 
1.10 
1.30 

i.eo 

2.00 
2.00 
5.60 
7.40 
7.40 
4.50 
3.80 
3.30 
4.30 
4.30 
4.35 
4.40 
3.90 
3.85 
8.55 
3.30 
3.25 
5.40 
7.30 
7.20 
6.00 
5.90 


4.80 
4.30 
4.00 
8.80 
3.55 
3.40 
3.20 
3.10 
3.10 
8.00 
2.90 
2.80 
2.60 
2.55 
2.50 
2.60 
2.45 
2.40 
2.30 
2.20 
2.20 
2.25 
2.30 
2.30 
2.25 
2.26 
2.20 
2.20 
2.10 
2.00 
2.10 


1.05 
2.00 
2.20 
2.40 
2.60 
2.70 
2.90 
3.60 
3.90 
3.20 
3.00 
3.00 
2.90 
3.00 
3.20 
3.80 
3.45 
3.50 
3.85 
4.20 
4.00 
3.80 
3.80 
3.70 
3.60 
3.60 
8.40 
3.00 
3.00 
3.10 


May. 


3.15 
3.10 
8.00 
2.85 
2.76 
2.80 
2.95 
3.60 
3.65 
4.46 
4.10 
4.16 
4.20 
4.35 
4.90 

4.::5 

4.00 
3.90 
3.50 
3.20 
3.10 
3.20 
3.20 
3.10 
3.20 
3.30 
8.60 
4.10 
4.20 
4.10 
4.00 


June.l  July.' Aug.  Sept 


3.90 
3.80 
3.60 
8.80 
3.20 
3.20 
3.20 
3.30 
3.40 
3.70 
8.60 
3.60 
3.40 
3.80 
3.00 
2.90 
2.80 
2.00 
2.60 
2.60 
2.40 
2.40 
2.30 
2.20 
2.10 
2.10 
2.05 
2.00 
1.90 
1.85 


I  1.80 

'  1.70 

1.60 

1.60 

1.70 

1.90 

2.10 

2.10 

2.00 

1.90 

1.80 

1.7D 

1.66 

1.60 

1.60 

1.40 

1.30 

1.30 

1.20 

1.16 

1.10 

1.00 

.90 

.85 

.80 

.80 

.75 

.70 

.65 

.60 

.55 


1. 


0.50 
.45 
.40 
.40 
.40 
.36 
.35 
.35 
.90 
.90 
.25 
.20 
.20 
.20 
.25 
.40 
.45 
.65 
.60 
.55 
.60 
.60 
.60 
.45 
.40 
.40 
.36 
.80 
.30 
.25 
.25 


Oct.    Nov.    I>ec 


0.25 
.25 
.25 
.25 
.25 
.25 
.80 
.20 
.80 
.25 

.a) 

.25 
.25  , 

.25  > 
.25 

.90  \ 
.30  i 
.90  I 

.90  I 

.35    ; 

.95  I 

-1 

.40  I 
.40  i 
.40  [ 
.45  I 
.50' 

.50 : 

.50  1 
.60 


I 


0  5f> 

cat 

1  5 

.50 

.80 

1.3* 

.50 

.80 

1.5' 

.50 

.80 

13* 

.50 

.Jo 

1.* 

.»> 

.?« 

15 

.55 

.90 

1* 

.55 

1.00 

iiP 

.55 

1.10 

*•' 

.55 

1.10 

2   !*i 

.60 

I.IU 

3..%' 

.GO 

l.K)  . 

:v# 

.eti 

1.10  1 

3.U! 

.90 

1.15 ; 

i!** 

.en 

1.15  1 

•T' 

.60 

1.15  j 

i^ 

.eo 

1.20 

!»•' 

.60 

1.20  ' 

1  »' 

.oo  , 

1-20 

I  *«' 

.60 

1-2D 

1  7" 

.65 

1 

i.a) 

1*1, 

.65; 

1.20 

1.1 

.66  , 

1.20  ; 

1.3- 

.70 

1.20  ! 

].« 

.70 

1.20  ' 

tiV 

.to; 

1.20 

1 

2* 

.75 

1.20, 

.1  (li 

.75  I 

1.20  1 

i* 

.75  1 

1.20  , 

£  ^J 

.80  j 

1.20  ' 

i.y 

.fio  . 

1 

2  *• 

NBTWEI-L,] 
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Bating  table  for  Weiser  River  near  Weiser,  Idaho,  for  1002, 


bei^t 


0.2 

.4 

.6 

.8 

1.0 

1.2 

1.4 

1.6 

1.8 


Discharge.  !  ^^,^ 


Second-feet. 
39 
71 
105 
150 
215 
200 
375 
470 
585 


I! 


Feet. 
2.0 
2.2 

2.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3.6 


Discharge. 

Second-feet 
720 
875 
1,050 
1,235 
1,425 
1,625 
1,840 
2,075 
2,825 


Gage 
beight 

Feet. 
3.8 
4.0 
4.2 
4.4 
4.6 
4.8 
5.0 
5.2 
5.4 


Discharge. 

Gage 
height. 

Second-feet. 

Feet. 

2,585     1 

5.6 

2,855 

5.8 

3,125    1 

6.0 

3,395 

6.2 

3,665 

6.4 

3,935     1 

6.6 

4,205     1 

6.8 

4,475    ' 

7.0 

4,745    1 

7.2 

Discharge. 


Second-feet 
5,015 
5,285 
5,555 
5,825 
6,095 
6,365 
6,635 
6,900 
7, 170 


Estimated  monthly  discharge  of  Weiser  River  near  Weiser,  Idaho, 

[Drainage  area,  1,070  square  miles.] 


Month. 


1902. 

January 

February  .,. 

March 

April   -- 

May 

June  — 

July  --- 

August- 

September  _ 

October 

November . . . 
December .  _ . 


Discharge  in  second-feet. 


Maximum. 


Minimum. 


The  year 


585 

7,340 

3,935 

3, 125 

3, 463 

2,720 

795 

115 

87 

150 

290 

2,075 

V,340 


Mean. 


Total  in 
acre-feet. 


Bun-off. 


Second-feet 

re<] 
ml 


pereauare 
nile. 


290 

250 

720 

685 

1,378 

618 

96 

39 

39 

87 

150 

290 

39 


388 
3,086 
1,456 
1,886 
2, 354 
1,546 
384 
68 
58  i 
110  I 
248  I 
918 


23, 857 

171,388 

89, 526 

112,225 

144,742 

91,993 

23,611 

4,181 

8, 451 

6,764 

14, 757 

56. 446 


Depth  in 
inches. 


1,043    743,941 


0.23 

1.85 

.87 

1.13 

1.41  i 

.93  j 

.23  I 

.04 

*  .03 

.07  I 

.15  ! 


.55 


.02 


0.27 

1.93 

1.00 

1.26 

1.63 

1.04 

.27 

.05 

.03 

.08 

.17 

.63 

8.36 


BOISE   RIVER  NEAR  BOISE,  IDAHO. 

The  station,  established  December  15,  1894,  is  located  about  9  miles 
above  Boise,  Idaho,  at  the  mouth  of  the  canyon.  The  original  gage  was 
in  two  sections:  The  lower  part  is  of  2  b}'^  6  inch  plank,  inclined,  and 
marked  from  1  foot  to  7.5  feet;  the  upper  part  is  a  4  by  4  inch  timber, 
placed  vertically,  and  marked  from  7.5  to  12  feet,  both  portions 
painted  white.  The  bench  mark  for  it  was  a  bridge  spike  driven 
into  a  Cottonwood  tree  20  feet  from  gage  and  20  feet  from  river.     It  is 
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3.4  feet  above  the  8-foot  mark  on  the  gage.     MeasurementH  are  m»^ 
from  a  cable  just  below  the  gage. 

In  the  latter  part  of  July,  1895,  it  was  decided  to  locate  a  secondary 
gage  on  Boise  River  to  obtain  the  slope  of  the  water  surf a<2e.  This  wa> 
placed  425  feet  below  the  old  gage  and  carefully  conneeted  by  meat^ 
of  a  wye  level.  Both  were  referred  to  the  same  datum.  At  that  tiire 
the  lower  end  of  the  old  gage  was  found  to  be  warped  And  wa.s  cur- 
rected.  A  gage  was  also  placed  on  the  lower  BoiBe  in  order  to 
determine  the  wat^r  going  by  at  the  lowest  stage  during  the  irrigaUiMr 
season.  The  meter  can  generally  be  used  by  wading,  but  in  hi^h  wat*rr 
measurements  can  be  made  from  a  wagon  bridge. 

April  18, 1897,  the  river  cut  into  the  right  bank  of  the  station,  oarrj- 
ing  out  the  cable  and  leaving  the  gage  on  a  small  island,  so  that  the 
record  after  that  date  is  unreliable.  A  temporary  gage  was  therefore 
established  May  12  at  the  Broadway  Bridge,  at  Boise,  and  a  recoH 
kept  by  it  until  June  17,  when  a  new  gage,  which  is  now  used,  vras  again 
placed  in  the  canyon  1  mile  above  the  old  location.  The  inclined  rod 
is  firmly  attached  to  a  cottonwood  tree.  The  bench  mark  is  a  20-penny 
spike  in  the  upstream  face  of  the  6  by  8  cable  support,  about  2  feel 
above  the  ground.  Its  elevation  is  15  feet  above  datum.  Tw^o  spikes 
in  same  post  are  14  feet  above  datum.  Discharge  measurements  are 
made  from  a  cable  and  car  50  feet  below  the  gage.  An  auxiliary  cable 
for  flood  measurements  is  placed  117  feet  above  the  main  cable.  Ai 
ordinary  stages  the  channel  is  straight,  both  above  and  below  the  sta- 
tion. The  banks  are  high  and  not  liable  to  overflow.  About  300  feet 
below  the  cable  is  a  gravel  bar,  reducing  the  width  of  the  river  At 
low  water  to  about  one-third  of  the  channel  and  forcing  the  entiit' 
flow  against  the  south  bank.  The  channel  is  liable  to  chauj^e  during 
extreme  high  floods.  During  1900  the  New  York  Canal  Company 
built  a  wing  dam  of  timber  and  loose  rock,  headed  about  150  feet 
below  the  station  and  extending  fix)m  the  north  bank  diag^onallydown 
and  across  the  stream  a  distance  of  about  50  feet,  in  order  to  protect 
the  north  bank  from  erosion.  The  construction  of  this  wing:  dam  did 
not  seem  to  interfere  with  the  flow  of  the  river  at  the  station.  Durinir 
the  year  new  cable  supports  were  set  and  bench  marks  were  carv- 
fully  verified. 

Discharge  nLeamireinents  of  Boise  River  near  Boise,  Idaho. 


Date. 


Hydrograplier. 


1902. 


Jnlyll --|  N.S.Dils 

July 25 -.J do  .. 

August  7 do  _. 

August  13.. do  .- 

Septe!Lber  15 do  ._ 


hS^!L 

1^^ 

1  Dischar^. 

1.80 

1.10 

1,346 

.70 

m 

.60 

Wi 

.33 

61U 

SKWKl-I.,] 
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Ikiily  giige  height,  in  feet,  of  Boise  River  near  Boise,  Idaho. 


Day. 


Jan. .  Feb.  Mar. 


6. 


9. 
10. 
11. 
12. 
13. 
U. 
15. 


Apr.  May.  June. 


lae. 


16.... 
17.... 
18.... 
19.... 

a>.-.. 

21... 
oo 

23.... 
24... 
25... 
26  ... 
27... 
2K-... 
29.... 

art... 

31... 


1.00 

1.20 

1.10 

1.03 

.95 

1.00 

1.00 

1.03 

1.00 

.90 

.70 

.65 

.60 

.70 

.70 

.85 

.a5 

1.00 
.95 
.90 
.85 
.80 
.70 
.60 
.00 
.60 
.00 
.50 
.40 
.60 

1.00 


I 


1.20 
1.30 
1.80 
1.40 

i.ao 

1.30 
1.25 
1.80 
2.00 
2.00 
1.90 
1.80 
1.55 
1.31) 
1.25 
1.20 
l.J«) 
1.40 
1.35 
1.30 
1.20 
1.20 

i.an 

2.70 
2.40 
2.20 
2.10 
1.80 


1.70 
1.60 
1.60 
1.45 
1.40 
1.40 
1.40 
1.40 
1.40 
1.38 
1.38 
1.35 
1.35 
1.30 
1.30 
1.30 

!.;« 

1.3i) 
1.30 
1.30 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.45 
1.40 
1.40 
1.40 
1.40 


1.35 
1.85 
1.98 
2.40 
2.40 
2.40 
3.00 
3.40 
2.80 
2.50 
2.50 
2.55 
2.55 
2.50 
2.60 
3.20 
!  3.40 
4.00 
4.20 
4.40 
4.00 
3.80 
3.60 
3.40 
3.25 
3.30 
3.30 
3.20 
3.10 
3.20 


3.20 

3.10 

2.90 

2.90 

2.90 

3.10 

.3.30 

4.30 

4.60> 

4.40 

4.40 

4.00 

5.00 

.5.00 

4.70 

4.70 

4.60 

4.20 

4.00 

3.85 

3.70 

3.65 

3.60 

3.55 

3.65 

4.00 

4.40 

4.90 

.5.20 

5.10 

5.00 


4.70 

4.30 

4.00 

8.90 

3.86 

3.80 

3.85 

4.15 

4.55 

4.90 

4.80 

4.60 

4.45 

4.20 

3.90 

.3.50  I 

3. 40  j 

3.30 ; 

3.30  I 

3.20 

3. 10  ' 

3.10 

8.10 

3.20 

3.10 

2.90 

2.80 

2.60 

2.55 

2.45 


July.'Aug.  .Sept.  Oct.   Nov. 


2.25 
2.35 
2.30 
2.55 
2.20 
2.10 
2.00 
1.90 
1.90 
1.95 
1.96 
2.00 
2.05 
1.95 
1.90 
1.85 
1.80 
1.70 
1.70 
1.60 
1.50 
1.30 
1.10 
1.10 
1.10 

i.ai 

1.00 
1.00 
1.00 
1.00 
.90 


I 


Rating  table  for  Boise  River  at  Boise,  Idaho,  for  190S. 


Dec. 


0.90 

0.45 

0.45 

1 
0.50 

0.80 

.80 

.45 

.45 

.50 

.80 

.70 

.40 

.42 

.50 

.90 

.70 

.40 

.42 

.50 

.06 

.60 

.35 

.40 

.65 

.80 

.70 

.35 

.40 

.60 

.80 

.70 

.33 

.40 

.70 

.80 

.60 

.80 

.40 

.»2 

.80 

.12 

.30 

.40 

.85 

.90 

.20 

.35 

.40 

.85 

1.20 

.30 

.40 

.40 

.90 

1.22 

.60 

.35 

.40 

.CO 

1.10 

.65 

.30 

.40 

.86 

.86 

.67 

.35 

.40 

.80 

.60 

.68 

.40 

.40 

.70 

.40 

.65 

.35 

.40 

.60 

.40 

.60 

.») 

.40 

.70 

.40 

.00 

.35 

.40 

.80 

.48 

.00 

.40 

.40 

.80 

.90 

.55 

.40 

.40 

.70 

.95 

.55 

.40 

.40 

.65 

.96 

.52 

.40 

.45 

.60 

1.00 

.50 

.40 

.50 

.65 

1.10 

.50 

.40 

.60 

.70 

1.10 

.50 

.40 

.70 

.75 

1.80 

.45 

.40 

.70 

.80 

1.15 

.45 

.40 

.65 

.90 

1.20 

.45 

.40 

.00 

.70 

1.00 

.40 

.40 

.55 

.70 

.90 

.40 

.45 

.50 

.75 

.40 

.42 

.50 

.86 

Gasre 
height. 


Feet, 
0.2 

.4 

.6 

.8 

1.0 

1.2 

1.4 


Discharge. 

Second-feet. 
575 

695 

830 

970 

1,115 

1,270 

1,435 


h?iX  I  ^^^*^- '    bS^t. 


Feet. 
1.6 

1.8 

2.0 

2.2 

2.4 

2.6 

2.8 


!•■ 


Second-feet. 
1,610 

1,800 

2,000 

2,220 

2,460 

2,730 

3, 030 


Feet. 
3.0 
3.2 
3.4 
3.6 
3.8 
4.0 
4.2 


Discharge. 

Second-feet. 
3,365 

3,740 

4, 156 

4,604 

5,052 

5,500 

5,948 


Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

4.4 

6,396 

4.6 

6,844 

4.8 

7,292 

5.0 

1 

7,740 

1      5.2 

1 

1 

8,188 

IRR  85—03- 


-14 
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Estimated  mimthly  discharge  of  Boise  River  fiear  Boitte,  Idaho. 

[Drainage  area,  8,450  aqoare  miles.] 


Month. 


1902. 

January 

February  . . . 

March . 

April 

May .  - . 

June  _ 

July 

August 

September  . . 

October 

November... 
December  . . . 


The  year 


Discharge  in  s>econd-feot. 


I 


Maximum.  >  Minimum.  '    Mean 


- 1 


1,270 
2.880 
1,705  ; 
6,896  I 
8, 188  ! 
7,516  I 
2,662 
1,040 
728 
900 
1,040 
1,270 


8,188 


695  I 

1,270  ; 

1,350  I 

1,392 

3,190 

2,528 

1,040  1 

530  i 

635  i 

695  i 

760 

695 

530 


989 

1,615 

1,433 

3,559 

5, 701 

4,786 

1,721 

798 

682 

735 

907 

1 ,  024 


Rnn-off. 


Total  in 
acre-feet. 


S*«ond-feet   tx__j.w 


60,811 

89, 692 

88,112 

211,775 

350, 541 

284, 787 

105,820 

49,067 

40,582 

45, 193 

53, 970 

62,963 


1,996     1,443,313 


I 


0.40 
.66 

.58 

i.4o ; 

1.95  ' 
.70' 
.33 
.28 
.30 
.37 
.42 

.81 


6* 
1 


li 


«>. 


:Vi 


4: 

11"; 


SEEPAGE  MEASUREMENTS  IN  BOISE  VALLKY. 

A  series  of  measurements  of  the  discharge  of  canals  Uiking  wat^r 
from  Boise  River  between  Boise  and  Caldwell,  Idaho,  i?ras  made  dur- 
ing August  11  to  15,  1902,  by  N.  S.  Dils,  to  determine  the  amount  of 
seepage  water  returning  to  the  river.  These  measurements  \irere  simi- 
lar to  those  ma<le  in  1808, 1899, 1900,  1901,  and  which  are  published  in 
the  reports  for  those  years. 


;kweli„] 
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M ist'cliuuffyus  discharge  measurements  of  Boise  River  and  other  streams  in  Boise 

Valley, 


I>ate. 

\\1K.  1 1 


stream. 


Locality  of  heading  or  place  of  measure- 1     Din- 

ment.  '  charge. 


I 


II   . 

n  I 
11  i 
11  ' 

11 : 

11  ; 

12  I 
12  ' 
12  ' 

12  1 

12* 
1 

13, 

13, 

13  ! 
13  ! 
13  > 
13 
13 
13 
13 
13 
13 
13 
14 
14 

14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
15 
15 
15 
15 
15 
15 
15 


Sel[»ree  canal '  North  side  in  Caldwell  Canyon 

Seibenbei^  Slough do 

Boiso  River. '  Caldwell  bridge 

Riverside  canal I  South  side  in  Caldwell  Canyon 

"Wastoin  Tenmilo  Creek '  South  side  below  Star 

Btrahom  canal '-...-.do 

Boise  Biver !  Star  bridge 

Eureka  canal '  South  side  below  Soldiers*  Home 

PliyUis  canal I do 

Settlers  canal '  South  aide  above  Soldiers*  Home 

I>a  vis  canal I do •. 

McCarty  canal do 

Jacobs  canal I  North  side  above  Soldiers' Home 

Ellis  canal do 

Goodwin  Mill  or  Penault  cranal do 

Boiae'River '  At  regular  gaging  station,  near  Boise 

Now  York  canal '  South  side  at  gaging  station 

Costin  c&nal '  South  side  above  Soldiers'  Home 

Lamburger  &  Ryan do 

Ridenbaugh  canal ' do 

Paynno  canal i do 

Roesi  Logging  canal i do 

Small  ditch , do 


Sec. 


Rossi  waste i do 

Electric  Light  Works  waste do 

Waste  Car  Line  Power  House ■  North  side  above  Soldiers'  Home. 

Farmers'  Union  and  Boise  Valley  j  North  side  at  Soldiers' Home 

canals.  i 

"Waste  ditch North  side  aboveStar 

Waste  in  sand  draw do 

Union  canal do 

Dry  Creek  canal 

Conway  &  Akin,  2  ditches 

Catlin  &  Macey ,  2  ditches 

Davis&  Hart 

Midleton  Mill  Slough 

Midleton  Canal  Cominny  canal .. 


do 

Eagle  Island 

do 

do 

North  side  above  Star. 
do 


Pioneer  canal I do 


I 


Midleton  Water  Company  canal 

Waste  east  of  Midleton 

Waste  from  Willow  Creek 

Sebree  River 

Seibenberg  Slough 

Boise  River 

Riverside  canal 


North  side  below  Star 

do 

do 

At  Caldwell  Canyon,  north  side 

do 

Caldwell  bridge 

At  Caldwell  Canyon,  south  side 


-feet. 

0.0 

.6 

.7 

23.5 

1.0 

18.0 

21.0 

8.5 

15.8 

114.3 

80.8 

108.0 

81.2 

12.1 

91.5 

845.0 

7».5 

3.0 

.8 

433.7 

11.1 

118.0 

l.l 

101.0 

25.0 

39.7 

83.8 

3.6 

1.0 

L5.0 

14.8 

12.0 

6.5 

14.0 

5.4 

8.5 

9.8 

10.4 

3.0 

.1 

16.0 

.4 

1.5 

LO 
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l> 


Summary  of  seepage  vieasurementH  made  on  Boise  Rivi*r^  August  Il-l'*^  I:«>J. 


BoiMe  River  and  New  York  («nal  at  gaging  station 

Diverted  by  canals,  south  side,  between  ga^ng  station  and  Soldiers' 
Home 


Divertf'd  by  canals,  north  side,  Ix^tween  gag:ing  station  and  Soldiers' 
Home 


Return  waste,  south  side,  l)etween  gaging  station  and  Soldiers*  Home. . 
Return  waste,  north  side, between  gaging  station  and  Soldiers'  Home... 

Total  from  gaging  station  to  Soldiers' Home 

Diverted  by  canah<,  south  side,  Ixdween  Soldiers'  Home  and  Star 

Return  waste,  north  side,  between  Soldiers'  Home  and  Star 

Boise  River  at  Star 


Total  from  gaging  station  to  Star 
Gain  from  gaging  station  to  Star. 


Boise  Biver  at  Star 

Diverted  by  canals,  south  side,  between  Star  and  Caldwell  Canyon 
Diverted  by  canals,  north  side,  between  Star  and  Caldwell  Canyon 

Return  waste,  south  side,  between  Star  and  Caldwell  Canyon 

Return  waste,  north  side,  between  Star  and  Caldwell  Canyon 

Diverted  by  canals,  south  side,  at  Caldwell  Canyon 

Diverted  by  canals,  north  side,  at  Caldwell  Canyon 

Boise  River  at  Caldwell 


Total  from  Star  to  Caldwell 
Gain  from  Star  to  Caldwell . 


Total  diverted  on  south  side  of  river  to  Caldwell. . . 
Total  diver tt*d  on  north  side  of  river  to  Caldwell  . . 

Total  waste  on  south  side  of  river  to  Caldwell 

Total  waste  on  north  side  of  river  to  Caldwell 

Boise  River  and  New  York  canal  at  gaging  station 
Boise  River  at  Caldwell 


Total  from  gaging  station  to  ('aldwell 
(iain  from  gaging  station  to  Caldwell. 


Viail>le 
snpply.. 


DireriK. 


OM.S    


1S6.0 
39.7 


21.6 


127.0 

47.4 

ft>4.a 


I 


211.6  I 

I 


ri*. 


I..'»i< 


l..il«.i 


BRUNEAU  RIVER  NEAR  GRANDVIEW,  IDAHO. 

Systematic  measurements  on  this  vlver  have  been  maiutainefi 
immediately  below  the  head  works  of  the  canal  system  of  the  Owyhee 
Land  and  Irrigation  Compan}',  10  miles  east  of  Grandview,  Idaho. 
There  are  two  gages,  one  on  the  north  and  one  on  the  south  side  of 
the  river,  each  at  the  same  elevation.  The  channel  is  straight,  boih 
above  and  l>elow  the  station,  the  banks  high  and  rocky,  and  the  l)ed 
changing  little,  if  any,  tlie  section  being  a  good  one  with  the  exeej^- 
tion  that  the  velocity  is  very  slight  at  low  water. 
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Daily  gage  height,  in  feet,  of  Brunean  River  near  Orandview,  Idaho. 


■ 

Day.                   1 

• 

Jan. 

Feb. 
1.45 

Mar. 

Apr. 

May. 

June. 
3.90 

July. '  Aug. 

1 

2.20  ,  1.50 

Sept. 

Oct. 
1.55 

Nov. 
1.70 

Det\ 

las. 
i_- 

1.C5 

1.75 

1.75 

2.50 

1.25 

1.75 

a 

1.65     1.4o 

1.75 

1.75 

2.50 

3.90 

2.2f)     1.50 

1.25 

1.50 

1.75 

1.80 

3-__ 

1.06 

1.45 

1.75 

1.75     2.50 

3.75 

2.20     1.45 

1.25 

1.50 

1.75 

1.80 

4 

1.&5 
1.70 

1.45 
1.60 

1.75 
1.75 

i.ao 

1.85 

2.46 
2.40 

3.70 
3.55 

2.20     1.45 
2.15  1  1.46 

1.30 
1.30 

1.50 
1.50 

1.75 
1. 75 

1.85 

5 

1.85 

6 

1.70 

1.56 

1.70 

1.90 

2.35 

3.45 

2.15  1  1.45 

1.30 

1.50 

1.75 

1.86 

T 

1.70 

1.60 

1.70 

2.00 

2.a5 

8.r:5 

2.10  1  1.45 

1.30 

1.50 

1.75 

1.90 

8 

1.70 

1.65 

1.75 

2.15 

2.35 

3. 4.) 

2.50     1.40 

1.34 

1.50 

1.75 

1.90 

»-- 

1.70 

1.70 

1.70 

2.70 

2.70 

3.45 

2.0)  1  1.40 

1.30 

1.50 

1.80 

1.90 

lO 

i.a5 

1.65 
1.60 
1.60 

1.70 
1.70 
1.70 
1.65 

i.ro 

1.70 
1.70 
1.70 

2.75 
2.60 
2.30 
2.35 

2.80 
3.55 
3.35 
3.30 

3.50 
3.60 
3.75 
3.65 

1.95     1.35 
1.40     1.35 

1.25  '  i.a5 

1.80  '  1.35 

1.30 
1.30 
1.30 
1.30 

1.5.5 
1.55 
1.50 
1.5i) 

1.80 
1.80 
1.80 
1.80 

1.90 

11 

1.90 

12                 .              

1.95 

13--- - 

1.95 

14 

1.60 

1.65 

1.70 

2.40 

3.35 

3.50 

1.80  1  l.ai 

1.30 

1.50 

1.80 

1.85 

15 

l.iK 

1.70 

1.76 

2.40 

3.45 

3.40 

1.80     1.30 

1.30 

1.56 

1.80 

1.K5 

16 

1.55 

1.70 

1.75 

2.35 

3.40 

3.25 

1.80  j  1.3D 

i.:» 

1.65 

1.80 

1.75 

17--- 

1.55 

1.70 

1.75 

2.40 

3.35 

3.15 

1.80     1.30 

i.a5 

1.55 

1.80 

1.75 

1.60 

1.70 

1.75 

2.65 

8.25 

3.(X) 

1.80    !.:« 

1.40 

1 .  55 

1.85 

1.75 

19 

1.60 

1.70 

1.76 

2.76 

8.20 

2.90 

1.75     1.30 

1.40 

1.55 

1.85 

1.75 

20.. 

1.60 

1.70 

1.70 

3.00 

3.10 

2.90 

1.70 

1.25 

1.45 

1.55 

1.85 

1.76 

21... - 

1.60 

1.70 

1.70 

3.20 

3.00 

2.70 

1.70 

1.25 

1.65 

1.60 

1.85 

1.75 

S2 

1.60 
1.60 

1.70 
1.75 

1.70 
1.75 

3,10 
2.90 

3.00 
2.95 

2.60 
2.65 

1.70 
1.70 

1.25 
1.25 

1.50 
1.55 

1.60 
1.&5 

1.80 
1.80 

1.75 

23 

1.75 

1.60 
1.60 

1.76 
l.«0 

1.75 
1.75 

2.75 
2.60 

2.90 
2.90 

2.55 
2.50 

1.65 
1.60 

1.2> 
1.25 

1.56 
1.55 

1.66 
1.65 

1.80 
1.75 

1.75 

25- 

1.75 

28.- 

1.63 

1.80 

1.75 

2.55 

2,90 

2.45 

1.55 

1.25 

1.65 

1.70 

i.':5 

1.90 

27.-- 

1.50 

1.80 

1.75 

2.50 

3.00 

2.46 

1.60 

1.25 

1.60 

1.70 

1.75 

1.90 

28 

1.45 

1.80 

1.75 

2.55 

3.15 

2.40 

1.50 

1.25 

1.55 

1.70 

1.75 

1.86 

29 - 

1.45 

1.75 

2.50 

3.35 

2.40 

1.50 

1.25 

1.55 

1.70 

r.75 

1.85 

30 - 

1.45 

1.75 

2.50 

3.55 

2.35 

1.60 

1.25 

1.55 

1.70 

1.75 

1.75 

31 

].45 

J.  75 



3.70 

1.5J) 

1.25 

1.70 

1.70 

SNAKE  RIVER  AT  MONTGOMERY  FERRY,  IDAHO. 

Ten  miles  above  the  gaji^in^  station  at  Montgomery  Ferry  occurs  a 
natural  dam  sitCj  from  wliich,  as  a  starting  point,  surveys  for  canal 
lines  have  been  run,  covering  the  lar^e  extent  of  level  country  sus- 
ceptible of  irrigation  on  both  sides  of  the  river.     Measurements  at 
Montgomery  Ferry  show  the  amount  of  water  available  for  irrigation 
purposes  there,  and  also  the  amount  that  could   be  developed  for 
power  purposes  at  Shoshone  Falls,  about  45  miles  below.     The  station, 
established  August  5,  1895,  is  located  at  Montgomery  Ferry,  on  the 
stage    road   from   Minidoka  to  Albion.     The   gage   is   inclined  and 
fastened  to  posts  set  in  the  ground.     The  bench  mark  is  the  head  of 
a  spike  in  the  east  jjost  of  the  tool  house,  1.2  feet  above  the  ground 
and  52  feet  west  of  the  gage.     Its  elevation  is  17.50  feet  above  gage 
datum.     The  letters  *'B.  M."  are  marked  in  black  paint  on  the  post. 
The  river  is  8(X)  feet  wide  at  this  section,  with  a  hard  gravel  bottom 
not  subject  to  change.     When  the  station  was  visited  by  N.  S.  Dils  on 
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October  14,  1899,  a  comparison  was  made  of  the  ga^e  rod  wiih  :) 
bench  mark,  and  it  was  found  that  the  ix)d  ha<l  moved  to  a  ooiisi»3 
able  extent,  due  to  the  action  of  the  quicksand  on  the  inclined  port"' 
of  the  rod.  The  heights  as  recorded  by  the  observer,  as  well  hs  i^r 
discharge  measurements,  were  corrected.  The  rod  is  in<»line<l  fr.»n 
zero  to  G.o  feet,  and  is  vertical  above  this  latter  elevation.  The  lo-a»-; 
portion  is  fastened  at  various  intervals  to  i)osts  driven  into  the^nniiH' 
Gage  readings  were  not  taken  during  19(K). 

The  station  was  reestablished  May  1, 1901,  and  the  ^a^e  rea^l  morn- 
ing and  evening  for  tlie  remainder  of  the  year.  Part  of  the  iiu-Hiif-i 
gage  rod  which  had  been  moved  by  quicksand  was  con-ecte*!  Auiru^' 
9,  1901,  and  all  previous  gage  readings  were  carefulW  a<ljiistod  '" 
correspond  with  the  present  position^  of  the  rod. 

The  following  discharge  measurements  were  made  during  llM)i*: 

September  8:  Gage  height,  1.00  foot;  discharge,  2,333  second-feet. 
October  27:  Gage  height,  2.20  feet;  discharge,  4.229  sefond-feet. 

Daily  gage  height,  in  feet,  of  Snake  River  at  Montgomery  Ferry ^  nettr  Afinvh^h}. 

Idaho, 


Day. 


Jan.   Feb. 


1902. 


2. 
3- 
4. 

6- 
6. 
7. 
8- 
9. 

10. 

11. 

13- 

13. 

14. 

15. 

16. 

17. 

18. 

19- 

30- 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 


I 

3.80  I 

4.20  I 

3.80  I 

3.40  ' 

3.20  ' 

2.90 

2.40 

2.40 

2.40 

2.40 

2.40 

2.40 

2.40 

2.40 

2.30 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.:*) 

2.30 
2.40 
3.00 
3. 10 
3.30 
3.00 
2.70 
2.40 


Mar. ,  Apr. 


2.40 
2.30 
2.30 
2.30 
2.40 
2.55 
2.85 
2.90 
3.60 
3.65 
3.90 
3. 10 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.60 
2.60 
2.80 
2.80 


r-n    ' 


2.80 
2.80 
2.70 
2.70 
2.70 
2.60 
2.50 
2.50  ! 
2.50  ! 
2.50  ! 
2.40  I 
2.40  1 
2.40  I 

2. 40 ; 

2.40 ; 

2.30  i 

2.30 ; 

2.:«  ! 
2.30  i 
2.30  I 
2.20  j 
2.20  , 
2.30  I 
2.30  : 
2.30  j 
2.20  , 

2.20 ; 

2.20 : 

2.20  I 

2.20 

2.10 


2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2.60 
2.0) 
2.50 
2.40 
2.40 
2.30 
2.30 
2.20 
2.40 
2.55 
3.00 
3.JJ5 
3.55 
3.60 
3.50 
3.45 
3.40 
3.30 
3.30 


May. 


3.45 

3.50 

3.60 

3.60 

I  3.60 

j  3.« 

I  3.60 

;  3.50 

I  3.60 

[  3.70 

I  4.00 

;  4.60 

;  5.10 

;  5.50 

I  5.85 

I  6.00 

j  6.45 

,  6.50 

I  6.90 

I  6.90 

6.40 

6.15 

5.85 

5.55 

5.45 

5.^ 

5.30 

5. 40 


6.25 
6.70 


Juue. 

July. 

Aug 

.7.05 

4.90 

1.90 

7.50 

4.75 

1.75 

7.  CO 

4.70 

1.60 

8.00 

4.60 

1.45 

7.60 

4.60 

1.30 

7.15 

4.60 

i.ao 

6.75 

4.70 

1.10 

6.60 

4.70 

1.05 

6.60 

4.55 

1.00 

6.50 

4.35 

.90 

6.65 

4.10 

.90 

7.15 

3.95 

.90 

7.60 

3.75 

.90 

7.90 

3.55 

.90 

7.95 

3.35 

.85 

7.90 

3.3() 

.80 

8.00 

3.20 

.85 

7.65 

3.15 

.90 

7.25 

3.15 

.90 

7.10 

8.15 

.90 

6.a5 

2.95 

.90 

6.50 

2.80 

.90 

Sept. 


Oot,    XoT,    I>?^ 


5.95  I 
!  .5.40  j 
1  5.15  I 
I  ».  lo  I 

5.20  ; 

■  5.20  j 

5.15  I 

4.95  I 


2.65 
2.45 
2.35 
2.25 
2.15 
2.10 
2.10 
2.00 
1.05 


.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 


0.90 

.90 

.9() 

.90 

1.00 

1.00 

.«) 

l.fSO 

1.00 

1.00 

l.W 

1.00 

1.00 

1.10 

1.10 

1.10 

1.20 

1.20 

1.20 

i.a) 

1.40 

1.30 

1.30 

1.40 

1.40 

I  1.60 

;  1.50 

I  1.60 

!  1.70 

1  1.80 


1. 
1. 
1. 
1. 
1. 
1. 


90 
90 

9() 
90 
90 


1 


1.90 


1. 
2. 
2. 


90 
UO 


'  2.00 
I  2.«) 
2.00 
2.O0 
:  2-10 
;  2.10 
'  2.10 
I  2.21) 
I  2.20 
I  2.20 
1  2.20 
I  2.  a) 
1  2,20 
I  2.21) 
1  2.20 
j  2.20 

I  2.a> 

!  2.20 

I  2,30 

2.80 

2,30 


2.*! 

2.40 
2.40 
2.4II 
2.40 
2.40 
2.50 

2.ai 

2.W 
2.60 
2.70 
2.  HO 
2,,'*) 
2.l«) 
2.90 
2.90 
2.90 
,'  2.90 
2.91) 
2.90 

;  2.j« 

I  2.*W 

;  2.80 

I  2.7r» 
J  260 
1  2.50 
;  2.60 
'  2,70 
I  2.75 
I  2,90 


XV 
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SNAKE  RIVER  (NORTH  PORK)  NEAR   ORA,    IDAHO. 

This  Station  was  established  August  20,  1902,  by  N.  S.  Dils.  It  is 
located  at  the  North  Fork  Bridge  2  miles  south  of  Ora  and  10  miles 
above  St.  Anthony,  Idaho.  A  temporary  vertical  gage  was  set  on  the 
lower  side  of  the  first  pier  from  the  north  shore,  at  whicli  point  the 
permanent  gage  will  be  located.  The  observer  is  Mrs.  Martha  J. 
Fi-itz.  The  initial  point  for  soundings  is  a  bolt  through  the  toe  of  the 
cantilever  on  the  north  end  of  the  lower  side  of  the  bridge.  The 
bridge  is  210  feet  from  toe  to  toe  of  cantilever.  It  consists  of  four 
spans  resting  on  three  rock-filled  crib  piers.  Measurements  are  made 
from  the  lower  side  of  this  bridge.  The  channel  is  straight  both 
al>ove  and  below  this  station.  The  banks  are  high  and  do  not  over- 
flow. The  bed  of  the  stream  is  hard  gravel,  quite  smooth,  and  not  lia- 
ble to  change. 

The  following  discharge  measurements  were  made  during  1902: 

Angnst  20:  Gage  height,  2.00  feet;  dist'harge,  1,241  second-feet. 
September  29:  Gage  height,  2.00  feet;  discharge  1,244  second-feet. 

lyaily  gage  height,  in  feet,  of  Stutke  River  {North  Fork)  near  Ora,  Idaho, 


Day.    Aag. 

1 

1  Sept. 

0(^t.  1 

1 

Nov. 

1 

1  Day- 

(  1902. 

1 

1  Ang. 

1 

1 

Sept. 

Oct. 

-! 

Nov. 

Dec. 

1902. 

1 

1 

1 1 

2.00 
2.00 
2.a) 
2.00 

2.00  1 
2.00  1 
2.00 
2.00  ' 

2.10 
2.00 
2.00 
2.00 

1   1** 
1   1.90 

'   1.90 

1.90 

1  IT 

1 

2.00 
2.00 
2.00 
2.00 

2.00  1 
2.00 
2.00  i 
2.00 

2.10 
2.10 
2.00 
1.90 

1.90 

2 1 

18 

1 

1.90 

3 1 

,  19 

1 

1.10 

4 ' 

'  20 

2.00 

2.00 

r, ' 

2.(1) 

2.00 

2.00 

1.90 

'  21 

2.00 

2.00 

2.00  . 

1.90 

2.  a) 

« ' 

2.00 

2.00  ! 

2.00 

1.90 

22 

2.00 

2.00 

2.00  ' 

1.90 

2.00 

7 1 

2.00 

2.00 

2.(X) 

1.00 

23 

2.00 

2.00 

2.00  1 

1.90 

2.00 

8 '■ 

2.00 

2.00 

2.00 

1  ^-^ 

24 

2.00 

2.00 

2.00  ' 

1.90 

2.(M) 

9 ' 

2.  Of) 

2.00 

2.00 

2.00 

1 

26 

2.00 

2.00 

2.00  ! 

1.90 

2.00 

i« ; 

2.m 

2.0t) 

2.00 

2.00  , 

26 

.   2.00 

2.00 

2.  a) 

1.90 

2.00 

11 1 

2.00 

2.(1) 

2.00 

2.  (JO  1 

27 

2.00 

2.00 

2.0(i  1 

1.90 

2.00 

12 ' 

2.00 

2.00 

2.10 

2.00  1 

28 

'   2.00 

2.00 

2.a) 

1.90 

2.00 

13 

1 

2.00 

2.  a) ' 

2.10 

2.00  1 

29 

'   2.(N) 

2.00 

2. 10  J 

1.90 

2.  a) 

14 ; 

l.«0 

2.00  ' 

2.10 

2.00  1 

30 

'   2.00 

2.00 

2. 10  ; 

1.90 

2.00 

15 1 

2.00 

2.00 

2.10 

2.00  ' 

31 

'   2.00 

2. 10  ' 

2.00 

16 J 

2.00 

2.00 

2.10 

2.00  ' 

1 
1 

1 

1 

FALL   RIVER   AT  WILSON  S  MILL,    NEAR  MARYSVILLE,  IDAHO. 

This  station  was  established  August  21,  1902,  by  N.  S.  Dils.  It  is 
located  at  P.  Wilson's  sawmill,  12  miles  southeast  of  Marysville, 
Idaho.  The  gage  is  a  plain  staff  graduated  to  feet  and  tenths  and  is 
firmly  spiked  to  the  lower  side  of  the  first  bent  from  the  south  shore. 
It  is  read  by  P.  Wilson,  the  owner  of  the  mill.  The  initial  point  for 
soundings  is  the  face  of  the  south  abutment  and  measurements  are 
made  from  the  bridge.  The  bridge  rests  on  crib  abutments.  The 
river  is  straight  both  above  and  below  the  station.  The  banks  are 
high  and  not  liable  to  overflow.     The  bed  of  the  river  is  hard  gravel 
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with  occasional  lava  bowlders.     Gteorge  Ilarringfield,  a  local  ei\il 
engineer,  states  that  the  river  in  this  vicinity  has  a  fall  of  from  37^ 
to  39  feet  per  mile.     The  Harringfield  canal  is  being  built  to  diTert 
the  water  from  above  this  station. 
The  following  discharge  measurements  were  made  during  190:i: 

Angnst  21:  Gage  height,  2.00  feet;  discharge,  916  second-feet, 
October  1:  Gage  height,  1.90  feet;  discharge,  857  second-feet. 

Daily  gage  height  ^  in  feet  ^  of  Fall  River  near  Marysrille,  IchMho. 


Day. 

Aug. 

Sept. 

Oct. 

Nov. 

1908. 
1 

i.go 

1.90 
1.90 
1.00 
2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
l.CO 
1.90 
1.90 
1.90 
1.90 
1.90 

1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
].90 
1.90 
1.90 
1.90 
1.1» 
1.80 

1.80 

2....... 

1.80 

3 

1.8i 

4 

1.80 

6 

1.80 

6 

1.80 

7 

l.HO 

8 

l.HO 

9 

1.80 

10 

l.rt) 

11 

1.80 

12 

1.80 

13 

1.80 

U 

1.80 

15 

1.80 

16 

1.80 

Dec. 


Day. 


1902. 


1.80 
1.80 
1.80 
l.'O 
l.W) 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 


17 
18 
19 
80 
81 
28 
23 
24 
25 
26 
27 
28 
29 

:« 

31 


Auk. 


2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 


Sept. 


1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 


Oct. 


1.80 

1.80 

1.80 

1.80 

1.80  i 

1.80  j 

1.80  { 

1.8(» 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80  , 


.Hi 
.W 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 

.m 

.80 
.80 
.80 


Nov.       Dei-. 


!  't 
1  * 
1.* 
1  * 
1* 
1* 
l.s. 

l* 
IS. 

1  * 
1  '^' 
I* 

1  *« 


I 


Miscellaneous  measurements  in  Columbia  River  drainage  Inutin. 


Date. 


1902. 

June  10 
11 

Aug.  7 
13 
15 
25 

27 
Sept.  1 

25 
Nov.  28 


Hydrogra- 
pber. 


iN.S.Dlls 

....do.... 

do.... 

do.... 

do.... 


do 
-do 


do 

J.  S.  Baker 


Stream. 


Locality. 


f  All  of  the  springs  flowing  1 
\    into  Snake  River.  : 

New  York  canal j 

do I. 

do 1 

Snake  River ' 


Between  Sboebone  Falls  and  tlie 
CedarH. 

Near  Boise  gaging  station 

do ; 

do 


Blue  Lakes  Ci*eek 
Snake  River 


Black  Springs  Creek 
BlgBlackfoot 


1  mile  above  moutb  of  Blaokfoot 
River. 

At  Blue  Lakes,  Idabo 


Between  Sboehone  Falls  and  TSvin 
Folia. 

Near  Ora  gaging  station 

Bonner 


Dfe- 
chargf^. 


m 

46 

m 

Dry 
Pry 

80 

9 

4M 


PUGET  SOlT]S^I>  I^RAINAGE  BASIN. 


For  convenience  in  arrangement  the  smaller  rivers  which  have  their 
headwaters  on  the  west^irn  slope  of  the  Cascade  Range  and  which  flow 
into  Puget  Sound  north  of  Seattle  have  been  grouped  as  the  Puget 
Sound  drainage.     Of  these  White  River  has  its  source  near  Mount 
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Rainier  and  flows  into  Puget  Sound  near  Seattle,  Wash.  Cedar 
River  is  a  tributary  of  White  River.  Snoqualmie  and  Skykoniish 
rivers  unite  to  form  the  Snohomish,  which  flows  into  the  Sound 
about  10  miles  beyond  the  junction  near  Everett,  Wash.  The  Stil- 
laquamish  lies  north  of  the  Skykomish  and  has  a  parallel  course. 
The  following  list  includes  the  stations  in  the  Puget  Sound  drainage 
basin: 

White  River  at  Buckley,  Wash. 

Cedar  River  near  Maple  Valley,  Wash. 

Cedar  River  at  Cedar  Lake,  near  Northbend,  Wash. 

Snoqualmie  River  above  Snoqualmie  Falls,  near  Snoqnalmie,  Wash. 

Skykomish  River  (sonth  fork)  near  Index,  Wash. 

Stilagnamish  River  near  Robe,  Wash. 

WHITE  RIVER  AT  BUCKLKY,  WASH. 

In  order  to  determine  the  amount  of  power  that  could  be  developed 
on  White  River,  a  station  was  established  by  Sydney  Arnold,  April 
22, 1890,  at  the  new  highway  bridge,  500  feet  above  the  Northern  Pacific 
Railway  bridge,  and  one-half  mile  north  of  the  town  of  Buckley,  Wash. 
The  location  is  in  sec.  34,  T.  20  N.,  R.  6E.  of  the  Willamette  meridian. 
The  rod  of  the  wire  gage  is  fastened  to  the  guard  rail  of  the  highway 
bridge.  The  length  of  the  wire  rope  is  20  feet.  The  elevation  of  the 
top  of  the  guard  rail  at  the  pulley  is  19.56  feet  above  gage  datum.  The 
bridge  is  a  clear  span  of  180  feet,  crossing  the  river  a  trifle  obliquely. 
The  channel  is  straight  for  some  distance  above  and  below  the  bridge, 
but  the  section  is  not  a  very  good  one,  owing  to  the  sudden  fall  a  short 
distance  below.  About  300  feet  above  the  bridge  is  a  good  section, 
w^ith  fine  gravel  bottom  in  calmer  water,  but  in  order  to  utilize  it  it 
would  be  necessary  to  install  a  cable.  An  examination  of  the  river 
channel  for  some  distance  above  and  below  this  point  was  made,  but 
the  present  location  is  about  the  only  one  available  for  accurate  results. 

No  measurements  of  discharge  were  made  at  this  station  during  li)02. 
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Daily  gage  height,  in  feet,  of  White  River  at  Buckley^  TlVi*/*. 
I  Jan.    Feb.  Mar 


1 


Day. 


1 

1802. 

1.15 

2 

1.20 

3 

4  . 

1.35 
2.53 

5 

2. 25 

6 

7 

3.30 
3. 35 

g 

3. 70 

9.   .  . 

2. 85 

10 

2.35 

11.   ... 

2.10 

12      -. 

1.80 

13.       . 

l.fV) 

14 

1.50 

15 

1.45 

16 

17 

l.PJi 
1.25 

18 

19 

1.15 
1.15 

20 

.. .. . ...... ...... 

.- 

1.10 

21 



1.05 

28 

1  00 

23 

.90 

24 

.H5 

25 

.65 

26 

.90 

27 

.80 

28 

80 

29 

30 

31 

.90 
.90 
.90 

i 


0.85 

.86  I 

.80  I 

.75' 

.70 

.70 

.70 

.75 

.85 

.85 

.80 

.75 

.70 

.70 

1.30 

2.80 

2.60 

2.15 

1.80 

1.65 

1.60 

1.50 

1.40 

1.40 

1.35 

1.30 

1.20 

1.20 


1.15 

1.15 

1.10 

1.10 

1. 15 

1.15 

1. 15 

1.20 

1.20 

1.20 

1.40 

1.35 

1.30 

1.20 

1.16 

1.10 

1.16 

1.10 

1.10 

1.10 

1.05 

1.00 

1.00 

.95 

.95 

.95 

.90 

.90 

.90 

.85 

.85 


Apr. 


0.80 
.80 
.95 
1.10 
1.10 
1.60 
1.5i) 
1.40 
1.25 
1.15 
1.15 
1.15 
1.10 
1.10 
1.05 
1.15 
1.40 
1.80 
2.15 
1.90 
1.60 
1.55 
1.50 
1.40 
1.35 
1..% 
I.a5 
1.35 
1.30 
1.90 


May.  June.' July. 


1.30 
1.30 
1.65 
l.GO 
1.55 
1.70 
2.a". 
2. 15 
2.15 
2.55 
2.65 
2.40 
2.15 
2.15 
2.20 
2.20 
2.35 
2.15 
2.00 
1.90 
1.80 
1.80 
l.«> 
1.95 
2.05 
2.40 
3.00 
3.10 
2.75 
2.40 
2.16 


1.95 
l.M) 

1.  <9 

1.70 
1.60 
1.60 
1.60 
1.80 
2.15 
2.16 
2.10 
2.05 
2.00 
2.00 
1.15 
1.80 
1.70 
1.70 
1.80 

i.as 

2.15 
2.20 
2.a5 
2.60 
2.60 
2.a5 
2.15 
1.95 
1.85 
1.96 


1.95 
2.10 
1.90 
2.15 
2.15 
1.C5 
1.80 
1.75 
1.70 
1.80 
1.90 
1.80 
1.70 
1.70 
1.-80 
1.90 
1.75 
1.65 
1.65 
1.80 
1.95 
1.85 
1.70 
1.60 
1.60 
1.60 
1.50 
1.45 
1.35 
1.80 
1.50 


Aoff.  iSept 


Oi?t.     Nov.   iw.. 


1.40 

1.35 

1.80 

1.20 

1.25 

1.30 

1.45 

1.45 

1.35 

1.20 

1.20 

1.15 

1.10 

1.10 

1.10 

1.10 

1.06 

.95 

.95 

1.00 

1.10 

1.10 

1.06 

1.00 

.90 

.90 

.90 

.86 

.80 

.75 

.80 


0.85 
.90 

1.00 
.96 
.80 
.90 

1.00 
.90 
.85 

.  if*    I 

.75  I 

.70  j 
.70  I 
.70 
.70 
.fSS 
.85 
.65 
.85 
.60 
.50 
.50 
.45 
.80 
.75 
.90 
1.80 
.95 

.ao 

.90 


0,711 


\ 


eo 
eti 

55 
.56 

.60 

.a) 
.to 
..v> 

.60 

,m 

.65 
.65 
1.05 
.80 
.65 
.05 
.60 
.00 

■«! 

.65  1 

.%  1 
.50  ] 
.50  I 
.50  i 
.75  i 
.60  I 
.77»  ' 
.75 


0.65 
1.15 
1.4^ 
1-U 
1-05 

1.3J 
2. 73 
S-13 

i.»o 

65 

•fO 


1. 
1. 
1. 

i.ao 

1.55 
l.TO 
1.85 
1.65 
1.40 
1.25 
1.3f> 

i.a> 

1.50 
1.30 
l.vO 

i.ai» 

1.20 
1.15 
1.7X 


1 


43 
^> 
i«s 
t%i 
id- 
L* 
l.»0 
il- 

l.*« 

1.63 

l.«S 

\.% 

1* 

13' 

L5 

1  3' 

1.13 

1  ¥i 

111' 

Mfi 

am 

♦.»' 

2.15 
1  »> 
1.9' 


CEDAR  RIVER  NEAR  MAPLE   VALLEY,    WASH. 

This  station  is  located  at  the  intake  of  the  Seattle  waterworks  and 
is  15  miles  below  Cedar  Lake,  4  miles  from  the  Northern  Pacific  Hail- 
way  at  Ravensdale,  and  6  miles  from  the  Columbia  and  Puget  Sound 
Railway  at  Maple  Valley.  The  station  was  established  September  :^7, 
1902,  by  T.  A.  Noble.  The  gage  is  a  plain  staff  graduated  to  feet  and 
hundredths,  to  which  is  attached  a  hook  gage  and  vernier  reading  to 
thousandths.  When  this  gage  reads  zero  the  hook  is  level  with  the 
crest  of  the  dam.  It  is  fastened  securely  to  the  head  gates  above  the 
dam,  and  is  read  daily  by  George  Landsburg.  The  bench  mark  is  the 
crest  of  the  dam.  The  elevation,  from  city  levels,  of  the  south  end  is 
535.831  feet  and  of  the  north  end  535.840  feet.  The  gagings  at  this 
station  are  made  at  two  points.  The  first  is  142  feet  below  the  dam 
where  the  cross  section  is  small,  the  current  rapid  and  suitable  for 
gaging  the  stream  at  stages  below  1  foot  on  the  gage.  The  measure- 
ments at  this  point  are  made  from  a  cable.  The  initial  point  for 
soundings  is  on  the  right  bank;  the  channel  is  straight;  the  right  bank 
is  steep;  the  left  bank  has  a  sloping  gravelly  beach;  and  the  bed  of 
+he  stream  is  rocky.     At  all  stages  of  the  river  above  1  foot  on  the 
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gttge  the  measurements  are  made  from  a  cable  located  600  feet  above 
tlie  dam,  where  the  cross  section  is  lai*ge  and  suitable  for  gaging  the 
higher  stages  of  the  river.  The  initial  point  for  soundings  is  a  spike 
driven  into  the  top  of  a  hemlock  stump  about  12  inches  in  diameter 
near  the  water.  The  right  bank  is  a  sloping  sandy  beach;  the  left 
T>ank:  is  steep  and  of  hardpan  formation.  The  bed  is  permanent — 
rocky  near  the  right  bank  and  sand  and  gravel  near  the  left  bank. 

To  the  discharge  measurements  made  below  the  dam  should  be 
added  the  amount  of  wat^r  flowing  into  the  gravity  system  which  sup- 
plies the  city  of  Seattle.  This  varies  from  .'34  to  »37  second-feet.  The 
discharge  of  this  pipe  line  was  measured  during  the  winter  of  1901-2, 
by  T.  A.  Noble,  and  the  results  have  been  published  in  Volume  XLIX, 
page  112,  Transactions  of  the  American  Society  of  Civil  Engineers. 

During  1902  the  following*  discharge  measurements  were  made  by 

T.  A.  Noble. 

September  28:  Gage  height,  0.88  feet:  discharge,  435  second-feet. 
October  22:  Gage  height,  0.38  feet;  discharge,  124  second-feet 
November  23:  Gage  height,  1.81  feet;  discharge,  755  second-feet. 
December  25:  Gage  height,  1.74  feet;  discharge,  1,043  second-feet. 
December  26:  Gkige  height,  2.04  feet;  discharge,  1,399  second-feet. 

Daily  gage  height,  in  feet,  of  Cedar  River  near  Maple  Valley,  Wash. 


Day. 


1902. 


■t 

1.53 

•> 

1.49 

3      

1.45 

4       

1.90 

5 

6 

1     ..._ ........ .... 

1.99 
2.3G 
2.53 

8   

2.86 

9     

2.61 

10 

2.34 

11       

2.11 

12      

1.90 

1.3 

14 

15 - 

1«     

1.78 
1.&5 

\.m 

1.40 

17      

1.36 

18     

v^ 

19 

a)    

1.23 
1.11 

21 

22      

2.07 
2.  OB 

2» 

.99 

24 

.97 

25       

.97 

26 

.97 

27 

.97 

28 

.95 

29 

.95 

•.w . 

30 

.95 

31 

.90 

0.92 

.92 

.90 

.90 

.90 

.^ 

.ft5 

.  HH 

1.05 

1.01 

.97 

.97 

.97 

.92 

.91 

1.3J) 

1.64 

1.H6 

1.80 

1.60 

1.55 

1.51 

1.4.3 

. .:;» 

1.30 

1.30 

i.:« 

1.35 


Mar. 


1.35 
1.18 
1.18 
1.22 
1.30 
1.32 
1.99 
1.39 
1.47 
1.55 
1.68 
1.68 
1.5) 
1.43 
1.35 
l.;i5 
1.30 
1.26 
1.22 
1.22 
1.22 
1.26 
1.28 
1.24 
1.22 
1.18 
1.14 
1.14 
1.09 
l.Ck') 
1.18 


Apr. 


1.01 
1.05 
1.05 
1.05 
1.05 
1.05 
1.07 
1.24 
1.30 
1.30 
1.26 
1.22 
1.18 
1.05 
1.01 
.99 
1.05 
1.S9 
1.47 
1.65 
1.55 
1.58 
1.51 
1.47 
1.4;i 
1.39 
1.35 
1.30 

l.:« 

1.35 


May.  June 


1.82 
1.39 
1.68 
1.80 
1.76 
1.72 
1.80 
1.88 
1.98 
l.«i 
1.98 
1.88 
1.84 
1.80 
1.84 
1.82 
1.97 
2.05 
2.01 
1.89 
1.87 
1.84 
1.76 
1.80 
1.72 
1.68 
1.66 
1.80 
1.8S 
1.80 
1.72 


1.56 
1.55 
1.51 
1.47 
1.39 
1.35 
1.35 
1.32 
1.41 
1.41 
1.41 
1.39 

l.:« 

1.30 
1.22 
1.18 
1.18 
1.16 
1.14 
1.09 
1.14 
1.09 
1.14 
1.12 
1.12 
1.09 
1.09 
1.09 
1.(5 
1.12 


1.05 

1.12 

1.14 

1.30 

1.55 

1.64 

1.68 

1.54 

1.53 

1.47 

1.39 

1.30 

1.28 

1.14 

1.05 

1.09 

l.tt") 

1.01 

.99 

.97 

.98 

.91 

.89 

.85 

.80 

.80 

.76 

.74 

.74 

.72 

.70 


Aug.  Sept 


Oct.  I  Nov. 


Dec. 


0.68 
.68 
.68 
.66 
.64 
.62 
.60 
.60 
.68 
.58 
.58 
.55 
.55 
.53 
..58 

.5:^ 

.00 
.58 
.55 
.5:> 
.55 
.53 
.53 
.53 
.51 
.51 
.49 
.49 
.47 
.47 
.47 


0.47 
.53 
.53 
.53 
.63 
.51 
.51 
.61 
.51 
.49 
.49 
.47 
.46  1 
.46  1 
.43 
.41 
.39 
.37 
.47 
.35 

.3:^ 

.33 


0.70 
.66 
.62 
..58 
.55 
.52 
.51 
.52 
.50 
.48 
.47 
.46 
.  36 
.36 
.35 
.36 
.35 
.¥) 
.39 
.35 
.35 
.38 


.Si 

.&5 

.33 

.62 

.28 

.56 

.28 

.52 

1.01 

.48 

.88 

.5:^ 

.80 

.5:1 

.70 

.53 

.61 

0.68 

.70 

1.12 

1.22 

1.19 

1.10 

1.11 

1.60 

1.90 

I  1.83 

I  1.79 

I  1.83 

'  1.72 

'  1.55 

I  1.4:^ 

'  1.42 

j  1.68 

1.K5 

1.85 

'  1.69 

1.64 

1.42 

1.34 

1.36 

1.32 

1.28 

1.25 

1.24 

1.23 

1.36 


3.28 
3.08 
2.54 
2.40 
2.30 
1.85 
1.67 
1.47 
1.91 
1.83 
1.71 
1.68 
1.56 
1.45 
1.37 
1.27 
1.22 
1.15 
1.61 
1.00 
1.49 
1.73 
1.30 
1.36 
1.66 
2.03 
1.92 
1.75 
1.09 
1.78 
1.9(3 
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CEDAR  RIVER  AT  CEDAR  LAKE,   NEAR  NORTHBEND,  WASH. 

This  station  was  established  October  17,  1902,  by  T.  A.  Noble,  Ii 
is  located  9  miles  southeast  of  Northbend,  Wash.  The  ^B>get  is  a  plaiE 
staff  graduated  to  feet  and  tenths.  A  hook  and  vernier  are  used  fee 
reading  to  hundredths.  It  is  securely  nailed  to  a  large  cedar  stump. 
The  bench  mark  is  located  on  the  stump  which  holds  the  gage.  Il^ 
elevation  is  1,542.07  feet  above  the  datum  of  the  city  of  Seattle, Wash 
The  initial  point  for  soundings  is  a  nail  driven  into  the  root  of  a  hem- 
lock stump  on  the  right  bank.  The  gagings  are  made  from  a  cable. 
The  channel  is  straight  both  above  and  below  the  station.  The  rigb: 
bank  is  steep,  high,  and  never  overflows;  the  left  bank  is  steep  ami 
overflows  at  extreme  high  water.  The  bed  of  the  stream  is  rockr 
near  the  left  bank,  and  of  gravel  and  sand  at  the  right  bank.  Under- 
lying the  bed  is  a  formation  of  very  compact  hardpan,  Tvhich  shows 
no  sign  of  washing  away.  This  formation  also  underlies  the  river  up 
to  and  including  the  lower  portion  of  Cedar  Lake,  which  is  about  >«■" 
feet  upstream  from  the  gaging  station.  Cedar  Lake  contains  about 
1,2(K)  acres  at  low  water. 

During  1902  the  following  discharge  measurements  were  made  by 
T.  A.  Noble : 

October  17:  Gage  height,  2.21  feet;  discharge,  245  second-feet. 
October  18:  Gkige  height,  1.70  feet;  discharge,  112  second-feet. 
October  18:  Gage  height,  2.17  feet;  discharge,  217  second-feet. 
October  19:  Gage  height,  1.13  feet;  discharge,  34  second-feet. 
October  19:  Gage  height,  1.49  feet;  discharge.  89  second-feet. 

Daily  gage  height,  in  feet,  of  Cedar  River  at  Cedar  Lake^  ^Vashingtcm. 


Day. 


1«)2. 


1. 
2 
3. 
4. 


6. 

i    . 

ft. 

9. 
10. 
11. 


Oct. 


Nov. 


2.04 

2.:» 

3.01 
3.12 
2.J»8 
2.91 
3.00 
4.14 
4.94 
4.57 
4.50 


Dec. 


8.66 
7.«) 
0.35 
5.58 
4.94 
4.31 
3.90 
3.82 
4.00 
4.02 
3.95 


Day. 


12. 

13... 

14... 

15.. 

16.. 

17.. 

18.. 

19.. 

20.. 

21.- 

22.. 


1902. 


Oct. 


Nov.   Dec. 


2.21 
2.18 
1.49 


2.40 


4.61  , 

4.30 ; 

3.87 
3.  .56  ! 
3.60  I 
4.00  1 
4.57  ! 
4.44  I 
4,03 
3.67 
8.41 


8.53 
3.35 
3.24 
2.95 
2.81 
2. 68 
2.50 
2.49 

2.37 
2.87 


Day.         ;  Oct. 

) 

1902. 
23 15. 16 

24 1  2.110 

26 [  l.ST 

28 1.75 

27 ;  I.«7 

28 1.73 

29 1  1.71» 

30.. i  1.7» 

31 ;  1.96 

I 
1 

I 


'Nov.   De. 

I 

I  a:s 
I  asi 
'  a  14 

\  3.04 

I  am 
j  aoe 
,  a  53 


444 

4'V 

4.> 


SNOQUALMIE  RIVER  ABOVE  SNOQUALMIE  FALLS,  WASH. 

This  Station  was  originally  established  by  T.  A.  Noble  on  Septeoiber 
14, 1902.  The  gage  wfis  then  located  below  the  falls,  but  was  destroyed 
by  the  flood  of  December  1,  1902.  On  November  2  another  gage  was 
placed  about  3  miles  above  Snoqualmie  Falls  post-office.  The  gajre 
consisted  of  a  plain  staff  graduated  to  feet  and  tenths  and  reading  to 
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hundredths  of  a  foot  by  means  of  a  hook  and  vernier.    The  elevation 
of  the  zero  on  the  gage  was  assumed  to  be  100  feet.     The  gage  was 
fastened  to  an  alder  tree.     January  3, 1903,  this  gage  was  washed  out 
and  on  January  7  was  replaced  by  a  gage  in  two  parts,  7  and  8  feet 
long,  respectively.    The  elevation  of  the  zero  of  the  gage  is  100.06  feet. 
The  bench  mark  is  on  a  large  maple  stump  on  the  right  bank.    It  con- 
sists of  a  spike  driven  into  the  stump  about  4  feet  from  the  ground. 
This  is  also  the  initial  point  for  the  soundings.     The  right  bank  is 
high  and  never  overflows;  the  left  bank  overflows  at  extreme  high 
water.     The  bed  of  the  stream  is  of  gravel  and  sand  and  is  not  liable 
to  shift.     The  station  is  located  below  the  junction  of  the  North, 
South,  and  Middle  forks  of  Snoc^ualmie  River.     At  Snoqualmie  Falls, 
about  4  miles  below  this  station,  the  river  flows  over  a  precipice  268 
feet  high.    Above  the  falls  the  Snoqualmie  Falls  Power  Company  has 
built  a  dam  and  water  power  plant.     The  slack  water  from  this  dam 
reaches  back  from  the  falls  about  3  miles  and  probably  affects  the  flow 
of  the  river  slightly  at  the  gaging  station.     This  is  the  only  possible 
location  for  a  gaging  station  which  will  include  all  three  forks  of  the 
river. 

During  1902  the  following  discharge  measurements  were  made  by 
T.  A.  Noble: 

«  September  20:  Gage  height,  1.15  feet;  discharge,  727  second-feet. 
"October  14:  Gage  height,  1.04  feet;  discharge,  641  second-feet. 
&  November  3:  Gage  height,  5.04  feet;  discharge,  3,231  second-feet. 
&  December  14:  Gage  height,  3.37  feet;  discharge,  1,888  second-feet. 
&  December  17:  Gage  height,  2.76  feet;  discharge,  1,384  second-feet. 


Daily  gage  height j  in  feet,  of  Stioqualmie  River  below  Snoqualmie  Falls,  WasJi- 

ington. 


Day.      Sept.  Oct. 

1 

1 
Nov. 

1 

1 

1 
Dec.  1 

1 

1 
Day. 



1902. 

Sept. 

Oct. 

Nov. 

Dec. 

1 
Day. 

Sept. 

Oct. 

Nov. 

Dec. 

mis.   ,        1 

1902. 

1                           1.80     2.46  i 

(<■)    1 

12 

1.15 

3.70 

(<•) 

23 

0.97 

1.19 

2.60 

in 

2                      J  1.60  1  4.02  ' 

^  ■'    1 

13 

1.10 
.99 

3.15 
2.73 

24 

25 

1.05 
1.39 

1.08 
1.04 

3.13 
2.70 

3 1.47  1  3.50  ! 

14 

0.95 

4 ' 1  1.46     3.00  ' 

15 

.93    1.09 

1 

2.60 

26 

1.50 

1.00 

2.63 

6 ' 1  1.36     2.50  1 

1 

16 

.92     1.25 

4.17 

l27 

3.80 

.93 

2.65 

6 ' 1.25     2.30  1 

17 

.92  '  1.29 

4.25 

,28 

2.60 

1.62 

2.64 

7 ' 1  1.22     2^23  1 

18 

.90     1.20 

3.85 

29 

2.05 

1.70 

2.46 

8 '  1.30 

5.'b5 

19 

1.50  1  1.10 

3.13 

30 

2.02 

2.41 

6.53 

9 i  1.30 

3.55 
3.30 

1 

20 

21 

1.19     1.10 
1.06     1.08 

2.73 
2.47 

'31 

2.75 

10 k.23 

11 1.25 

1           1 

4.55  , 

22 

1.00  '  1.18 

1 

2.73 



1 

emovi 

)dabo 

aBelow  thefaUa 

''Above 

the  falls 

c  Gage  washed  < 

[>ut.    Station  r 

ve  falls. 
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Daily  gage  height ,  in  feet,  of  Snoqualmie  River  above  SnoqucUntic  Falls^  Wn.^.- 

ington. 


Day. 


Nov. 


idoe. 
1 

1 

1 
1 

2 

3 

'      5.23 

4 

'      4.21 

6 

1      3.19 

6 

3.a» 

7 

3.87 

8 

'      6.26 

9 

4.94 

10 

5.38 

11 

6.19 

Dec. 


15.00  I 

5.64  ' 

6.46  < 
5.80  I 

4.47  I 
3.93  I 
3.72  I 
7.30  ! 
5.24  I 
4.34  ! 


I  12 
18 
14 

;i5 

;  16 

\  17 

;i8 

I  19 
I  20 
121 

:  22 


Day. 

Nov. 

Dec. 

1902. 

5.99 
4.72 
3.94 
8.46 
4.69 
5.63 
6.20 
4.88 
4.06 
3.50 
3.73 

3.84 

3.80 

3.47 

3.20 

2.96 

2.81 

2.66 

2.50 

2.80 

2.90 

3.01 

23 
24 
25 
26 

,1  27 

'I  28 

il 

,j29 

■j  ao 

!t  31 


Day. 


1902. 


'    Nov. 


a23  \ 
3.46 

act* 
a  19 
aciH 
ano ' 
ass ! 


IV 


5  !■ 


i"? 


SKYKOMISH  RIVER   (SOUTH  FORK)   NEAR  INDEX,  WASH. 

This  station  was  established  October  6,  1902,  by  T.  A.  Noble.  l\ 
is  located  about  2  miles  above  Index  and  about  300  feet  f rota  the  rail- 
road track.  The  gage  is  a  plain  staff  graduated  to  feet  and  t«ntli& 
A  hook  and  vernier  are  used  for  reading  to  hundredths  of  a  foot. 
Readings  are  made  dailj'  by  Louis  G.  Heybrook.  The  gra^e  is  fa>- 
tened  by  means  of  plugs  driven  in  drill  holes  in  the  solid  rock.  The 
bench  mark  is  a  cross  cut  in  the  rock  about  6  feet  abov^e  low  water 
and  40  feet  downstream  from  the  gage.  Its  elevation  as  obtained 
from  the  Great  Northern  Railway  is  679.158  feet-  The  elevation  of 
the  zero  of  the  gage  is  669.926  feet.  The  initial  point  for  sounding  is 
on  the  left  bank  at  a  plug  driven  in  the  solid  rock  10  feet  from  the 
edge  of  stream  at  low  water.  The  gagings  are  made  from  a  cable. 
The  channel  is  straight,  both  above  and  below  the  station.  Both 
banks  are  of  solid  rock.  The  bed  of  the  stream  is  of  sand  and  gravel, 
not  liable  to  change  except  near  the  left  bank,  where  the  sand  shifi? 
at  high  water.  This  does  not  cause  any  important  change  in  the 
cross  section.  This  station  is  300  feet  upstream  from  Sunset  Falls, 
where  the  river  plunges  down  a  solid  granite  ledge  with  a  slope  of 
about  two  horizontal  to  one  vertical.  The  l^dge  answers  the  purpt>se 
of  a  spillway  in  regulating  the  flow  of  the  river  at  the  gaging  station, 
since  the  water  has  a  free  discharge  and  a  permanent  bed  just  below 
the  station. 
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Lkxily  gage  height,  in  feet,  of  Skykomiah  {South  Fork)  River  near  Index,  Wash. 


I>a,y 


Oct.   Nov. 


lae. 


2. 
3. 


5. 


6. 


i 

8 

9 

10 

11 


1.61 
1.53 
1.52 
1.46 
1.39 


3.65 
4.10 
4  70 
4.15 
3.54 
3.02 
3.02 
5.66 
5.21 
4.76 
5.85 


Dec. 


11.41 
7.28 
5.65 
5.52 
4.82 
4.26 
3.69 
3.52 
5.35 
4.55 
4.06 


Day. 


12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 


1902. 


Oct. 


1.31 
1.23 
1.21 
1.22 
1.81 
1.29 
1.18 
1.13 
1.09 
1.07 
.90 


Nov.  Dec. 


Day. 


6.27 
4.39 
3.76 
3.57 
4.72 
5.64 
6.09 
4.88 
4.00 
3.62 
8.38 


3.58 
3.35 
3.10 
2.85 
2.65 
2.49 
2.38 
2.29 
2.30 
2.12 
2.14 


23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


1902. 


Oct. 

Nov. 

0.88 

3.25 

.99 

3.69 

.99 

8.58 

.91 

8.26 

.91 

3.66 

1.31 

8.33 

2.51 

8.09 

3  42 

5.95 

3.92 

Dec. 


2.10 
2.50 
8.20 

8.se 

6.36 
5.51 
4.60 
5.81 
6.01 


IH^charge  nieasurements  of  Skykornish  RiiH*r  {South  Fork)  near  Index,  Wash, 


Date. 


1902. 

October  7 

October  8 *. 


Hydrographer. 


T.A.Noble 
do 


October  22  _._ A.B.Carter 


December  7  . 
Decembers  . 
December  9  . 
December  19 


T.A.Noble 

do 

do 

do 


Gaffe 
heignt. 


Discharge. 


Feet 
1.58 

1.53 

1.25 

3.64 

3.72 

5.33 

2.23 


Sec-feet. 

685 

657 

565 

1,674 

1,805 

2,850 

946 

STILAGUAMI8H  RIVER  NEAR  ROBE,  WASH. 

This  station  was  established  December  3,  1902,  by  T.  A.  Noble.  It 
is  located  at  the  bridge  of  the  Everett  and  Monte  Cristo  Railway,  1^ 
miles  east  of  Robe,  Wash.  The  gage  is  a  plain  staff  graduated  to 
feet  and  tenths,  and  read  by  means  of  a  hook  gage  and  vernier  to  hun- 
dredths. It  is  fastened  to  the  east  bridge  pier,  and  is  read  daily  by 
Wm.  A.  Dobson.  Arrangements  will  be  made  for  gaging  the  river 
during  the  coming  summer.  The  bench  mark  is  the  top  of  the  rail 
above  the  east  pier  of  the  bridge.  Its  elev^ation  is  901.06  feet  above 
sea  level.  The  elevation  of  the  zeroof  the  gage  is  873.184  feet.  The 
elevation  of  the  bridgje  to  which  the  gage  is  attached  was  furnished 
by  the  Everett  and  Monte^  Cristo  Railway  Company. 
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Daily  gage  height,  in  feet,  of  Stilaguaminh  Rit*er  near  Rffhe,  Wash. 


Day. 

Doc. 
_... 1 

1... 
2... 

19Q2. 

9 
10 

3 

3.54  j 
3.02  1 
2.86 
2.30  1 
3.40 
8.40 

1 

11 

4 

12 

6 

13 

6 

14 

7 

15 

8 

in 

Day. 


Dec. 


19112. 


jl7. 
18. 


'I  19. 


8.40 
8.50 
9.10 
8.30   I  20 
2.48  ,|  21 

1.07   I  22 

'I 


1.87 
1.56 


23. 
24. 


Day. 


1902. 


Doc 


I 


Uny. 


IM 


19ns. 

1.56    ,  S> _ yn 

i.:«      2R .  V 

1.40  |l  27 i.L 

2.28  !'  28 a-f 

1.84  .'  29 _ tC 

1.96  ;i  30 5:^ 

1.78  ;  31 i.r 

4.61  il 


HUDSON  BAY  I>RAINAGK  BASIX. 

Red  River  drains  a  large  ba8in  in  the  United  States,  covering  p>r- 
tions  of  Minnesota  and  North  and  South  Dakota,  characterized  bv  a 
level  topography,  broken  up  in  places  by  moraines  and  other  glaciiil 
deposits.  The  major  part  is  prairie,  and  its  easteru  half  has  an 
abundance  of  lakes  and  some  woods.  The  main  river  floivs  nearb 
due  north,  cutting  a  deep  channel  in  its  broad  level  valley  and  Is 
subject  to  sudden  rises  caused  by  heavy  spring  raia.s,  entailing  fre- 
quently considerable  loss  of  life  and  property:  The  valley  of  Rni 
River  comprises  about  9,000,000  acres  of  excellent  agricultural  lands 
which  to  a  large  extent  still  await  settlement.  A  number  of  water 
powers  have  been  develojKjd  during  recent  years  on  the  tributaries 
entering  from  both  sides. 

Red  River  drains  into  Hudson  Bay  through  Lake  Winnipeg  and 
Nelson  River.  Red  Lake  River,  one  of  its  principal  tributaries  in 
Minnesota,  drains  Red  Lake  in  the  northern  part  of  the  State.  Shey- 
enne  River,  its  principal  tributary  from  North  Dakota,  joins  the  R*Hi 
River  about  10  miles  below  Fargo,  N.  Dak. 

St.  Mary  River  heads  in  northern  Montana,  near  the  C.^anadian 
boundary  line,  on  the  eastern  slope  of  the  main  range  of  the  Rocky 
Mountains,  in  a  region  of  perpetual  snow  and  in  the  midst  of  numer- 
ous glaciers.  It  starts  from  the  great  Blackf oot  Glacier  (probably  the 
largest  in  the  Rocky  Mountains  within  the  United  States)  and  receives 
affluents  from  at  least  a  dozen  lesser  ones.  These  small  streams  unitf 
within  a  short  distance  from  their  sources  and  flow  into  a  lake  hemmed 
in  by  high  mountains,  known  as  upper  St.  Mary  Lake.  Below  thi^^. 
separated  by  a  narrow  strip  of  land,  is  lower  St.  Mary  Lake.  Thf 
aggregate  length  of  these  two  lakes  is  about  22  miles.  The  River  flows 
out  of  the  lower  lake,  the  elevation  of  which  is  4,460  feet  above  .va 
level,  and  within  two  miles  is  joined  by  a  stream  nearly,  if  not  quite, 
as  large  as  itself,  known  as  Swiftcurrent  Creek,  which  receives  thf 
water  of  the  (Irinnell  Glacier  and  four  lesser  ones.  From  the  conflu- 
ence of  these  streams  to  the  boundary  of  the  British  possessions,  » 
distance  of  12  miles,  the  river  flows  in  a  northerly  direction.     Enter- 
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iiig  Alberta,  it  empties  into  Belly  River,  its  waters  at  length  finding 
their  way  through  Saskatchewan  River  into  Hndson  Bay.  A  canal 
has  been  constructed  in  Canada,  by  the  Canadian  Northwest  Irriga- 
tion Ck)mpany,  which  diverts  water  from  the  right  bank  of  St.  Mary 
River  about  5  miles  below  the  international  boundary  line. 

The  following  list  includes  the  stations  of  the  Hudson  Bay  drainage 
basin: 

St.  Mary  River  at  international  line  near  Cardston,  Alberta. 

St.  Mary  River  at  Main,  Mont. 

Swiftcnrrent  Creek  at  Henkel's  ranch  near  St.  Mary,  Mont. 

St.  Mary  River  at  dam  site  near  St.  Mary,  Mont. 

Red  River  at  Emerson.  Manitoba. 

Red  Lake  River  at  Crookston.  Minn. 

Red  River  at  Grand  Forks,  N.  Dak. 

Sheyenne  River  at  Haggart,  N.  Dak. 

Red  River  at  Fargo,  N.  Dak. 

Devils  Lake  at  Devils  Lake,  N.  Dak 

ST.  MARY   RIVER  AT  INTERNATIONAL  LINE  NEAR  CARD8TON,  ALBERTA. 

This  station  was  established  October  11,  1002,  by  C.  T.  Prall.  It  is 
located  one-quarter  mile  north  of  the  Montana  line  and  17  miles  south 
of  C^ardston,  Alberta.  The  gage  is  of  the  usual  wire  type  with  the 
gage  boaiHi  graduated  to  feet  and  tenths.  The  lengtli  from  the  bot- 
tom of  the  weight  to  the  marker  is  10.85  feet.  It  is  fastened  to  a  tree 
and  a  x*^^*-  ^^^  initial  point  for  sounding  is  on  the  left  bank.  The 
channel  is  straight  for  300  feet  above  and  150  feet  below  the  station. 
The  right  bank  is  high  and  not  liable  to  overflow.  The  left  bank  is 
sloping  and  liable  to  overflow  at  very  high  water.  The  bed  of  the 
stream  is  of  sand  and  gravel,  but  not  liable  to  scour.  The  measure- 
ments are  made  from  a  car  and  cable.  The  observer  is  Vernon  Shaw. 
Bench  mark  No.  1  is  a  60-penny  spike  driven  in  a  cottonwood  tree 
located  directly  back  of  the  rod.  Its'  elevation  is  12.92  feet  above  the 
zero  of  the  gage.  Bench  mark  No.  2  is  a  (JO-penny  spike  driven  in  a 
post  1  foot  in  diameter  and  2  feet  high.  The  i)Ost  is  set  in  the  ground 
92  feet  northwest  of  the  gage  rod.  Its  elevation  is  17.56  feet  above 
the  zero  of  the  gage. 

The  following  discharge  measurements  were  made  during  1902: 

October  11:  Gage  height,  3.90  feet;  discharge,  501  secoud-feet. 
October  23:  Gage  height,  3.65  feet;  discharge,  3S7  second-feet. 
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Daily  gage  height,  in  feet,  of  St.  Mary  River  at  International  line,  7i**ur  Canh^n^. 

Alberta. 


Day. 

Sept. 


Oct. 

Nov. 
3.46 

1 
Dec.   1 

1 
8.65  i 

Day. 

1902. 
17 

Sept. 

Oet. 

Kov.   . 
a6D 

D*r. 

1902. 
1 

4.00 

4.a) 

2 

4.00 

3.46 

3.80  ^ 

18..... 

4.00 

3.96  . 

3.e5 

■.«f 

3 

4.>S5 

4.06 

3.60 

8.50  1 

19 

4.00 

3.9U 

aeo 

:t* 

4 

4. 36 

4.00 

8.50 

3.80  1 

20 

4.00 

3.90 

a65 

'.  ti 

5 

4.20 

3.60 

3.60 

21 

4.10 

3.90 

as 

i* 

6 

4.10 

3.46 

3.80  1 

22 

4.10 

aw 

a65 

.i«» 

7 

4.12 

3.46 

3.80 

23 

4.00 

3.65 

a65 

It 

8 

4.10 
4.10 

3.50 
3.60 

4.00  ' 

4.00 ; 

24 

4.10 
4.00  ' 

8.00  1 
3.60 

3.00 

a«5 

4<' 

9 

35 

A  » 

10 

4.10 

3.66 

4.00 

28 

4.10 

3.50 

3.25 

.'i    » 

11 

4.00 

. »■__ 

3.ft5 

4.20  ! 

27 

4.00 

3.50  ' 

a35 

4.  Ml 

12 

4.00 

3.85 

3.70 

5.20  1 

28 

4.00  1 

3.n0  ' 

3.0U 

i.T: 

13 

4.00 

3.90 

3.65 

5.00  1 

29 

4.10  1 

3.li0 

3  S» 

i.' 

14 

4.00 
3.11 
4.10 

4.00 
3.96 
3.96 

3.66 
3.60 
3.60 

5.20  ' 
5.20  ! 

5.20  1 

1 

30... 

4.00  ' 

1 

3.45 
8.46  ^_. 

am> 

iS 

15 

31 

16 

1 

1 

ST.  MARY   RIVER  AT  MAIN,  MONT. 

This  station  was  established  by  C.  C.  Babb,  July  14,  1901,  and  ii 
located  at  the  highway  bridge  at  Main,  about  1  mile  below  the  mouth 
of  Swiftcurrent  Creek.  During  1900  a  number  of  measurements  weiv 
made  at  this  point,  and  a  temporary  bench  mark  was  established,  con- 
sisting of  a  notch  in  the  timber  on  the  downstream  side  of  the  right 
abutment.  When  the  station  was  established  the  height  of  this  notch 
on  the  gage  was  found  to  be  1.60  feet.  The  rod  is  vertical  and  ij^ 
spiked  to  the  timbers  on  the  lower  end  of  the  left  abutment.  Bench 
mark  No.  1  is  a  nail  in  the  blaze  of  a  cottonwood  tree  13  feet  north- 
west of  the  rod,  and  is  at  an  elevation  of  4,418.49  feet.  Bench  mark 
No.  2  is  a  temporary  bench  mark  of  the  topographic  division,  consist- 
ing of  a  stone  in  the  road  400  feet  northwest  of  the  bridge,  at  an 
elevation  of  4,419  feet.  The  elevation  of  the  zero  of  the  rod  t* 
4,411.72.  The  channel  above  and  below  the  station  is  straight,  and 
the  velocity  of  the  water  is  swift.  The  right  bank  is  high,  and  the 
left  bank  is  low  and  liable  to  overflow.  A  short  distance  west  of  the 
bridge  is  a  slough  which  carries  some  water  during  flood  stages,  and, 
therefore,  has  to  be  gaged  on  such  occasions.  The  bed  of  the  stream 
consists  of  gravel  and  bowlders.  The  station  was  discontinued  Novem- 
ber 1,  1902.  Stations  at  Dam  Site  and  at  Henkel's  ranch  give  the 
discharge  at  Main. 
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Discharge  vieasurements  of  St.  Mary  River  at  Main^  Mont. 


Date. 
1902. 

J.S.I 
W.B 

d 

C.T. 
W.B 
C.T. 

d 

d 

d 

in  feet 
Mar. 

Hydrograp 

her. 

-   -    - 

Gasre 
heiglit. 

Di8< 
Seco 

charge. 

^pril  9-    .. 

3aker  . 
.  Freem 
o 

Feet. 

0.10 

1.50 

1.11 

.61 

.61 

.57 

.55 

.35 

.25 

md-feet. 
168 

August  22- 
^eptember 
September 
September 
October  8  _ 

22.. 
30.. 



tan 

944 

• 

661 

Prall.. 

420 

.Freem 
Prall.. 
0 

lan  -  - . 

407 

-  -  • 

402 

October  17 

^aily 



Hght, 
Feb. 

0.25 
.25 
.25 
.25 

.25 
.20 
.20 
.20 
.20 
.2r) 
.15 
.15 
.15 
.15 
.10 
.10 
.10 
.10 
.10 
.10 
.05 
.m 
Aft 
.05 

.(r> 
.(r> 

.05 

.05 

402 

October  28 
October  30 

o 

0 

—  — 

. 

811 

281 

at  Mai 

i 

gage  ht 
Jan. 

1 

1 

1 
0.05  1 

.00  1 

.00  1 

.00  1 

.00  1 

-  .10' 

-  .loi 

-  .10  j 

-  .  10  1 

-  .15 ' 

-  .15 : 

-  .15 

-.lu! 

+  .10  ' 
.10  , 

.15 
.20 
.20 
.20' 

1         .16' 
'         .15' 

1 

1                  ■'' 

.15 
.15 
.15 
.L5 
.20 
.20 
.20 

,  of  St, 

Mary 

River 
June. 

4.40 
4.20 
4.00 
3.70 
3.60 
3.40 
3.30 
3.30 
3.40 
3.50 
3.50 
3.40 
3.40 

3.3r) 

3.40 
3.30 
3.20 
3. 10 
3.00 
2.  HO 
2.80 
3. 10 
3. 10 
3. 10 
3. 10 
3.30 

3.:«) 

3.30 
3.30 
3. 40 

n.  Mont. 

• 

Day. 

1 
Apr. 

_  _    _  -^ 
1 

-0.06  I 

-  .06  ' 

-.06' 

.00  ' 

.«,; 

.05 
.(ft 
.10 
.1(» 
.10  , 

.15; 

.15 
.20 
.20 
.20 

.:«) 

.40 

.10 

.50  ^ 

.50 

..10 

.55 

.55 

.HO 

.HO 

.«5 

.(ft 

.(ft  1 

.70 

.70 

May. 

0.70 

.75 

.75 

.80 

.90 

.05 

1.00 

1. 10 

1.90 

l.(JO 

1.80 

2.(N) 

2.30 

2.80 

3. 10 

H.40 

:{.H0 

4.20 
5.(N» 
4.50 
4.40 
4.50 
4.40 
4.30 
4.25 
4.35 
4.  HO 
4.80 
4.50 

July. 

3.40  1 
3.70  1 
6.25  1 
6.50  1 
5.80  ' 
5.00  ' 
4.80 
4.00 
3.00 
3.4() 
3.20 
........ 

2.90 
2.80 
2.70 
2.  HO 
2.(?0 
2.50 
2.40 

2.:«i 

2.40 
2.40 
2.50 
2.50  . 
2.»)  , 
2.(«)  , 
2.  HO 
2.  HO  > 
2.50  i 
2.45 
2.35  1 

Aug. 

» 

ept. 

1.25 

1.16 

1.06 

1.00 

1.00 

1.00 

1.00 

1.00 

.90 

.90 

.90 

.K5 

.85 

.80 

.75 

.80 

.80 

.75 

.75 

.70 

.00 

.50 

.40 

.:r> 

.35 
.36 
.30 
.30 
.30 
.90 

Oct. 

19Q2. 
1. 

0.05 
.05 
.(J5 
.05 
.00 
.00 
.00 
.00 
.05 
.05 
.(ft 
.10 
.10 
.10 
.10 
.10 
.10 
1        .10 
.05 
.05 
.05 
.05 
.00 
.00 
.00 
.IN) 

-  .05 

-  .(ft 
;  -  .(ft 

-  .(ft 

-  .(ft 

2.25 

o.ao 

•> 

2.15  ' 

2.05 

1.96  ' 

1.90 

1.90 

1.90 

1.90 

1.85 

Lift 

1.95 

1.90 

1.85 

1.80 

1.75 

1.70 

1.7(» 

1.70 

1.H5 

l.HO  1 

l.tft  1 

l.(Ml 

1.5(1  1 

1.50  i 

1.50 

.40 

3 

40 

4 

.40 

■">- . 

.80 

fi 

.30 

». 

.90 

H 

.85 

9 

.25 

10 

.25 

11 

.20 

12 

.20 

\\\ 

20 

14.. 

.  fSJ 

.25 

15 

.20 

1« 

17 

IH 

IS* 

a) 

.20 
.20 
.25 

21 

n... 

« 

24 

25.... 

-  — 

28  .. 

1.50 
1.45 
1.45 
1.40 
1.36 
1.30 

27.... 

28 

29.  .. 

m 

31 

1 
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Rating  table  for  St.  Mary  River  at  Main,  Mont, 
FROM  JANUARY  1  TO  JUNE  30,  1«B. 


Gase 
height. 

Discharge. ; 

Gage 
height. 

Feet. 

Dimharge  j 

Gage 
height. 

Discharge. 
Second-feet . 

hei^t. 

Diacfaar^ 

Feet. 

Second-feet. 

Second-feet. 

Feet. 

Feet, 

Seromd-fey' 

-1.4 

41 

,       0.8 

415 

3.0 

2,422 

5.2 

I       5.106 

-1.2 

48 

1.0 

501 

3.2 

2,666 

5.4 

1       5,  B-Tii 

-1.0 

57 

1.2 

587 

3.4 

2, 910     ! 

5.6 

5, 5W 

-  .8 

70 

1.4 

678     1 

3.6 

3,154     ] 

i       5.8 

1       5,83:^ 

-    .6 

87 

1.6 

790    1 

3.8 

3, 398     I 

j       6.0 

j       6,082 

-  .4 

108 

1.8 

960    i 

4. 0     1      3, 642 

1       6.2 

1 

!       6.3« 

~  .2 

137 

2.0 

1,202    1 

4.2 

3,886     ' 

6.4 

1        6. 5T<.» 

.0 

175 

2.2 

1,446 

4.4 

4,130 

6.6 

t        6,814 

.2 

220 

2.4 

1,690  ; 

4.6 

4,374 

6.8 

j      7,  a>8 

.4 

278 

2.6 

1,984  ; 

4.8 

4,618 

.6 

338 

2.8 

FROM  J 

0.0 

"2,178 

1 

5.0 

4,862 

rUNE  30  TO 

1 

i           190     i 

1 

DECEMBER  81, 1908. 

1.0 

57 

1 
1.0               612     1 

1 
2.0     ! 

1,290 

.8 

70 

.2 

;           257     ' 

1.2     ;          720 

«3.2     1 

1,446 

.6 

87 

•4 

830    ' 

I 

1.4     1          842 

1 

1 

-    .4 

108 

;      .6 

1          424    ' 

1                                      1 

1       1.6 

1 

986 

i 

-    .2 

143 

.8 

518     1 

1 

1.8     !       1,138 

1 

! 

<»  Prom  thin  height  the  tables  are  the  Hame. 

Estimated  monthly  disvharge  of  St.  Mary  Riix>^r  at  Main,  M€>nt, 

[Drainage  area,  :A)6  square  miles.] 


Discharge  in  second-feet. 


Rmi-off. 


Muuth. 


Maximum. 


1J)02. 

Jauuary 

Febmary  .. 

March 

April _ 

May 

J  une 

July  - 

August 

September  . . . . 
October  1  to  18 


220 

232 

195 

873 

4, 862 

4, 130 

6, 092 

1 ,  507 


750 


Minimum. 


146 
185 
165 
165 
373 
2,178 
1 ,  568 
780 
293 


193 
205 

181 


o«s7 


2,490 
2, 873 
2.737 
1,090 
488 
282 


Total  in 
acre-feet.      Second-feet 


per  Hquar^    DeptlijL 
xnue. 


ilH^hrtN 


11,867 

0. 65 

0. ".'} 

ll,3a5 

.69 

11,129 

.61    ' 

.y 

15,292 

.86 

.<« 

153, 104 

8.36  - 

1*, «: 

170, 955 

D.IU 

10. :« 

168,292 

9.  18 

10.'*-^ 

67,010 

3.66 

At. 

29, 038 

1.64  ' 

l.S 

10, 074 

,       .*»5! 

M 

M  K  W  RT.I..] 
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SWTKrCUKRKNT  (VREKK    AT    HENKKl/S   RANi^H,  NEAR  ST.  MARY,  MONT. 

This  station  was  originally  established  April  8, 1902,  by  J.  S.  Baker, 
a»rid.   was  located  one-half  mile  northwest  of  Ilenkel's  ranch  and  36 
miles  northwest  of  Browning,  Mont.     The  nearest  post-office  is  Wet- 
xel.      Henkel's  ranch  is  reached  by  regular  stage  from  Wetzel,  Mont. 
Tlie  gage  is  of  the  nsnal  wire  type,  with  the  gage  rod  graduated  to  feet 
and.   tenths.     It  is  firmly  nailed  to  a  horizontal  support,  and  is  read 
daily  by  Heniy  Henkel.     The  initial  point  for  sounding  is  on  the  left 
l^ank,  and  measurements  are  made  from  a  cable  and  car.     The  chan- 
nel is  straight  for  500  feet  above  and  200  feet  below  the  station.     The 
riglit  bank  is  low  and  liable  to  overflow;  the  left  bank  is  high  and 
rocky.     The  bed  of  the  stream  is  rocky.     The  station  as  originally 
established  by  J.  S.  Baker  was  washed  away  by  the  high  water  in  June, 
1 1K)2,  and  was  reestablished  July  30,  1002,  by  AV.  W.  Schlecht.     The 
original  gago  was  placed  on  the  right  bank  of  the  stream.     The  new 
grage  is  located  1,800  feet  al>ove  the  first  gage  and  on  the  same  bank 
of   the  stream.     The  gage  was  again  moved  on  September  27,  1902, 
l>y  CI  T.  Prall,  as   the  second  location  was  directly  above  a  dam. 
'^I'Tie     present   gage    is    located    about    900    feet    above   the    former 
station.     The  length  from  the  pointer  to  the  bottom  of  the  weight  is 
14.60  feet.     The  distance  from  the  zero  of  the  rod  to  the  outside  of 
the  pulley  is  2.15  feet.     Bench  mark  No.  1  is  a  point  chipped  on  a 
large  l)owlder  32.4  feet  south  of  the  gage.     Its  elevation  is  12.52  feet 
above  the  zero  of  the  gage.     Bench  mark  No.  2  is  the  head  of  a 
20-penny  wire  nail  driven  in  a  cottonwood  tree  04.4  feet  east  of  the 
gage.     Its  elevation  is  12.86  feet  above  the  zero  of  the  gage. 

Discharge  measurements  of   Sunftcurrent  Creek  at  He^ikeVs  ranch,  near  St. 

Mary,  Mont. 


Date. 


1902. 

April  0 '  J.S.Baker 

Do do 

Angiist  11 I  W.  B.  Freeman 

Ati  giist  22 do 

September  2 ' do 

Octobers ' do    


OctoberlT C.T.Prall 

October23.__ ' do  _ 

October  30 do 

July  30... - I  W.B. Freeman 

September  22_ J  C.T.Prall 

September  29. _ _do 


GaKe 
hei^t. 

Discharge. 

fYet. 

Secfmd-feet. 

1.50 

67 

1 .  50 

68 

2.40 

338 

2.22 

254 

1.94 

170 

2.00 

156 

1.92 

139 

1.70 

101 

1.68 

98 

2.50 

418 

1.85 

113 

2. 05 

163 

230 


STRKAM   MKASIIRKMENTS    IN    1916,  PAKT    IV. 


IX.        <k 


Ihiihf  gage  IteiqUt,  in  fe**t„  *>/  Swifinirrent  Creek  at  HenkeVH  rrifwA  n**iir  St.  M*tr^ 

Mont. 


Day. 


I  '  '  '  '  ! 

Apr.    1  May.  '  June.     July      Aug.   I   Sept.  '    O't.     !   Nor.      D^ 


IflOS. 

1 

2 

8 

4 i 

5 

1 



«     1 

1 -•- 

7 ' 

8 . 

l.TiO 

» 

I.  Til) 

1(1 

!.»)  ' 

11 

12 

l.TjII  i 

i.no  1 

13 

1.44)  i 

14 

16 

1« 

i.no 

17 

i.fli) 

IH 

!.(») 

1» 

i.m 

2() 

1.80 

«1 

HAi) 

22 

2.10 

23 

2.:i() 

24 

2.:io 

85 - 

2.00 

26 

2.  IK) 

27 

2.00 

28 

2.00 

29 

2.00 

m 

2.00 

^i 

a  River  frozen. 
Rating  table  for  Swiftenrrent  Creek  near  St.  Mary,  Mont.,  for  J9fhf. 


2.00 

5.00 

8.20 

2.50 

2.00  ' 

1.90 

l.«) 

1  4 

2.20 

4.00 

3.60 

2.40 

2.10  ' 

i.a) 

1.60 

1  ) 

2.40 

4.00 

5.00 

2.40 

2.10 

1.9(1 

1,5*1 

1  « 

2.20 

8.50 

7.00 

2.40 ; 

2.00 

].9(l 

l.aii 

1     k 

2.20 

3.30 

6.  a) 

2.30  1 

2.10 

1.80 

l.o(» 

1    U 

2.00 

2.90 

5.40 

2.80 ; 

2.50 

1.90 

l.W 

2.00 

3.10 

5.00 

2.21)  1 

2.40 

1.90 

l.liO 

•  . 

2.00 

3.10 

4.70 

2.10  ] 

2.10 

1.911 

1.511 

» 

2.fl0 

3.50 

3.80 

2. 10  1 

2.14) 

1.90 

1.50 

1  •! 

2.81) 

3.80 

3.21) 

2.44)  . 

2. 10 

1.911 

1.5i> 

1  ' 

2.«) 

4.00 

3.00 

2.30 

2.4)4) 

1.9fl 

].» 

,1 

2.90 

4.00 

3.  or) 

2.30 

2.4B) 

!.«•  , 

i.ai 

•1  . 

li.  10 

4.10 

2.80 

2.») 

2.0J) 

1-J^»  . 

l.Stt 

r« 

:i  10 

3.50 

2.80 

2.31) 

1.90 

l.yii 

l..«io 

r« 

4.00 

3.30 

2.70 

2.20 

1.94) 

1..H|» 

\.^l 

.• 

4.10 

3.20 

2.70 

2.20 

2.4» 

I.HI 

1.511 

.  •! 

4.40 

3.20 

2.01 

2.20 

2  00 

1.81) 

l.'M)  - 

.1 

4.44) 

a  10 

2.  HO 

2.20  , 

1.90 

1.7t> 

1.50 

1    I 

4.00 

3.  a) 

2.50 

2.:«) 

1.94) 

1.711 

1.31) 

1  «i 

4.40 

3.00 

2.40 

2.:*) 

1.94) 

1.70 

i.ai 

<    t 

5.70 

2.70 

2.40 

2.:«) 

1.90 

I.TIJ 

1-51) 

l<l 

4.90 

2.  A) 

2.80 

2.20 

1.90 

1.70 

i.50 

1  ■• 

4.70 

2.40 

2.30 

2.90 

1.94)  , 

1.74) 

i.ao 

1  '.' 

4.90 

2.20 

2.40 

2.80  , 

1.90 

l.Tt) 

1.54) 

1  •• 

4.10 

2.30 

2.30 

2.20 

l.fiO 

1.71) 

1.40 

1    ^ 

8.90 

3.50 

2.50 

2.20 

2.00 

1.6() 

1.41) 

1.^ 

3.70 

3.50 

2.40 

2.20 

2.00  1 

i.ei) 

1.4» 

1   *' 

8.80 

3.40 

2.70 

2.20 

2.00 

i.a) 

1.41) 

I  :• 

4.60 

3.40 

2.70 

2.20 

2.00 

l.Qi) 

1.4») 

1  ?' 

5.00 

8.20 

2.50 

2.20 

2.00 

1.70 

1.40 

I  -' 

5.80 



2.50 

2.10 

i.do 



I  •!• 

Ga^e 
beiKnt. 


Feet. 
1.0 

1.2 

1.4 

1.6 

1.8 

2.0 

2.2 

2.4 

2.6 


DiHcharjfe 


-     I 


Sennul-feet. 

a6 

45 
58 
78 
108 
156 
245 
856 
467 


I 


Gage 
hoiffht. 

Feet. 

2.8 

:{.0 
3. 2 
3.4 
3.6 
3.8 
4.0 
4.2 
4.4 


Discharge.  ,|  ^^^      Diflcharge. 


Sero  f  If  t-feet . 

578 

689 

8(K) 

911 

1,022 

1,133 

1,244 

1,355 

1,466 


heig 
Feet. 

4.6 
4.8 
5.0 
5.2 
5.4 
5.6 
5.8 
6.0 
6.2 


Serond-fert. 
1,577 

1,688 

1,799 

1,910 

2,021 

2,132 

2,243 

2,354 

2,465 


Gkkse 
height 

6.4 
6.6 
6.8 
7.0 
7.2 
7,4 


7.6 


7.8 


Disicbarp 
a.  576 

a,7u^ 

2,909 
H,  1*20 
8. 131 
3. 242 

3, 35:^ 


M2U  KI.I-] 


HUDSON    BAY    DBAINAGE    BASIN. 
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Estimated    monthly  discharge  of  Swiftcurrent  Creek  at  HenkeVs  ntncfi  near 

St.  Mary,  Mont. 


[Drainage  area,  101  Hqoare  miles.] 
Discharge  in  aeoond-feet. 


Month. 


Maximuza.    Minimum.      Mean. 


1902. 

April  a 

May 1,966  156 

June    .  l,7»ft  j  345 

July     ._             2,»0ft  801 

Au^ist 412  m) 

September     412  '  108 

October 128  78 

November 78  58 


100 
989 
880 
836 
276 
168 
106 
66 


Total  in 
acre-feet. 


6,485 

60,811 

52. 360 

51,404 

16,971 

9,996 

6, 517 

3,927 


Bxm-off. 


Second-feet 

per  square 

mile. 


1.08 
9.79 
8.71 
8.28 
2.7? 
1.66 
1.05 
.65 


Depth  in 
inchee. 


1.20 
11.30 
9.71 
9.55 
3.15 

i.ai 

1.31 
.73 


a  Discharges  from  1st  to  7th  estimated. 


ST.  MARY  RIVER  AT  DAM  SITE  NEAR  ST.  MARY,  MONT. 

This  station  was  established  April  0,  1902,  by  J.  S.  Baker.     It  is 
located  on  Henry  Henkel's  ranch,  about  1  mile  east  of  his  house,  and 
is  35  miles  northwest  of  Browning,  Mont.     It  is  also  about  4,500  feet 
below  Lower  St.  Mary  Lake.     The  gage,  which  is  located  about  1,000 
feet  above  the  cable  from  which  the  measurements  are  made,  is  of  the 
usual  wire  type.     It  is  supported  upon  a  horizontal  arm  which  extends 
over  the  river  and  is  fastened  to  a  cottonwood  stump.     The  scale 
board  is  graduated  to  feet  and  tenths.     The  length  of  the  wire  from 
the  bottom  of  the  weight  to  the  marker  is  11.40  feet.     The  observer 
is  Henry  Henkel,  who  lives  about  1  mile  west  of  the  gage.     The  chan- 
nel is  straight  both  above  and  ])elow  the  station  and  the  banks  are 
high.     The  stream  has  a  moderate  velocity  and  the  banks  have  gentle 
slopes.     The  l>ed  of  the  stream  is  composed  of  gravel  and  bowlders. 
The  initial  point  for  soundings  is  on  the  left  bank  at  the  middle  of 
the  cottonwood  tree  to  which  the  cable  is  fastened.     Bench  mark  No. 
1  is  a  spike  in  the  foot  of  a  cottonwood  tree  30  feet  north  of  the  gage. 
It  is  marked  B.  M.  9.24.     Its  elevation  above  the  zero  of  the  gage  is 
■>.24  feet.     Bench  mark  No.  2  is  a  wire  spike  in  the  rear  post  of  the 
gage.     It  is  marked  B.  M.  H.97  feet.     Its  elevation  above  the  zero  of 
the  gage  is  0.97  feet. 
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fv 


.*'   V 


fyisi'luirgt'  inetisurevieiitH  of  St.  Manf  Hirer  at  iiam  aite  near  St.  Afarif.  M**ut. 

Hydrofirrapfaer.  hS^S.      I>>«^*»«^ 


Date. 


1902. 

AprilO I  J.S.Baker 

April  9 1 do 

July  31 I  W.W.Schlecht 

August  5 - ;  W.  B.  Freeman  . 

August  13  - \ do , . 

August  23 -  -  - do 

September  2 do 

September  22 

September  29 

Octobers    

(>;tober  24 

October  30 


C.T.Prall 

W.  B.  Freeman 

do 

A.M.Gilbert. 
C.T.Prall 


1.50 
1.50 
3. 55 
3.20 
3.a5 
2.73 
2.47 
2.00 
1.92 
1.85 
1.73 
1.65 


Daily  gage  height^  in  feet^  of  St.  Mary  River  at  dam  site  near  St.  Mary, 

~^      r 
May. 


Day. 


Apr. 


1  .... 

1902. 

2 

3 

4 

5                             .  . 



6 





7 1 

8 ' 

9 

■ 

1.50 

10 

l.tiO 

11 

1.50 

12 

1.50 

IB 

..................  — . 

1.50 

14 

1.50 

IB 

1.60 

16 

1.») 

17 

- 

1.60 

18 

l.fiO 

19 

..................  .. 

l.HO 

20 

1.50 

21 

1.50 

22 

1.60 

23 

.—»••>•-..•••.         •      . 

1.70 

24 

1.80 

25 

1.80 

26 

1.60 

27 

1.00 

28 

1.60 

29 

1.60 

30 

1.70 

m. 

-■..••.....•.•..••• 

1.70 

1.80 

2.00 

2.00 

2.  IK) 

2.0t) 

2.00 

2.00 

2.20 

2.20  I 

2.30  1 

2.20  , 

2.30 

2.:)0 

3.<N) 

8.2I> 

4.»)  I 

4.30  ] 

4.70  ' 

5.61)  I 

6.00 

6.00 

6.00 

6.30 

6.10 

6.00 

6.00 

5.00 

5.10 

6.00 

6.00 


June. 


6.10 
6.00 
6.00 
5.3f»  I 
5.  a)  I 
4.60 
4. 10 
4.10  ' 
4.30 
4.30  I 
4.40  I 
4.30 
4.30  I 
4.10  ! 
4.40 
4.30  ! 
4.21) 
4.00 
4.(Y) 
4.U)  . 
3.80  ' 
3.60  I 
3.50  \ 
3.20  I 
3.20  ' 
3.80  , 
3.70 
4.(10 
4.00 
3.80 


July.      Aug.     Sept.        Got  .  '  Nov. 


§: 

1.179 

*^ 

4?»: 


av^ 


ir^i 
MoHt. 


4.20 
4.40 
4.90 
6.50 
6.60 
6.40 
6.00 
5.80 
5.  .50 
5.20 
5.00 
5.a) 
4.60 
4.60 
4.30 
4.20 
4.30 
4.10 
4.10 
4.00 
4.00 
4.00 
3.90 
4.00 
4.00 
4.10 
3.90 
3.90 
8.80 
3.60 
3.50 


3.50  i 
3.40  i 
3.30 

3.:« 

3.20 
8.20 
3.10 
3.10  , 
3.10  ' 
3.10 
2.90 
3.00 
3.00 
3.00 
3.00  , 
3.00 
2.90  ' 
2.90 
3.90 
2.90  : 
2.90  I 
2,80  \ 
2.80  I 
2.70 
2.70  1 
2.70  ' 
2.70 
2.70  I 
2.00  I 
2.60  I 
2.60 


2.50 
2.40 
2.40 
2.40 

2.30 
2.30 
2.30 

2.20 
2.10 
2.10 
2.10 
2.10 
2.00 
2.10 
3. 10 
2.00 
2.00 
2.00 
3.01) 
2.(10 
2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 


1.90 
1.90 
1.90 

I. on 

!.»> 
1.80 
1.80 
1.80 
1-80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
l.HO 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1,70 


1.7I»  l.5i^ 

l.n*  1  3i» 

1.70  IS' 

l.«»  l.Sti 

l.fil)  l.^> 

l.<a>  <«t 

l.«U    

l.W    

i.m  

i.ao  

i.ft>  

i.«»    

i.ao  

l.fil)     

i.«o  

i.eo  

I. at     

I.eo    

i.eo   

l.fSO  .    .... 

i.«i  _ 

i.-'irt  

1.50  l.?l 

1.50  I* 

1.30  i.nt 

l.fiO  1  > 
1-50  l.fli 
Ifli 


"  Rivor  frozen. 


ewKi-i.."! 
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It4M.thig  faJlilefor  St.  Mary  Rfrer  at  dnm  Hitt*  ttear  St.  ^fartf,  ^fo}}t.,for  19(t:*, 


lie 


t. 


1.0 
1.2 
1.4 
1.6 
1.8 
2.0 
2.2 
2.4 


Discharge. 

Qaffe 

height. 

Second-feet. 

:      Feet. 

27 

2.6 

37 

1      2.8 

67 

3.0 

140 

[      3.2 

225 

1      3.4 

810 

3.6 

305 

'      3.8 

480 

1      4.0 

I«»"«"-8«- 1:  helX. 


Second-feet.'i^ 

600     ,' 

720 

840 

960 
1,080 
1,200 
1,320 
1,440 


Feet. 
4.2 

4.4 

4.6 

4.8 

5.0 

5.2 

5.4 

5.6 


Discharge. 

J  fSecond-feet. 
1,560 
1,680 
1,800 
1,920 
2,040 
2,160 
2,280 
2,400 


Ckiffe 
height. 


Diflcharge. 


Feet. 
5.8 
6.0 
6.2 
6.4 
6.6 
6.8 


\  Second-feet. 
I        2, 520 

I      2,640 

I      2, 760 

2,880 

3,000 

3,120 


Estimated  Jtionthly  discharge  of  St.  Mary  River  at  dam  site  near  St.  Marnf,  Mont. 

[Drainage  area,  177  square  miles.  ] 


Dischai^e  in  second-feet. 


Month. 


Maximum. 


1902. 

April  »-80     - 

May  -    --- 

J-one -  - 

July 

August 

September 

October 

Noveuiber — 

l>ecember   1-6  and 
2&-SI 


Minimum.  !    Mean. 


Total  in 
acre-feet. 


2,820 

2,700 

3,000 

1,140 

540 

267 

182 


310  I 
960  ' 
1,140 
600 
267 
182 
97 


136 

1,359 

1,608 

1,792 

813 

357 

222 

137 

136 


Run-off. 


Second-feet 

rsqu 

mile 


per  square    I>SPt^^- 


5, 931 
83, 561 
95, 682 
110,186 
49, 989 
21,243 
13, 656 

8, 152 

3, 237 


0.77 
7.68 
9.09 
10.12  ' 
4.59  I 
2.02  I 
1.25 


77 


.77 


0.63 

8. 85 

10.14 

11.67 

5.29 

2. 25 

1.44 

.86 


.38 


RED   RIVER   AT  EMERSON,  MANITOBA. 

This  station  was  established  by  C.  M.  Hall,  July  26,  1900,  and  is 
located  at  the  Emeraon  railway  and  traffic  bridge  one-half  mile  north 
of  the  international  boundary  line  at  Emerson,  Manitoba.  It  consists 
of  a  board  1  by  0  inches,  painted  white,  grooved,  graduated  to  feet 
and  tenthfe,  and  attached  to  the  east  side  of  the  breakwater  for  the 
center  stone  pier  of  the  bridge.  The  zero  of  the  gage  is  46.5  feet 
below  a  steel  beam  of  the  bridge  directly  over  the  gage,  and  its  eleva- 
tion is  747.915  feet  above  sea  level.  The  bed  and  the  banks  of  the 
stream  consist  of  clay.  Measurements  are  usually  made  from  a  row- 
boat.     The  observer  for  1902  is  Robert  Rossall,  Emerson. 
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rv 


This  station  now  replaces  the  station  at  Pembina,  ^.  Dak.  Tl- 
readings  here  were  not  kept  up  in  1901  while  the  gage  was  maintaiBe-] 
at  Pembina  station,  but  were  resumed  when  the  ice  broke  up  in  11^"^. 
the  Pembina  station  having  been  discontinued. 

The  following  measurement  was  made  by  C.  M.  Hall  in  1902: 

April  26:  Qage  height,  12.70  feet;  discharge,  7,646  Becond>feet. 
Daily  gage  height,  in  feet,  of  Red  Riv^er  at  Enierson,  Manitoba. 


I 

Day.                    I  Mar. 

Apr. 

May. 

Jnne. 

15.»-> 
14.75 
14.20 
13.60 
13.20 

Jnly 

Ang. 

■ 

1  Sept. 

1 
i 

1      4.40 
4.40 
4.35 
4.30 
4.30 

Oct. 

1       3.7i» 
S       3-70 
1       3.75 

3.8l>  . 

3.j«i 

N..T 

ifloe.               1 

1 , 

30.4.'> 
31.35 
31.90 
32.10 
31.85 

14.20 
15.90 
18.16 
20.15 
21.50 

9.66 
9.  .30 
8.95 
8.70 
8.50 

5. 70 
5.66 
5.45 
5.30 
6.20 

-\'» 

2 

.W' 

1 
3                                             i 

iC 

4 ' 

K'i 

1 
5 - 

^' 

6 - 

30.95 

22.50 

12.95 

K.40 

5.2r) 

4.4^1 

arm 

f'A 

1                  .           .        _       ......... ... 

3t).10 

28.90 

23. 10 
23.10 

12.80 
12.80 

K.35 

8.26 

5.10 
5.10 

4.40 
4.40 

3.  .«4t 
3-J4I 

tx.'i 

8 

iH 

9 

27.15 

28.05 

13.06 

8.20 

5.06 

4.90 

3.{^> 

i'*' 

10 .- 

25.40 

22.  a5 

13.55 

8.20 

5.00 

4.9) 

3.7li 

SA- 

11 

23.65 

21.80 

14.06 

8.36 

6.  a) 

4.  .30 

3. 70 

ill' 

12 

22.16 

21.00 

14.50 

8.55 

4.95 

4.35 

3.  TO 

4i 

13 

20.45 

20.20 

14.66 

8.70 

4.80 

4.40. 

'       3.70 

L* 

14 - 

19.15 

19.45 

14.75 

8.50 

4.66 

4.30 

3.65 

4  4 

15 

17.95 

18.65 

14.70 

8.25 

4.55 

4.25 

3.00 

4:» 

le '-' 

17.05 

17.90 

14.60 

8.15 

4.45 

4.15 

aeo 

i« 

17 

16.40 

17.:«) 

14.40 

7.90 

4.40 

4.10  ' 

aao 

4» 

18 ; 

1 

15.95 

16.75 

14.16 

7.55 

4.30 

4.10  j 

3.55 

4  j 

19 ' 

15.65 

16.20 

13.90 

7.36 

4.30 

4.00  1 

&5U 

i.'* 

20 

16.20 

15.90 

13.65 

7.25 

4.30 

3.90  1 

3.51) 

all 

21 

14.85 

15.90 

13.46 

6.96 

4.45 

3.80  1 

3. 50 

9.* 

22 

14.45 

16.05 

13.06 

6.65 

4.70 

3.75 

aso 

k: 

28 

14.05 

16.36 

12.80 

6.50 

4.90 

3.70 

aao 

6.* 

^ 

13.45 

16.95 

12.55 

6.46 

4.90 

3.70 

aao 

fl-l 

25 

13.10 

17.35 

12L10 

6.25 

4.85 

8.70 

a  55 

&4 

26 

12.70 

17.55 

11.76 

6.05 

4.65 

8.60 

aoi^ 

«.* 

27 18.20 

12.30 

17.60 

11.30 

5.85 

4.45 

8.00  j 

ae5 

28 21.90 

12.00 

17.35 

10.90 

6.70 

4.40 

3.00  , 

aT5 

29 25.10 

12. :« 

17.00 

10.45 

6.00 

4.40 

3.00  I 

aeo 

W 27.50 

13.25 

16.40 

10.00 

5.95 

4.40 

aao  1 

4.05 

31 ^9.*-) 

15.95 

5.75 

4.40 

4.55 

-- 

RED   LAKE  RIVER  AT   CROOKSTON,  MINN. 

This  station  was  established  by  C.  M.  Hall,  May  19,  1901.  It  is 
located  at  the  bridge  connecting  Robert  street  aiid  St.  Paul  street, 
which  is  known  as  the  Sampson  addition  bridge.  The  gage  consists  of 
a  weight  attached  to  a  woven  steel-wire  rope  which  plays  over  a  pulley 
attached  to  the  center  of  the  single-span  bridge.  Readings  are  mad^ 
on  a  board  1  by  0  inches,  painted  white,  graduated  to  feet  and  tenths. 
and  attached  to  the  east  railing  of  the  bridge.  A  similar  g^age  board 
nailed  to  one  of  the  south  piers  of  the  bridge  is  used  for  reading  high- 
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wHter  stages.  The  zero  of  the  gage  is  820.07  feet  above  sea  level  and 
\KH  feet  below  the  bench  mark,  which  is  marked  by  one  20-penny  and 
three  8-penny  nails  driven  into  the  east  end  of  the  breakwater  under 
the  north  end  of  the  bridge : 

During  1902  the  following  discharge  measurements  were  made  by 
C.  M.  Hall: 

May  8:  Gage  height,  9.95  feet:  discharge  5.009  second-feet. 
May  80:  Gage  height,  7.85  feet;  discharge,  3,154  second-feet. 
July  81:  Gage  height,  5.35  feet;  discharge,  1,472  second-feet. 

Daily  gage  height j  in  feet,  of  Red  Lake  River  at  Crookston,  Minn. 


Day. 

Mar. 

Apr. 

May. 

Jane. 

Jnly. 

Aug. 

S<*pt. 

Oct, 

Nov. 

1 

8.U'> 

8. 15 

8. 10 

6.60 

■ 

4.75 

5.  U» 

6.10 

5.18 

2 

7. 75 
7.15 
7.05 

8.75 
9.95 
9.65 

7.90 
8.30 
9.10 

6.70 
6. 75 
6.85 

5.30 
5.30 
5.40 

5.05 
4.95 
4.95 

5.26 
5.20 
5.40 

5. 16 

:*..  -                     

5.20 

* 



5.18 

r> 

7.35 
7.25 

9.56 

9.(r> 

9.16 
9.10 

6.93 
7.00 

5.46 
5.70 

4.fl8 
5.00 

5.  or 

5.00 

6.22 

6 

6.40 

7 

6.75 
7.25 
6.70 
6.66 
6.05 
6.15 
5.85 

8.90 
8.60 
8.40 
8.60 
8.60 
8.70 
8.70 

9.20 
9.60 
9.80 
9.70 
9.60 
9.60 
9.50 

6.95 
6.98 

6.60 
6.50 

5.60 
5.  a) 
4.30 
6.30 
4.90 
5.00 
4.70 

6.00 
4.90 
4.86 
4.88 
4.90 
4.95 
4.93 

4.90 
4.96 
ft.  01 
5.04 
5.02 
5.00 
4.S8 

5.46 

8 

6.30 

9 

5.a5 

10                               .  .  !    

5.40 

11 

5.46 

12 -- 

5.  .50 

W 

«7.40 

5.68 

14 

7.38 

5.80 

8.80 

9.70 

6.60 

4.50 

4.85 

4.95 

5.50 

L5 

7.42 

6.65 

8.60 

9.  .30 

6.56 

4.80 

4.83 

4.97 

6.45 

16 

6.25 
6.05 
6.25 
6.60 

8.50 
8.60 
8.80 
9.10 

9.10 
9.00 
9.00 
9.00 

6.40 
6.36 
6.30 
6.30 

5.:«) 

4.50 
6.00 
6.60 

4.70 
4.70 
4.64 
4.64 

4.99 
6.01 
5.04 
5.05 

6.50 

17 

7.68 
7.68 
7.70 

6.51 

18 

5.68 

19 

6.60 

20 

7.86 
7.66 
7.60 
7.96 
8.10 

6.16 
5.15 
6.86 
6.86 
5.86 

9.60 
10.00 
9.80 
9.75 
9.00 

9.00 
8.60 
8.50 
8.50 
8.30 

6.28 
6.25 
6.23 
6.20 
5.96 

6.40 
5.20 
6.10 
4.90 
4.96 

4.65 
4.70 
4.75 
4.74 

4.80 

6.03 
6. 06 
6.00 
6.05 
5.10 

5.57 

21 

5.56 

22 

6.68 

23 

6.50 

24 

4.98 

25 

8.65 

6.16 

8.98 

8.00 

6.84 

5.  ft) 

4.83 

6.20 

4.96 

28 

8.81 

6.95 

8.75 

7.40 

6.20 

6.06 

4.86 

6.40 

4.99 

27 

9.25 

7.75 

8.a) 

7.06 

5.16 

5.10 

4.86 

5.34 

5.52 

28 

9.85 

7.65 

8.60 

7.00 

4.85 

5.10 

4.87 

5.40 

6.54 

2» 

.... 

9.  HO 

7.95 

8.62 

6.fl0 

4.60 

6.15 

4.90 

6.37 

5.56 

:«) ..  . 

9.56 
9.00 

8.tt) 

8.40 
8.40 

6.70 

4.92 
4.90 

5.2r) 
5.10 

4.96 

.5.35 
5.30 

HI .... 

'(Frozen  dnring  the  winter.    Elevation  of  surface  of  the  ice  7.26  to  7.4^)  feet  on  grage.    Ice  18 
incheB  thick. 

RED   RIVER  AT  GRAND   FORKS,  N.  DAK. 

This  station  was  established  by  C.  M.  Hall  May  26,  1901,  and  is 
located  at  the  Northern  Pacific  Railway  bridge  crossing  the  river  at 
Grand  Forks,  N.  Dak.  The  gage  consists  of  a  1  by  8  inch  board, 
painted  white,  graduated  to  feet  and  tenths  in  black,  and  attached  to 
the  north  end  of  the  breakwater  for  the  center  pier  of  the  bridge. 
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The  zero  of  the  gage  was  placed  A  feet  below  the  zero  of  the  I'liii*-. 
States  engineers'  gage  attached  to  tlie  same  breakwater,  iind  is  77i' 
feet  above  sea  level  according  to  leveling  done  by  the  C^orps  of  En^r- 
neers,  United  States  Army.  The  danger  line  is  at  40  feet.  The  channel 
is  straight  above  the  station.  The  bed  of  the  river  is  composed  of  mn^i 
and  fine  sand  and  is  changeable;  the  water  is  usually  heavily  lad^fs 
with  sediment  from  Red  Lake  River,  which  enters  one-half  of  i 
mile  above  the  station.  Measurements  are  made  from  a  rowbcai 
about  150  yards  below  the  gage.     The  observer  is  John  F.  Hayes. 

During  1902  the  following  discharge  measurements  iwere  made  l«v 
C.  M.  Hall : 

May  17:  Gage  height,  15.10  feet;  discbarge,  6,613  second-feet. <> 
May  30:  Gage  height,  15.70  feet;  discharge,  7,136  second-f eet. *» 

Daily  gage  fieight,  in  feet,  of  Red  River  at  ihrand  Fork«.  A".  Fhik.^ 


Day. 

Sept. 

Oct. 

t     ' 
Nov.  D«<«.. ' 

Day. 

19(10. 

i   1 

1902. 

1 

2.30 

1.18  !  3.65  ' 1 

12 

2 

'  1.95 

1.38 

3.85  1 1 

13 

3 

i  2.25 

1.62 

3.7o; 1 

14 

4 

2.30 

1.58 

3.58  1 

1  16 

6 

1.95 

1.58 

3.45  ! ; 

16 

6 

1  2. 15 

1.52 

3.;*)  1 ' 

i  17 

7 

2.05 

1.35 

3.10  1 

]  18 

8 

:  2.25 

1.52 

3.20  1 

:  19 

9 

;  2.10 

1.5:^ 

3.18  

'  20 

K) 

2.(6 

l.:« 

2.«)  1 

21 

11 

1  2.05 

1 

1.55 

2.05  

22 

1 

1 

Oct.    Nov 


I 


1.95 
1.75 
1.65 
1.80 
1.50 
1.45 
1.52 
1.30 
1.35 
1.50 
1.30 


1.35 
1.22 
1.15 
1.08 
1.62 
1.50 
1.38 
1.30 

l.:j5 

1.22 
1.00 


1.35 
1.70 
2.70 
3.30 
3.00 
3.75 
4.00 
4.10 
4.20 
4.22 
3.85 


Dec. 

Day. 

19ne. 

-..-.- 

33... 

24  . 

25... 

.....  1 

26  .. 

27  .. 

1 

28... 

1 

29... 

1 

ax.. 

1 

1 

1 

31... 

Sept.   C>ot.     Nov.  IM- 


1.55 

1.28 
I  1.50 

>  1.00 

I  i.eo 

,  1.68 

I 


^      t 


1.15  :i.«^» 

1.28  3.a» 

1.48  a45 

1.711  n.:Bi 

1.70  ».5i) 

2.55  3.20 

2.112  a.u> 

ti.52    

aai    


SHKYENNE  RIVER  AT  HAGGART,  N.  DAK. 

This  Station  was  established  March  22,  1902,  by  Charles  M.  Hall. 
It  is  located  near  the  way  station  of  Haggart,  on  the  Northern 
Pacific  Railroad,  5  miles  west  of  Fargo,  N.  Dak.  The  gag^e  is  a  plain 
staff  graduated  to  feet  and  tenths  attached  to  the  bridge.  It  is  ivad 
daily  by  James  llaggart,  jr.,  who  lives  about  half  a  mile  from  th** 
bridge.  The  channel  is  straight  both  above  and  l)elow  the  river.  Thf 
bed  of  the  stream  is  of  clay  and  slightly  shifting. 

During  1902  the  following  discharge  measurements  were  made  h\ 
C.  M.  Hall: 

April  30:  Gage  height,  7.90  feet;  discharge,  648  second-feet. 
May  31:  Gage  height.  5.50  feet;  discharge,  846  second-feet. 
September  30:  Gage  height,  3.70  feet;  discharge,  49  second-feet. 


oGage  height  read  on  Geologrical  Survey  gage. 

b  Daily  gage  heights  read  on  engineers'  gage:  add  6.0()  feet  to  reduce  to  U.  S.  Qeol.  Survey  «»«p 
datum. 
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Ikiily  gage  height,  in  feet ^  of  Sheyenne  River  at  Haggart,  N.  Dak. 


Day.                     1  Mar. 

Apr. 
13.00 

May. 
8.00 

June. 
5.50 

Jnly. 
4.10 

Aug. 

_ 

3.80 

Sept. 

Oct. 
3.70 

Nov. 

1902.                     ' 
1 ! 

3.80 

8.90 

t U.W 

8.10 

5.80 

4.20 

3.80 

3.80 

3.90 

3.90 

3_ _ 15.90 

8.10 

5.70 

4.50 

4.00 

3.80 

3.90 

3.90 

4 ,    16.20 

8.00 

5.50 

4.40 

4.10 

3.80 

4.00 

8.90 

;j ' 

16.50 
17.00 

8.10 
8.00 

5.50 
5.40 

4.30 

4.20 

4.00 
3.90 

3.80 
3.80 

8.90 
3.80 

3.90 

6 1 

4.00 

7 1 

17.20 
17.40 

7.90 

7.80 

5.40 
5.40 

4.20 
4.10 

3.70 
8.80 

3.80 
3.80 

3.70 
4.00 

4.00 

8. 

4.00 

9 1    18.00 

7.60 

5.70 

4.00 

3.80 

3.80 

4.00 

10 18.00 

7.60 

6.10 

4.30 

3.70 

3.80 

4.10 

11 _ L 18.00 

7.50 

6.50 

4.20 

3.70 

3.80 

8.90 

12 _ i 17.00 

7.50 

6.70 

4.20 

3.60 

3.70 

8.70 

13 ' 16.40 

7.60 

6.60 

4.00 

3.60 

3.70 

3.70 

14 

16.00 

7.40 
7.20 
7.00 
7.20 
7.00 
7.10 
7.20 
7.20 

6.20 
5.70 
5.30 
5.20 
5.10 
5.00 
6.00 
4.90 

3.80 
3.80 
3.70 
3.90 
4.00 
4.00 
3.80 
3.70 

3.80 
3.80 
3.60 
3.60 
3.40 
3.40 
3.60 
3.70 

3.70 
3.70 
8.60 
3.60 
3.80 
3.90 
3.80 
3.90 

3.70 
3.60 
3.60 
3.70 
3.80 
3.90 
4.00 
3.90 

1.5 1 

15.80 
15.50 
15.20 
15.00 
14.80 
14.80 

1 
16 , 

1 

17 

1 
18 ,.„ 

19 

J 

a) ; 

1 

21 

14.20 

22 12.30 

7.30 

4.80 

3.80 

3.60 

3.80 

3.80 

a:^ ' 11. «) 

7.3r) 

4.70 

3.80 

3.80 

3.70 

3.40 

24 '    10.40 

7.40 

4.80 

3.90 

3.80 

3.60 

3. 70 

25 

10.20 
9.80 

7.30 
7.20 

4.80 
4.60 

•I.  00 
3.80 

4.00 
4.10 

3.80 

4.00 

4.20 
4.40 

26 ' 

27 

9.20 

6.90 
6.60 
6.31) 

4.40 
4.50 
4.40 

4.00 
4.5(» 
4.00 

4.00 
4.00 
3.80 

4.10 
4.00 
4.00 

4.2J) 

4.  a) 

4.10 

28 

8.60 
8.00 

29 tt.a) 

31) '    10.20  1      7.90 

6.00 

4.20 

3.W) 

3.70 

3.80 

4.00 

31 

12.10 

5.60 

3.80 

3.60 

4.00 

RED   RIVER  AT   FARGO,    N.  DAK. 

ITiis  station  was  established  by  C.  M.  Hall  May  27,  1001,  and  is 

located  at  the  brid^^e  connecting  Front  street,  Fargo,  X.  Dak.,  and 

Main  street,  Moorhead,  Minn.     The  gage  consists  of  a  1  by  8  inch 

board,  painted  white,  graduated  to  feet  and  tenths  in  black,  and 

attached  to  the  east  side  of  the  bi-eakwater  for  the  center  pier  of  the 

bridge.     The  ssero  of  the  gage  is  44.45  feet  telow  the  top  of  the  plank 

walk  of  the  bridge  over  the  gage  and  is  860.9  feet  above  sea  level,  the 

elevation  having  been  determined  by  leveling  from  top  of  rail  of 

Northern  Pacific  station,  Moorhead,  Minn.     The  danger  line  is  at  26.5 

feet.     Above  the  station  the  river  curves  to  the  west.     The  west  bank 

is  high  and  steep;  the  east  bank  low  and  subject  to  overflow  at  times 

of  high  water.     Measurements  are  made  from  the  bridge.     The  river 

bed  consists  of  soft  mud.     The  observer  is  H.  W.  Grasse,  United 

States  Weather  Bureau,  Moorhead,  Minn. 
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During  11H)2  the  following  discharge  measurements  vrere  made  hj 
C.  M.  Hall : 

May  2:  Gage  height,  8.15  feet;  discharge,  SoS  tjecx^nd-feet. 
May  20:  Gage  height,  9.87  feet;  discharge.  1 ,240  second-feet. 

Daily  gage  height,  in  fe^t^  of  Red  River  at  Fargo,  X.  I>cJc, 


Day. 

Feb. 

Mar. 

8.70 

Apr. 

May. 

8.10 

June. 
9.20 

July.  ' 
9.30  1 

Aug. 

8.20 

Sept. 
7.70 

■ 

Oct.     1 

1 

7.a>  1 

Kov.       D^ 

1902. 
1  

9.00 

7.50         il* 

2 

1 

8.70 

8.90 

8.a) 

9.10' 

9.20  ' 

8.20 

7.70 

7.30  I 

7.60         6.* 

3 

1 

8.70 

8.fl0 

8.10 

9.10 

9.20 

8.30 

7.70 

7.30 

7.40    

4 

8.70 

8.*) 

8.10 

9.20 

9.30 

8.40 

7.70 

7.30 

7.40   

5 

«.7t) 

8. 10 

8.00 

9.60 

9.4() 

8.  .50 

7.70 

7.  .30 

7.30   

6 



8.70 

8.W 

8.10 

9.60 

9.40 

8.60 

7.70 

7.;«> 

7.30     ... 

i 

8.70 

8.00 

8.30 

9.80 

9.60 

8.40 

7.70 

7.;«> 

7.  a)  .. 

H 



8.70 

8.00 

8.50 

9.90  1 

9.50 

8.30 

7.60 

7.30 

7,30     ... 

9 



8.fi0 

8.(X) 

8.fl0 

10.  tt) 

9.40 

8.:» 

7.60 

7.» 

7-00   ... 

10 

8.30 

8.30 

8.80 

10.10 

9.30 

8.20 

7.60 

7.390 

«.90     .  .      - 

11 

8.30 

8.30 

8.80 

10.10 

9.10 

8.20 

7.50 

7.30 

6.80       .. 

12 

____ 

8.40 

8.30 

8.80 

10.10 

9.10 

8.20 

7.50 

7.ao 

6.80    .   .. 

18 

8.70 

8.20 

8.80 

10.00 

9.10 

8.20 

7.50 

7.10 

6-70 

U 

8,80 

8.20 

8.80 

10.00 

9.10 

8.20 

7.50 

7.10 

6.7t3 

15 

9.00 

8.20 

8.70 

9.90 

9.10 

8.20 

7.50 

7.10 

7.00  '..   . 

16 

9.80 

8.20 

8.20 

9.80 

9.10 

8.20 

7.50 

7.00 

7.3D    

17 

1 
1 

10.30 

8.20 

8.50 

9.70 

9.00 

8.10 

7.50 

7,00 

7.60    .... 

18 

.  - .  - . 1 

10.30 

8.10 

9.00 

9.70 

8.9(1 

8.00 

7.40 

7.00 

7.W    

19 

j 

9.50 
9.10 
9.00 
9.10 

8.00 
7.90 
7.80 
7.80 

9.30 

9.80 

10.00 

10.4(1 

9.70 
9.70 
9.70 
9. 70 

8.80 
8.70 
8.70 
8.flO 

7.90 
8.00 
8.00 
7.90 

7.40 
7.40 
7.40 
7.40 

7.00 
7.00 
7.00 
6.90 

7.80    

20 

t 

1 

7.«0      

21 

' 

7.80   .   .. 

22 

7.80       .. 

23 

9.20 

7.80 

10.50 

9.70 

8.80 

7.90 

7.40 

7.a) 

7.80 

24 

.. 

9.:*) 

7.80 

10.30 

9. 70 

8.50 

7.90 

7.40 

7.10 

7.80     

26 

i.m  \ 

9.4<> 

7.90 

10.  »l 

9.70 

8.50 

7.90 

7.40 

7.30 

7.Jt»    

28.-.. 

8.2()  1 

9.50 

7.90 

10.40 

9.70 

8.4() 

7.80 

7.40 

7.60 

7.71H 

27 

H.4<)  1 

9.80 

8.00 

10.(«) 

9.  HO  1 

8.30 

7.80 

7.4<» 

7.7t) 

7.60    ....  . 

28 

8.70  ' 

9.80 

8.00 

9.  HO 

9.50  1 

8.20  ' 

7.80 

7.4<> 

7.Hr) 

7.40 

29 

. 

10.00 

7.90 

9.00 

9.50 ; 

8.10 

7.90 

7.40 

7.W 

7.  Ill 

30 

. 

9.51) 

7.90 

9.44) 

9.40 

8.20 

7.80 

:.:«) 

7.71) 

R.  ?f »      . . 

31. 



9.10 



9.30 

8.20 

1 

7.70 

-- 

7.,tO    .. 

DKVlLS  l.AKK   AT  DK\  ILS  LAKE,  N.  DAK. 

This  station  was  established  byC.  M.  Hall,  J  line  8, 11*01,  and  is  locat^^l 
at  the  boat  landing  at  the  ( -hautauqua  grounds,  <>  miles  southwest  of 
Devils  Lake  station,  North  Dakota.  The  object  of  inaint4iiuiii|^  a  gap 
record  on  Devils  Lake  is  to  ascertain  the  fluctuations  in  its  water  level. 
which,  during  past  years,  has  been  steadily  falling,  the  drop  in  thf 
last  nineteen  yeans  amounting  to  as  much  as  10  or  12  feet.  The  lake 
has  no  regular  outlets  and  its  watens  are  salt.  It  is  hoped  that  a 
study  of  such  records  will  lead  to  important  conclusions  relating  Xo 
evaporation  from  the  lake  surface.  The  gage  consists  of  a  2  by  8  inch 
plank,  painted  white,  grooved,  and  graduated  to  feet  and  tenths,  and 
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ttached  to  the  middle  of  the  north  row  of  piles  of  the  Chautauqua 
oat  landing. 

A  United  States  Geological  Survey  bench  mark  is  placed  on  the  shore 
f  the  lake  3  rods  west  of  the  Chautauqua  gate,  which  opens  to  the 
oat  landing.  It  corresponds  to  the  height  of  the  lake  in  June,  1879, 
rhich  was  preserved  by  a  hard-wood  post  driven  level  with  the  water 
>y  Capt.  E.  E.  Heerraan.  The  bench  mark  is  1,439.08  feet  above  sea 
3vel.  The  zero  of  the  gage  is  22.90  feet  below  the  bench  mark.  The 
bserver  is  Capt.  E.  E.  Heerman. 

The  following  gage  readings  were  taken  during  1902: 

Gage  Jieights  of  Devils  Lake  in  190:^, 


Lpril  23 Lake  opened 

^pril25 13.55 

^pril29 13.60 

V.prU30 _--     ...  13.60 

fcfayS -.  13.80 

tfay7 13.85 

tfay24 13.95 

rtmeo 14.00 

Tune  10 _  13.95 

Fune  13_    _   ._. 14.10 

Jnne  22 14. 00 


June23_._ 13.97 

June  27 13.95 

Jnlylo 13.70 

August  7 13.50 

August  23 13.70 

September  13... 13.20 

September  28 13.20 

October  12 13.10 

October22.   13.05 

November  15 13.00 

November  15 Lake  closed 


The  following  table,  furnished  by  E.  E.  Heerman  of  Devils  Lake, 
X.  Dak.,  gives  the  dates  for  the  past  twenty  years  of  the  opening  and 
closing  of  Devils  Lake,  between  Devils  Lake  and  Fort  Totten,  N. 
Dak.  This  part  of  the  lake  is  larger  and  deeper;  consequently  freezes 
over  later  than  other  parts  of  the  lake,  and  opens  later  on  account  of 
the  greater  body  of  ice.  It  has  been  known  to  freeze  44  inches  thick 
at  this  point. 

I>ate  of  oj}ening  aud  doaing  of  Devih  Lake.  N.  Dak, 


Year. 

Oijened. 

1882.   ... 

1W8 

Mays.  .. 
Mav  31-  . 

1HH4 

1885 

May  12 . 
Apriiatt.. 
May  7.... 
April  25.. 
April  1«.- 
Apriia). 
April  28   . 
May  7.-.- 

1887 

1888.. 

18W». 

1890... 

\m\ 

18H2 

(n<jHed. 


Year. 


Ojjened. 


November  \V  or  2i». 

November  18. 

November  1«. 

November  14. 

November  11. 

Novemljer  Itt.  , 

NovembiT  15. 

I 
November  14. 

Novem.ber  'HI 

Lost  (late  N  ovember ) .  i 

November  7.  i ' 


18«:^  ...    May  14. 

IWH Mays... 

\im Apriin 

18»«   ...  Mays   . 

18«7. do... 

I8a8. Ai)ril28. 

Mm.  -. May  10. 

1900 April23 

IHOl  .- April24. 

19(tt ,  April  28. 


Cloued. 

November  11. 
November  15. 
November  7. 

Do. 

Do. 
Novem.ber  IS. 
December  2. 
November  12. 
November  14. 
November  15. 
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Pty?e. 
iWxjtts  Ferry,  California,  stream  meas- 
urements at 158 

Llvetriz  ditch,  California,  seepage  of 181 

inuidor  ditch,  California,  measurements 

of 158 

im<»ric-an    River,    California,    measnre- 

mentji  of 158 

imerican     Valley,     California,    stream 

measurements  in 157 

Inimas  Biver,  Colorado,  location  of 16 

measurements  of 35-^ 

ingel's  ditfh,  California,  measnrementB 

below  intake  of 159 

Lntelope  Valley,  California,  strenm  meas- 
urements at  upper  end  of 108 

ln*oyo  Seco,  California,  measurements 

of 163-165 

Vsh  Canyon  Creek,    Nevada,   measure- 
ments of 126 

Vshley  Creek,  Utah,  measurements  of .. .  71-T,i 

\shley  River,  Utah,  location  of 16 

&.ubum,Cal.,8treammeasurementsnear.  158 
\zu.sa,  Cal ,  stream  measurement*  at  - .  167-171 
Baby  Ruth  weir,  California,  stream  meas- 

urementsat 178 

Baird,  Cal.,  stream  measurements  at 156 

BakorHfleld,  Cal.,  stream  measurements 

near 154-155 

Balls  Ferry,  Cal.,  stream  measurements 

near 157 

BallH  Ferry  Bridge,  California,   Sacra- 
mento River  at,  measui'ements 

of 156 

Balls  Ferry  Flour  Mills,  California,  stream 

measurements  at 157 

Banta  ditch,  California,  measurements  of.  177 
Battle  Creek,  California,  measurements 

inditchof 157 

Battl(^  Creek  Bridge,  California,  Sacra- 
mento River  at,  measuremeutfl 

of 157 

Biittlecre<^k,  Idaho,  stream  measurements 

at 8JWH 

Bay  ( Vmnties  Power  ComjMiny's  dam,  Cali- 
fornia, stream  measurements 

below 157 

Bay  Counties  Power  Company's  flume, 

California,   str<«im    niea«ui*e-  ' 

mentsat 157  | 

B<>am(litch,  California,  natural  flow  in..      180 
B^-ar Creek,  California,  measuremenls of.      IGO  ! 
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Bear  River,  measui'ements  of,  at  Battle- 
creek,  Idaho i^^Si 

measurements   of,   near    Collinston, 

Utah 80-82 

miscellaneous  measurements  of 158 

Bennett  &  KoUey  ditch,  California,  meas- 

urementflof 162 

Bidwell  Bar,  California,  stream  measure- 
ments at ^ 157 

Big  Bend,  California,  stream  measure- 
ments at  157 

Big    Bend    Tunnel,   California,    stream 

measurements  at 157 

Big   Blackfoot  River,   Idaho,   measure- 
ments of 216 

Big  Canyon,  California,  measurements  uf .      158 

Big  Creek,  Calif  oraia,  measurementsof .  160-161 

Big  Meadows,  California,  stream  meas- 
urements at 157 

Big  Spring  Branch  of  Feather  River,  Cali- 
fornia, measurements  of 157 

Big   Trees   Creek,  California,  measure- 
ments below  mouth  of 159 

Bitterroot  River,  Montana,  measurements 

of 3(ll-iXI3 

Black   Springs  Creek,   Idaho,  measure- 
ments of 216 

Blackfoot  River,  Idaho,  mouth  of,  meas- 

ments  above 216 

Blacksmith  Fork,  Utah,  measurements 

of 84-86 

Blue  Canyon  Creek,  California,  measure- 
ments of 160 

Blue  Creek,  Little,  Colorado,  measure- 
mentsof          77 

Blue  Lakes,  Idr.ho,  stream  mwisurements 

at.. 216 

Blue  Lakes  Ci*oek,  Idaho,  measur(»ments 

of 216 

Blue    Ravine   mine,    C-alifomia,    stream 

measurements  at 158 

Boca,  Cal.,  stream  measurements  near  ..      122 

Boise,  Idaho,  rej^ular  gaging  station  at, 

stream  measurements  of 211 

stream  measurements  near 2(  7-210, 216 

Boise  River,  Idaho,  measurements  of  ..  /i<)7-211 
seejwge  meaj^urements  made  on,  sum- 
mary of 212 

IJoise  Valley,  Idaho,  miscellaneous  stream 

measurements  in 211 

seepage  in 210 

241 
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Bf )iso  Vallfv  (»nal,  Idaho,  measureinents 

of 211 

Boiiner,  Idaho,  stream  measurementB  at .      216 

Bonton  Mills  power   house,   California, 

measurements  in  flume  at 160 

Bowman's  reservoir,  California,  discharge 

from 157 

Bradley's  home  ranch,  Nevada,  stream 

measurements  at 108 

Bridal  Veil   Creek,  California,  measure-     • 

mentsof 180 

Bridgeport,  Cal.,  stream  measurements 

below JgQ 

Bridgeiwrt  Bridge,  California,  Yuba 
Biver  (South  Pork)  at,  meas- 
urementsof 157 

Bruneau    River,   Idaho,    measurements 

of 212-313 

Brunuell  Hotel,  California,  West  Branch 
of  Feather  River  at,  measure- 
ments of 157 

Bruns  Creek,  California,  measurements 

of 128 

Bubl>s  Creek,  California,  measurements 

of 161 

Buckeye  Creek,  California,  measurements 

of 125 

Buckley,  Wash.,  stream   measurements 

at  217-218 

Bulls  Head,  Arizona,  stream  measure- 

mentsat 20-21 

Burney,  Cal.,  stream  measurem'Mits  at  ..      156 

Butt  Valley  Creek,  California,  measure- 
ments of 157 

Cache  Creek,  California,  measurements 

of i:«)-ia2,157 

i-uurce  and  coursj  of .127 

Cahoons  place,  California,  Sequoia  Natu- 
I'al  Park  line  on,  stream  meas- 
urements at 161 

CiUdwell  bridge,  Idaho,  BoLse  River  at, 

measurements  of 211 

Caldwell  Canyon,  Idaho,  stream  measure- 
ments in 211 

California,  southern,  stream  measure- 
ments in  drainagre  Ixisin  of..  163-181 

California-Nevada    State    line,    stream 

measurements  at 119-121 

Camp    Carlton,     California,     developed 

waterat 180 

Camp  S(X'0  Biver,  California,  measure- 

mentsof 159 

Carl>on.  Cal.,  stream  measurements  at  ..      156 

Cardston,  Canada,  stream  measurements 

nejir 2^5-226 

(?arr's  ranch,  Colorado,  stream  measure- 
ments at  77 

Carson  River,  miscellaneous  measure- 
ments i n  basin  of 12V126 

Carson  River  (West  Fork).  California, 

measurements  of 1 13-115 

Cui-son    River,    Nevada,    measurements 

of 109-111 

Carson  River  (East  Fork), Nevada, meas- 
urements of  111-113 


Castle  CragK,  Cal.,  stream  measnreinezit'* 
at 

Cate  ditch,  OaUfomia,  measiirenieiits  of.     IT 

Catlin  &  Macey  ditch^  Idaho,  meastLre^ 

mentsof ._ r 

Cayote  Creek,  California,  iiieasiir<>!inenr^ 

of :- 

CeboUa  Creek,  Colorado,  measoreizteiii.'^ 

of „      7 

Cedar  Lake,  Washington,  stsreazn  mea>- 

urementsat 2: 

Cedar    River,    measurements    of,    near 

Maple  Valley,  Wasbin^on..  il-^i- 
measurements  of,  near   Kortbbend. 

Wash rJ 

Cedars,  Idaho,  stream  moasnre-ments  be- 
tween Shoahone  Falls  and f. 

Cherry  Creek,  California,  measnrexEkents 

of i:. 

ChillieBar,  California,  stream  zxnemeear^ 

mentsat iv 

Chillie  Bar  Bridge.  California.  American 
River  (South  Fork>  at,  mea^ 
urementsof i> 

Church  canal,  Calfomia,  meamirementii 

of K 

Cimarron,  Colo.,  stream  measureznentsat      T 

Cimarron  Creek,  Little,  Colorado,  mea^ 

urementsof _ r 

Cimarron  River,  Colorado,  meas$nr«m«>nt5 

of r 

Cippoletti  weir,  California,  headwords  of, 

measurements  at :r 

City  Creek ,  California,  measurements  of.     l> 

Clarke'^  ranch,  Colorado,  strciun  m<ea£>- 

urementsat t: 

ClarksFork,  Stanislaus  River,  California, 
measurements  at  and  near 
mouth  of 1* 

Clear  Creek,  California,  measurements  of ,     !•« 
Kern  River  below,  measurements  of.     It 

Clear  Creek,  Nevada,  measurements  of  . .     15 

Clear  Lake,  California,  evaimration  of V^ 

reservoir  site  at i*: 

Clements    River,    California,    mea«ar«- 

mentsof :v- 

Cliff  camp,  California,  stream  measnre- 

mentsnear i<\ 

Cohn  and  Harvey  ditch,  California,  meas- 
urements at  head  of _ 25 

Cohn's  meadow,  California,  Petersons 
Creek   above,    measurements 


of. 


Coleville,    Cal.,    stream    moasurementsi 

near _ j* 

Colfax,  Cal.,  stream  measurments  near.  1> 
Colliers,  Cal. ,  stream  measurementB  below  1  ^ 
Collinston,  Utah,  stream  measurenient^ 

near _ f«i  ^. 

Colorado  River,  gaging  stations  in  basin 

of : 

irrigation  from j'v  v 

measurements  of,  at  Bulls  Head,  Aris   3^^' 

at  Yuma,  Ariz j;^. 

sediment  carried  by,  amount  of W 
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Colorado  BiTer,  aotirce  and  course  of 16 

stream  ineasnrements  in  l>a8in  of 15-77 

C.^'oltoii,  Cal..,  pumping  plant  at,  develoi>ed 

water  from 180 

Col  ton  Terrace  Water  Co.'s,  Calif ornia« 

developed  water  at 180 

Colnznbia  River,  California,  stream  meas- 
urements in  drainage  basin 
of  181-216 

Coni^iiy  &  Akin  ditches,  Idaho,  meas- 

urementsof 211 

Copper  City,  Cal.,  Silverthom  Ferry  at, 

measurements  of 156 

Squaw  Creek  near,  measurements  of.      156 

Costin  canal,  Idaho,  measurements  of 211 

Crafton  canal,  California,  measurements 

of 180 

Crafton  weir,  California,  Mill  Creek  at, 

measurements  of 180 

Crai^,  Colo.,  stream  measurements  at . . .  74-75 

Crocker  Hoffman  canal,  California,  meas- 

urementsof 160 

Crookera,  California,  stream  measure- 
ments between  Hogranch  and.      159 

Crookston,  Minn.,  stream  measurements 

at 234^235 

Crown  Creek,  California,  measurements 

of 160 

Cucamonga  Creek,  California,  measure- 
ments of 179 

Davis  &  Hart  ditch,  Idaho,  meastirements 

of 211 

Davis  canal,  Idaho,  measurements  of 211 

Davis  ranch,  California,  Kaweah  River, 
North  Fork,  at  lower  end  of, 
measurements  of 161 

Deer  Creek,  California,  measurements  of.      160 

Deetb,  Nev.,  stream  measurements  near.      106 

Dolhl  mine,  California,  stream  measure- 
ments below 157 

Democrat    Springs,   California,    stream 

measurements  at 162 

Devils  Lake,  North  Dakota,  measure- 
ments of 238-299 

stream  measurements  at 238-2!i9 

Diamond  Valley,  California,  stream  meas- 

urementsat 125 

Dinkey  Creek,  California,  measurements 

of 160 

Division  weir,  California,  stream  meas- 
urements at 178 

Dixon,  Colo. ,  stream  measurements  near.       77 
Dogtown    Creek,    California,    measure- 

mentsof — 125 

Dolores,  Colo., stream  measurements  at. .  41-42 

Dolores  River,  Colorado,  measurements 

of 41-42 

source  and  course  of 16 

Donner  Creek,  California,  measurements 

of 123 

Dotta  OP  Lower  Big  Spring,  California, 

measurements  of 157 

Doyle  Power  ditch,Oalif  omia,  head  works 

of , stream  measurements  near.      161 
Dressier  Creek,  Nevada,  measurements 

of 126  . 


Page. 

Dry  Creek  canal,  Idaho,  measurements  of.     211 

Dubois,  Colo.,  stream  measurements  be- 
tween Spencer,  Colo.,  and 77 

Duchesne  River,  Utah,  course  of 16 

measurements  of 55-58 

Durango,  Colo.,  Animas  River  at,  meas- 

ments  of :i5-37 

Florida  River  near,  measurements  of.  37-39 

flagle  Island,  Idaho,  stream  measure- 
ments at  211 

East  Branch  (Feather  River),  California, 

mcasuiHiments  of 157 

E^t  Mount  Moses,  Cal.,  stream  measure- 

mentsat 161 

Edison  Electric  Co.,  California,  cable  of, 

stream  measurements  at 162 

Edwards  Bridge,  California,  Yuba  River 
( South  Fork )  at,  measurements 
of 157 

Eleanor  Ci*eek,  Califoimia,  measurements 

of 159 

Electra,  Cal.,  stream  measurements  at 

and  near 158-159 

Electric    Light    Works    waste,    Idaho, 

measurements  of 211 

Elk  River,  Colorado,  measurements  of 77 

Elko,  Nev.,  Humboldt  River  near,  meas- 
urements of 103-105 

Humboldt  River  (South  Fork)  near, 

measui'oments  of 101-103 

Ellis  canal,  Idaho,  measurements  of 211 

Emerson,  Canada,  stream  measurements 

at 233-234 

Empire,    Nev.,    stream    measurements 

near 109-111 

Enterprise,  Cal.,  stream  measurements  at     157 

Enterprise  canal,  California,  measure- 
ments of 161 

Eureka  canal,  Idaho,  measurements  of  . .      211 

Eureka  Lake  Co. 's  ditch ,  California,  meas- 
urements of 157 

Evans  ditch,  California,  seepage  of 181 

Evans  Island  ditch,  California,  seepage  of     181 

Excelsior  Mining  and  Irrigation  Co.'s 
canal,  California,  measure- 
ments of 157 

Fairview  Creek,  Nevada,  measurements 

of 128 

Fall  River,  California,  measurements  of .      156 

Fall  River,  Idaho,  measurements  of 215-216 

Fall  River  Mills,  Cal.,  stream  measure- 

mentsat 156 

Falls  Creek,  California,  measurements  of     159 

Fargo,  N.  Dak.,  stream  measurements 

at 2:^-238 

Farmer's  Union  canal,  Idaho,  measure- 

mentsof 211 

Faucherie    Lake,   California,   discharge 

from 157 

Feather  River,  California,  measurements 

of 13:3-1*5,157 

source,  di*ainage  basin,  and  general 

features  of 127-128 

Florida  Ri  ver ,  Colorado,  location  of 16 

measurements  of 37-39 

Folsom ,  Cal . ,  stream  measurements  near.     158 
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ForbeH,  R.  H.,  cited  on  sediment  carried 

by  Colorado  Ri  vor 15 

Fort  Crawford,  Colo.,  stream  measure- 

mentsat 77 

Fort  Duchesne,  Utah,  stream  measure- 
ments at  01-65 

Fort    Mountain,  Cal.,  stream   measure- 

mentsnear 158 

Fountain  of  Life  Spring  weir,  California, 

stream  measurements  at 178 

Fowler  Switch  canal,  California,  measure- 
ments of 161 

Freemans  Bridge,  California.  Yuba  lil ver 

(Middle   Fork),  below,  meas- 

urementsof 157 

French  Lake,  California,  discharge  from.  157 
Fruto,  Cal.,streammeasurementMnear . .  185-137 
Gage  canal,  California,  developed  water 

in _      180 

Gardnerville,    Nev.,    stream     measure- 

mentsnear 111-113 

Gate  View,  Colo.,  stream  measurements 

at 77 

G^enoa  Creek,  Nevada,  measurements  of.  126 
Gibbon,    Oreg.,   stream     measurements 

at 183-185 

Gila  River,  Arizona,  measurements  of . . .  3^-35 

miscellaneous  measuremen  ts  of 77 

source  and  course  of 16 

Glen  wood  Springs,  Colo.,  stream  meas- 

urementsat 48-50 

Golconda,   Nev.,  stream  measurements 

near 98-l(X) 

Goldwin  Mining  Company,    California, 

measurements  in  flume  of 159 

Goodwin  Mill  or  Penault  canal,  Idaho, 

measurements  of JJII 

Grand  Forks,  N.  Dak.,  stream  measure- 
ments at  235-2^6 

Grand  River,  measurements  of,  at  Glen- 
wood  Springs,  Colo 4H-50 

measurements    of,    near    Pali.sades, 

Colo 46-4^ 

near  Piney  Creek,  Colorado 77 

sourceand  courseof 16 

Grandview,  Idaho,  stream  meiisui-ements 

at 212-213 

Gi'anite  Creek,  California,  measurements 

of 160-161 

Granthdale.  Mont.,  stream  measurements 

near 201-203 

Green  Creek,  California,  measurements 

of 125 

Green  River,  Wyoming,  measurements  of  75^77 

source  and  course  of 16 

Greenhorn  River,  California,  mouth  of, 

flow  at 15S 

Greenriver,  Wyo.,sti"eam  measurements 

at 75-77 

Gunnison,  Colo.,  stream    mea.surements 

near 77 

Gunnison,  Utah,  San  Pit<-h  River  near, 

measurements  of 94-96 

Sevier  River  near,  measurements  of.  88-90 
Gunnison  River,  measurements  of ,  at  lola, 

Colo 44-4<J 


Par 
Gunnison   River,  measurements   of.  at 

Whitewater,  CJolo.-. 6^ 

Ea<*kett  Meadow,  California.,  lower  end 

of,  stream  measurements  at  .     K 
Haggart,  N.  Dak.,  stream  measurements* 

at _ S^^sz 

Halleck,  Nev.,     stream     measurements 

near :s 

Hamilton,  Colo. ,  stream  measurements  at  T 
Hamilton  Bridge,  California,  Blast  Branch 

of  Feather  River  at,  meaauv^ 

ments  of 15: 

Hat  Creek,  California,  measaretnents  of.  !>' 
Hawkins    Creek,    California,     m««sare- 

mentsof 15. 

Hay  den,  Colo.,  stream  measurements  at.  '■ 
Heitmans,  Nev.,  spring  near,  dischargeof  > 
Henkel's  ranch,  Montana,  Swiftcun^emt 

Creek  at.  measurements  of..  SS:*-^- 
Herndon,  Cal.,  stream  measurements  at .    U'-^ 


Hetch  Hetchy  Valley,  Califomia,  lower 
end  of,  stream  measurements 

at _ 

upper  end  of,  stream  measurementsat     I  v 

Highlands    canal,   California,    measure^ 

mentsof _ I'll* 

Hirze  Mountain,  California,  stream  mea»- 

urementsat _ l^ 

Hog  ranch,  Califomia,  stream  measure- 
ments between  Crockers  and .     I> 

Hooper,    Wash.,   stream    measurements 

near arj^:?i» 

Hooper  ditch,  California,  measurementsof     !k: 

Horse  Creek,  California,  measurements 

of \'\ 

Horseshoe  Bend,  Califomia,  stream  mcad- 

urementsat H' 

Hot   Springs,   Cal.,    Thurston    ditch   cm 

road  to,  measi- rements  of I'd 

Hoys  Bridge,  Nevada,  stream  measure- 
ments at ?5 

Hudson  Bay,  drainage  hatpin  of,  stream 

measurements  in zS^i-ifr 

Huff  Bar,  Califomia,  stream    measure- 

mentsat i" 

Humboldt    River,  measurements  of,  at 

Palisade,  Nev n 

measurements   of,  below  Pitt    «i«wi 

Nevada ir* 

near  Elko,  Nev l»T-^:»'i 

near  Golconda,  Nev ^..  Stij*' 

near  Oreana,  Nev _ av* 

miscellaneous  measurements  in  basin 

of U4 

Humboldt  River  (North  Fork),  Nevada. 

measurementsof iii 

Humboldt  River  (South  Fork),  Nevada. 

measurementsof Ii^l-IG 

Huntoon  ranch,  California,  stream  meas- 
urements below 15 

Hydraulic  Mining  Company ^s  canal,  Cali- 
fornia, measurements  of i**- 

Hydrographers,    resident,    in     various 

States  and  Territories U-U 

Hyrum,  Utah,  stream  measurements  at .  H-^**^ 
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laniosa  Water  ComxMuiy,  California,  bead 
works    of,    stream    measnre- 

mentsabove 179 

Ideal  Valley,  California,  Ktream  measure- 

mentsat 160 

IgTiat'io.  Colo.,  stream  measurements  at..  3&-4() 
Illilouette    Creek,    California,   measure- 

mentsof 160 

Iinix?rial  canal,  Arizona,  location  and  pur- 
pose of 15-16 

meaEnirements  of 77 

Independence  Creek,  Cajif  ornia,  measure- 
ments of  121-122 

Intlt'pendence  Lake,  California,  measure- 
ments below 121-122 

Index,     Wash.,    stream     measurements 

near 222-223 

Indian  Agency,   California,   Tule  River 

below,  measurement*  of Ifil 

Indian  Creek,  California,  measurements 

of 125 

Indum  Beserration,  California,  stream 
measurements  between  Nel- 
son and 161 

Indian  Valley,  California,  stream  meas- 
urements in  157 

International  boundary,  stream  measure- 

mentsat 77 

Interior,  stream  measurements  in  drain- 
age tMisin  of 78-126 

lola,  Colo.,  stream  measurements  at 44-46 

Iowa  Hill  road  bridge,  California,  Ameri- 
can River  ( North  Fork)  above, 

measurements  of 158 

Irish- American  ditch,  Nevada,  measure- 
ments of 124 

Iron  Canyon,  California,  stream  measure- 
ments at  137-141 

Irrigation  projects  in  western  half  of 
United  States,  location  of.  max^ 

showing 12 

Lsal>ella,  Cal.,  stream  measurements  Ije- 

tween  Kemville  and 162 

Jackass  Creek.  California,  measurements 

of IflO 

Ja<'ks  Valley  Creek,  Nevada,  measure- 
ments of 128 

Jacksonville,  Cal.,  stream  measurements 

at 160 

Jacobs  canal,  Idaho,  measurements  of.  . .      211 
James  Canyon  Creek,  Nevada",  measure- 
ments of  12.5 

Jellys  Ferry,  California,  stream  measure- 

mentsat 137-141 

Julian's  ranch,  California,  stream  meas- 
urements at 135-137 

Junction  Valley,  Utah,  seejmge  in 94 

water  diverted  for  irrigation  in 92, 94 

water  entering 90,94 

water  leaving 93-94 

Kaweah  River,  California,  miscellaneous 

measurements  of Iffl 

Kern  River.  California,  irrigation  from.      129 

measurements  of 154-155. 162 

K'  m  River,  Little,  California,  measure- 

mentsof 1(12 
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Kern  River  Power  Company,  Cal.,  power- 
house of  .Kern  River  at,  meas- 
urementsof 162 

Kernville,    Cal.,   stream    measurements 

between  Isabella  and 162 

King  City,  Cal.,  stream   measurements 

near 166-167 

King  River,  measurements  of,  at  Kings- 
burg,  Cal 149 

measurements  of,  near  Sanger,  Cal.  150-151 

miscellaneous  measurements  of 160 

source  and  regimen  of 128-129 

Kings  Canyon  Creek,  Nevada,  mea.sure- 

mentsof 126 

Kingsburg,  Cal.,  stream  measurements 

at 149,161 

Kingsburg  canal,  California,  measure- 
ments of 161 

Kingsbury  Creek,  Nevada,  measurements 

of 128 

Kiona, Wash.,  stream  measurements  at.  186-188 

Knights  Ferry,  Cal..  stream  measure- 
ments below 159 

Lagrrange,    Cal.,   stream    measurements 

at 142-146,160 

Lagrange  dam,  California,  stream  meas- 
urements above leo 

Lagrange    ditch,    California,    measure- 

mentsof 160 

Lake  Creek,  Utah,  measurements  of 68-61 

Lake  Eleanor  ti-ail  crossing,  California, 

stream  measurements  below.      159 

Lake  Fork,  Colorado,  measurements  of..        77 

Lakeport,  Cal. ,  evax)oration  at 138 

Lamburger  &  Ryan  ditch,  Idaho,  meas- 
urements of 211 

Lancha  Plana  dam,  California,  stream 

measurements  below 159 

I^aurel  Creek,  California,  stream  meas- 
urements between  Ockenden 
and 180 

Lathos  Creek,  Colorado,  measurements  of       77 

Leland,    Utah,    stream     measui*ements 

near 52-55 

Lemon  Cove,  Cal., stream  measurements 

between  Three  Rivers  and...      161 

Lippincott,  J.  B. ,  work  done  by 16 

Livingstone,  Ariz.,  Salt  River  near,  mea»^- 

urementsof 25-29 

Tonto  Creek  near,  measurements  of. .  29-32 

Little  Grass  Valley,  California,  stream 

measurements  in 157 

Logan,  Utah,  stream  measurements  at . .  8«l-87 

Logan  River,  Utah,  measurements  of 86-87 

Long  Valley  Creek,  measurements  of, 
at  Diamond  Valley,  Califor- 
nia        125 

measurements  of,   at   Long    Valley 

reservoir  site,  Nevada 125 

above  Springmeyer's  ranch,  Ne- 
vada      "125 

Long  Valley  reservoir  site,  Nevada, 
stream  measurements  at  dam 
at 12> 

Los  Pino.s  River,  Colorado,  location  of 18 

measurements  of 39-40 
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Love  CYeek,  California,  measurements 
below  junction  of  Moran 
Creek  and 15© 

Lower  lake,  C^alifomia,  stream  measurc- 

mentaat 130-132 

Lytle  Creek,  California,  measurements 

of 179 

McCarty  canal,  Idaho,  measurements  of.      211 

McCloud  River,  California,  measure- 
ments of LW 

McCoy's  ranch,  Colorado,  stream  meas- 
urements near 77 

McDowell,  Ariz.,  Salt  River  at,  measure- 

mentsof 23-25 

Verde  River  near,  measurements  of..  21-23 

McFarlands    bridge,    California,     Tule 

River  at,  measurements  of 161 

Main,  Mont.,  stream  measurements  at.  22&-228 

Mancos,  Colo. ,  stream  measurements  at . .       77 

Mancos  River,  Colorado,  measurements 

of 77 

Maplevalley,  Wash.,  stream  measure- 
ments near 218-219 

Marble  Fork,  Eaweah  River,  California, 

measurements  of 161 

Marys  River,  Nevada,  measurements  of.     106 

Marysvale  Valley,  Utah,  water  diverted 

for  Irrigation  in 98,94 

water  entering 90,94 

water  leaving 93-94 

seeiiage  in 94 

Marysville,  Idaho,  stream  measurements 

near 216-216 

Mason  Slough,  Nevada,  measurements  of.     125 

Mason  Valley,  Nevada,  stream  measure- 

mentsin 125 

MaHon's  ranch,  Nevada,  stream  measiire- 

mentsat 101-108 

Matilija,  Cal..  Ventura  River  at,  measure- 
ments of 177 

Meadow  View  Hotel,  (California,  stream 

measurements  near 157 

Meeker,  Colo.,  stream  measurements  at..  50-52 

Meeks  &  Daley  ditch,  California,  natural 

flowiu 1«0 

Mendote,  Cal.,  stream  measurements  at.      160 

Merced  Falls,  Cal.,  stream  measurements 

above 147-148 

stream  measurements  near 160 

Merced  River,  California,  drainage  area 

of 128 

measurements  of 147-148,160 

Meritt  ditch,  Nevada,  measurements  of..      125 

Middle  Fork,  Kaweah  River,  California, 

measurements  above 161 

Middle  Fork,  San  Joaquin  River,  Califor- 
nia, measurements  of 160 

Middleton,  Idaho,  waste  east  of,  meas- 
urements of '211 

Middleton  Canal  Comiiany  canal,  Idaho, 

measurements  of 211 

Middleton  Mill  Slough,  Idaho,  measure- 

mentsof 211 

Middleton  Water  Company  canal,  Idaho, 

mea.surements  of 211 

Mill  Creek,  California,  measurements  of  .159, 179 


Miller  &  Lux  canal,  California,  mea&tirr 

mentsof . 

Miller  Bridge,  California,    San  Jfaq-ui-:^ 

River  alx)ve,  measurement's^  •  ' 
Milton  (now  Angels)  ditch,    Calif <«maiL. 

measurements  of 

Minidoka,  Idaho,  stream  -  measnremftxiro 

near _ _ r* 

Mink,  Cal.,  stream  measurements  near  . . 
Missoula,  Mont.,  stream   measuremen'*'- 

at K'  - 

Missoula  River,  Montana,  measurement^ 

of l-»- 

Mohave  River,  California,  measuremenr^ 

of __. i:-  ■ 

Mokelumne  ditch,  California,   measorv- 

ments  of 

Mokelumne  River,  California,   miscel^- 

neouB  measurements  of 1-V- 

Mono,  Cal.,   stream    measurements  be- 
tween Pine  Rid^^  and 

Mono  Creek,  California,   measurement-^ 

.  of _ 

Montgomery  Ferry,  Idaho,  stream  mea«> 

urements  at _ m*^. 

Moran  Creek,  California,  measurements 

below  Junction  of  Love  Cre«^k 

and _ 

Motts  Creek,  Nevada,  measurements  t/f . ,     1~ 
Mount  Whitney  Power  Company^s  flnrnt". 

California,  measurements  of- 
Muldoon  ditch,  Nevada,   measurements 

of :r 

Murphy  ditch,  lower,  California,  meais- 

urements  of 

Murphy  ditch,  upper,  California,   mea^ 

urements  of 

Mystic,  Cal.,  stream  measurements  at..  II*    - 
Naches    River,    Washington,     measure- 

mentscf iv.  > 

Natoma  ditch,  California,  measurement** 

of .' 

Negro  Hill  canal,  California,   measar«^ 

mentsof :> 

Nelson  Creek,  California,  measurement^ 

above  mouth  of :^ 

Nelsons,  Cal.,  stream  measurements  be- 
tween Indian  Reservation  and.     '< 

Nevada-California    State     line,    stream 

measurements  at ij  -  . 

New  York  canal,  Idaho,  mea8urement» 

of ai.i:- 

Newell,  P.  H.,  letter  of  transmittal  by. 

Nordyke,  Nev.,  stream  measurements  at.      f 

North  Bloomfleld  ditch,  California,  m€«k5- 

urementsof •: 

Noi*th  Columbia,  Cal.,  stream  xueasnre- 

mentsat rj 

North  Fork  canal  (American  River ».  Cali- 
fornia, measurements  of •  > 

North   Takima,   Wash.,    Naches    River 

near,  measurements  of_ js#i  N 

Tieton    River    near,   measurements 

of mi* 

Northbend,    Wash.,    stream     measnn^ 

mentanear :s 
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cdale,  Cal.^  sti-eam  meaaurementsat..  159 
cenden,    Cal...    etream   measurements 

bet-ween  Lanrel  Creek  and 160 

L  Mission  bridge,  California,  San 
Oabi-iel  River  at,  measure- 
ments of , 177 

%,  Idalio,  stre&in  measurements  at  and 

near- 215-216 

eaua,     Xev.,     stream    measurements 

near 96-98 

oville,  Cal.,  stream  measurements  at.  133-135 
rorton.,     Cal.,     stream    measurements 

near 121-122 

u'iflc,  Cal.,  stream  measurements  near.  158 
Llermo  canal,  California,  measurements 

of 157 

ilii^ade,  Nev.,  Humboldt  River  at,  meas- 

ureznentsof 100 

Pine  Creek  at,  measurements  of 101 

aliaades,    Colo.,  stream   measurements 

near 46-48 

'alouse     River,    Washingrton,    measure- 
ments of 203-205 

'angnitch  Valley,  Utah,  seepage  in 94 

water  di v erted  for  irrigation  in 92. 94 

water  entering 90,94 

water  leaving 93,94 

?arks  Creek,  Nevada,  measurements  of  126 
■*arrotta  Ferry,  California,  stream  meas- 

-orementsat 159 

Paynne  canal,  Idaho,  measurements  of . .  211 
PeckH  Bridge,  California,  stream  meas- 

orementsat 156 

Pedrolis,  Nev.,  stream  measurements  at.  126 
Podrolis  ditch,  Nevada,  measurements  of.  128 
Penault  canal  or  Goodwin  Mill,  Idaho, 

measurements  of 211 

Petersons    Creek,   California,   measure- 
ments of 125 

PettittB  ranch,  California,  Ari*oyo  Seco 

at,  measurements  of 16:3-165 

Phyllis  canal,  Idaho,  measurements  of. . .  211 
Pine  Creek,  Colorado,  measui'ements  of..  77 
Pine  Creek,  Nevada,  measurements  of. . .  101 
Pine  Ridge,  Cal.,  stream  measurements 

between  Mono  and 160 

Piney  Creek,  Colorado,  Grand  River  near, 

measurements  of 77 

Pioneer  canal,  California,  measurements 

of 161 

Pioneer  canal,  Idaho,  measurements  of . .      211 
Pitt  dam,  Nevada,  stream  measurements 

below 124 

Pitt    River,     California,     miscellaneous 

measurements  of 158 

Plncorville.  Cal.,  stream  measurements 

near 168 

Pla<erville   ditch,    California,    measure- 
ments of  158 

Pleasant  Valley,  Cal.,  stream  measure- 
ments at  157 

Plunge  Creek,  (I'alifomia,  measurements 

of 179 

Pollasky,  Cal.,  stream  measurements  at .      160 
Porters ville,  Cal.,  stream  measurements 

nt  and  near 151-15.'$.  161 

Pnittville,  Cal. ,  stream  measurements  at .      1  r)7 
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Price  road  bridge,  Utah,  Duchesne  River 

at,  measurements  of 55-58 

Prosser  Creek,  California,  measurements 

of 122 

Provo,  Utah,  stream  measurements  near.       88 

Provo  River,  Utah,  measurements  of 88 

Puget  Sound,  drainage  basin  of,  stream 

measurements  in 21fi-234 

Quincy,  Cal.,  stream  measurements  near .      157 

Rancheria   Creek,   California,   measure- 

mentsof 159 

Ranchero  &  Bloomington  ditch,  Califor- 
nia, developed  water  in 180 

Red   Bluff,  Cal.,  sti'eam  measurements 

near 137-141 

Red  Lake  River,  Minnesota,  measure- 
ments of 234-235 

Red  Mountain,  California,  stream  meas- 

urementsat 150-151,161 

Red  River,  measurements  of,  at  Emerson, 

Canada 233-234 

measurements  of ,  at  Fargo,  N.  Dak.  237-238 
at  Grand  Forks,  N.  Dak 235-238 

Redlands    canal,    California,    measure- 

mentsof 179 

Redlands     tunnel,     California,     stream 

measurements  at 179 

Resident  hydrographers  in  various  States 

and  Territories- 14-15 

Rialto  canal,  California,  measurements 

above  intake  of 179 

measurements  at,  weir  headworks  of.      179 

Ridenbaugh  canal,  Idaho,  measurements 

of 211 

Rincon,  Cal.,  seepage  at 181 

River  stations  and  principal  irrigation 
projects  in  western  half  of 
United  States,  location  of,  map 
showing 12 

River  stations  in  eastern  half  of  United 
States,  location  of,  map  show- 
ing        13 

Riverside,  West,   pumping   plant,    Cal., 

developed  water  from 180 

Riverside  canal,  California,  seepage  of. . .      181 

Riverside  canal,  Idaho,  measurements  of.      211 

Riverside  Narrows,  California,  seepage 

at  and  above 181 

Riverside  Water  Company's,  California, 

flume  of ,  seepage  in 181 

mill  flume  of,  natural  flow  in 180 

mill  pump  of,  developed  water  from.      180 
upi)er  canal  of,  natural  flow  and  de- 
veloped water  in 180 

Riverton,  Cal,,  stone  bridge  at,  stream 

measurements  above 158 

Roaring  River,  California,  measurements 

of 161 

Robe,     Wash.,     stream     measurements 

near 223-224 

Robinson  Creek,  California,  measure- 
ments of  125 

Robinsons  Box,  Nevada,  stream  measure- 

mentsat 126 

Robinsons  Ferry,  California,  stream  meas- 

urementsat 159 

Rock  Creek,  Colorado,  measurements  of.       77 
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Bodentxih'H  ranch,  Nevada,  Rtreaxn  meas-  i 

urementsat 111-113  ' 

Bodgers  ditch,  Nevada,  mi'amirements  \ 

of 124 

Ro(cei*s  pumping  plant,  California,  devel- 
oped water  from 180 

Ross  ranch,  Nevada,   stream  measare- 

mentsat 107-108 

RoesI    logging    canal,   Idaho,    measiire- 

mentsof 211 

Ro88i  waste,  Idaho,  mccuiurements  of 211 

Rubicon  River,  California,  measiirements 

of 15rt 

Rubidonx  canal,  California,  seepage  of . .      181 

Sacramento,  Cal.,  stream  measurements 

at 15 

Sacramento  Rivei,  California,  measure- 
ments of iarr-141, 1.T6-157 

source  and  course  of 127 

St.  Mary,  Mont.,  St.  Mary  River  near, 

measurements  of 231-233 

Swiftcurrent  Creek   near,  measure- 
ments of 22&-231 

St.    Mary    River,    measurements  of,   at 

Main,  Mont i»-2SS8 

moasuromenti*    of,    near    Cardston, 

Canada 225-226 

nc^rSt.  Mary,  Mont 231-233 

Salmon  Creek,  California,  mea.surements 

of 162 

Salmon  Falls,  Cal.,  dam  at,  stream  meas- 
urements Ix^low 158 

Salt  River,  Arizona,  mea.surements  of,  at 

McDowell,  Ariz 25^-25 

measurements  of.  near  Living>5tone, 

Ariz 25-29 

source  and  course  of 16 

Sun  Antonio  Creek.  (California,  measure- 
ments of 150,178-179 

San  Antonio  tunnel,  California,  stream 

niojisurements  at 179 

Siin  Bernardino  Valley.  California,  de- 
veli)])ed  water  in,  compared 
with  natural  flow  ot  Santa  Ana 

River 18<> 

seepaffein 181 

San  Carlos,  Ariz.,  stream  measurements 

at .S2-:i'> 

Sau  FranciH<"o  Bay.  strt^m  mwi'^urements 

in  drainaj4:e  basin  of 127-182 

San  Gabriel  canals,  California.  mea.sure- 

mentsof 167-171 

San  Gabriel  Electric  Comi)any's  i>ower 
hou.stv  California,  concrete 
weir  Imsin  at,  measurements 
at ITS 

San  Gabriel  River,  California.  ini.srcUa- 

neou.s  measurements  (»f 177 

San   Joa(j[uin   power   house,    California,  • 

stream  measunMiu»nts  near...      ItK) 

San  Joaquin  River.  Calif «>nna,  nieasure- 

ment.s  of Vvy  Wl  Ml  167-171 

valley  of,  features  in 127 

San  Lorenzo  Creek.  California,  measure- 
ments of  166-167 

San  Juan  Riv«'r,  s<mr«!e  and  course  of 16  j 

San  Pitch  River,  Utah,  measurements  of  W-SW 


Sand  box  weir,  California.  Redl&iuls  caiial 

at,  measTxrementa  of .  . . 

Sanger,     Cal.,     stream       meiuair<eziiec!~- 

near "» 

Santa  Ana   canal.  California.   na.ea^u?»- 

mentsof i" 

Santa  Ana  River,  California,   mea^nn- 

mentsof 171-lT:;i  "* 

natural  flow,  compared  with    d^r^  •-l- 

oped  water  in  San  Bem&rdLic 

Valley T.. 

seepage  along ^ 

Santa  Ana  River  flume,  California.,  Biver- 

side  pumping  plant  Xo.  1 .  ilr- 

veloped  water  from 

Riverside  pumping:  plant  Xo.  2.  d-^ 

veloped  water  from 

Sebree  canal,  Idaho,  measurements  of. . . 
Sebree  River,  Idaho,  measurements  of,.. 
Sediment    carried   by  Colorado    Riv«»^r 

amount  of _ . 

Seibenberg  Slough,  Idaho,  moasuremi^T^ 

of 

Sequoia   National  Park  line,  Oalifomia- 

stream  measurements  abow 
Settlers  canal.  Idaho,  measurements  of 
Seventy-six   canal,  California,  meacsur^ 

ments  of 

Sevier  River,  Utah,  measurements  of . . .    *' 

see{tage  measurements  in  basin  of 5»- 

Sheep  Creek,  California.  measaremt*ct< 


of. 


Sheridan  Creek,  Nevada,  measurement^ 
of : 

Sheyenne  River.  North  Dakota,  measure- 
ments of . .  'J.  -  : 

Sho.shone  Falls,  Idaho,  stream  mea^snrv'- 
ments    between     the    Cedars 

and 

stream  measurements  betwcjen  Twin 
Falls  and 

Silver  Creek,  Califomia,mca«urement*»  of. 

Silverthorn  Ferry,  California,  measure- 
ments of 

Simpsons    Meadows,  California,    ^^tream 
measurements  below  trail  to 

Skykomish  River  (South  Forki,  Wa.«4i- 

ington,  measurements  of 2:^  *' 

Slanson  well,  California,  discharge  of 

Slover    Mountain,    California,     »eepa^ 

below ;« 

SmartsvlUe,  Cal.,  stream  measurementi^ 
at 

Smiths  Valley,  Nevada,  stream  measurv^ 
ments  in  lower  end  of 

Snake  River,  Colorado,  measurements  r.f 

Snake  River.  Idaho,  measuromen  ts  t>f     r]    '.  - 

Snelling,    Cal.,    stream     measurt-ment> 
below 

Sncxiualmie    Falls,  Washington,    utreani 

measurement^^  above t^r    **i 

SncKjualmie  River,  Washington,  mt^a^ure- 

ments  of ♦>.  _■: 

Soda  Creek,  Upper,  California,   strt-aui 

measurements  at *. 

Soldiers  Camp.  California,  stream  meafi- 

uremeuts  between  Tar  Qap  and    I 
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Idlers''  Some,  Idaho,  stream  measure-  | 

menteabove 211  , 

•leclad,     €!al.,     stream     measurements  | 

near 163-166 

»m.er8  Oi-eek,  California,  measurements  I 

of 125  I 

luls'by  ditcfa,*  Oftlif omia,  measurements  | 

of 159  ; 

>utli  Fork  (American  River), California, 

measurements  above  mouth  of     158 

>Titli  Fork  bridge,  California,  Moke- 
lumne  ditch  below,  measure- 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Division  op  Hydrography, 
Washington,  D.  C ,  February  21,  190S, 

Sir  :  I  have  the  honor  to  transmit  herewith  manuscript  of  a  paper 
\>y  Mr.  Burt  Cole,  entitled  "Storage  Reservoirs  of  Stony  Creek,  Cali- 
fornia," and  request  that  it  be  published  in  the  series  of  Water-Supply 
and  Irrigation  Papers.  The  paper  treats  of  the  possibilities  of  reclaim- 
ing by  irrigation  large  areas  of  land  in  the  valley  of  Stony  Creek,  a 
tributary  of  the  Sacramento  River,  and  on  the  west  side  of  the 
Sacramento  Valley,  which  have  been  cultivated  by  dry  farming,  but  on 
which  irrigation  may  apparently  l)e  introduced  with  much  advantage. 
Very  respectfully,  F.  H.  Newell, 

Chief  Engineer. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Oeological  Survey. 
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STORAGE  RESERVOIRS  ON  STONY  CREEK, 

CALIFORNIA. 


By  Burt  Cole. 


INTRODUCTION. 

By  J.  B.  LiPPiNCOTT. 
SCOPE  AND  ORGANIZATION  OF  WORK. 

Recogn^izing  the  fact  that  the  general  and  permanent  prosperity  of 
California  is  largely  dependent  upon  successful  agricultural  develop- 
ment, and  furthermore  that  in  the  great  central  valleys  of  the  State 
farming  without  irrigation  has  caused,  during  the  last  decade,  a 
decrease  in  land  values,  as  well  as  in  population,  it  was  deemed  desir- 
able to  investigate  the  possibilities  of  irrigation  development  in  certain 
typical  interior  districts  of  the  State.     In  the  above  connection  the 
California  Water  and  Forest  Association  requested  the  United  States 
Geological  Survey  to  make  a  study  of  Glenn  County  to  ascertain  if 
suitable  reservoir  sites  could  be  found  on  Stony  Creek,  so  that  the 
waters  of  that  stream  could  be  put  upon  the  higher  and  warmer  mar- 
ginal lands  on  the  western  side  of  the  Sacramento  Valley.     Willows 
is  the  county  seat  of  Glenn  County,  and  the  chamber  of  commerce  of 
this  town,  through  the  Water  and  Forest  Association,  contributed 
S250  additional  toward  defraying  the  expenses  of  this  study.     The 
field  work  has  been  entirely  under  the  direction  of  the  Hydrographic 
Branch  of  the  Geological  Survey,  and  the  greater  part  of  the  expense 
has  been  borne  by  that  Survey. 

The  greater  jwrtion  of  this  investigation  has  been  devoted  to  the 
drainage  basin  of  Stony  Creek.  However,  by  far  the  greatest  natural 
water  supply  for  Glenn  and  neighboring  counties  is  the  Sacramento 
River,  which  is  the  largest  navigable  river  of  the  State,  and  forms 
the  eastern  boundary  of  Glenn  County.  The  difficulty  of  using  this 
river  lies  in  the  expense  and  magnitude  of  works  necessary  for  its 
diversion,  especially  if  its  waters  are  to  be  put  upon  the  higher  valley 
lands.  The  interference  with  navigation  by  the  diversion  of  water 
from  the  river  during  its  low  stage  is  a  serious  question.  It  is  con- 
sidered pertinent,  however,  to  briefly  refer  to  the  Sacramento  River 

and  its  possible  utilization. 
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10        STORAGE  BESEBVOIBS   ON   STONY   CEEEK,  CALXFOSNLA.  U-* 
WATER  SUPPLY  OF  SACRAMENTO  VALLEY. 

The  seasonal  rotation  in  the  Sacramento  Valley  much  resemble- 
that  in  the  southern  valleys  of  the  State  situated  between  the  Sierri 
Nevada  and  the  Coast  Range.  There  is  more  rain  in  the  Sacrament* 
Valley,  but  it  falls  in  the  same  months.  There  is  a  distinct  dr\'  sum- 
mer extending  from  April  until  October.  In  midsummer  the  tem- 
perature is  at  timesas  high  as  114°,  and  the  relative  humidity  is  low. 
ranging  from  10  to  20  per  cent.  In  the  other  half  of  the  year  th- 
rainfall  ranges  from  25.56  inches  at  Red  Bluff,  at  the  head  of  thf 
Sacramento  Valley,  to  18.19  inches  at  Woodland,  in  Yolo  County 
The  minimum  temperature  recorded  by  the  United  States  Weatbf! 
Bureau  at  Red  Bluff  since  1878  is  18°.  These  temperatures  permli 
the  growth  of  all  of  the  products  of  the  State.  A  compilatioa  of  phy^~ 
ical  statistics  for  Red  Bluff  by  Mr.  Maurice  Connell,  observer  for  tL^ 
United  States  Weather  Bui-eau,  is  given  in  this  report.  Tliey  sho«^ 
in  detail  the  conditions  here  referred  to. 

Surrounding  Sacramento  Valley  on  the  north,  eaat,  and  west  an- 
high  ranges  of  mountains  culminating  in  Mount Bhast.a,  at  thenorthf  r? 
apex  of  the  valley,  with  an  elevation  of  14,380  feet.  Upon  tbe  <*re>i 
of  these  ranges,  the  Sierra  Nevada  on  the  east  and  the  Coast  Ranp- 
on  the  west,  the  precipitation  is  much  greater  and  cKScurs  usually  in 
the  form  of  snow,  which  i^emains  at  the  higher  altitudes  nntil  meltt^i 
by  the  summer  sun.  As  the  mountains  are  higher  to  the  north  an«' 
ea«t  of  the  valley  than  to  the  west,  the  precipitation  is  greater  then*, 
the  temperature  is  lower,  and  tlie  snow  remains  unmeltiOd  nntil  lait-r 
in  the  summer.  The  stream  conditions  resulting  from  these  physii**! 
conditions  may  readily  be  inferred.  From  the  higher  sierrss  th* 
creeks  begin  to  rise  with  the  fall  rains,  and  the  preeipltation  In  tly* 
foothills  causes  them  to  maintain  their  flow  throughout  the  winter. 
Under  normal  conditions,  however,  they  reach  stages  of  maximam 
discharge  in  the  spring  and  early  summer,  when  the  snows  at  the 
higher  levels  are  melting.  They  reach  their  lowest  stages  in  Septem- 
ber. On  the  western  side  of  the  valley  the  streams  issuing  from  the 
Coast  Range,  to  which  class  Stony  Creek  belongs,  flow  from  lower 
and  warmer  levels.  Consequently  the  precipitation  is  more  often  in 
the  form  of  rain  and  the  snow  is  more  quickly  melted.  The  resulting 
stream  flow,  therefore,  is  more  irregular  and  the  maximum  perit>d> 
of  flow  are  in  winter  and  early  spring.  These  Coast  Range  streams 
are  reduced  to  very  low  discharge  throughout  the  summer  months 
and  their  proper  utilization  is  largely  dependent  upon  the  construc- 
tion of  reservoirs  for  the  conservation  of  the  winter  water.  There  b 
therefore  a  cool,  wet  winter  in  the  valley,  followed  by  a  hot,  drv 
summer.  The  Sacramento  and  its  eastei-n  tributaries  are  stron'' 
streams  during  the  winter,  spring,  and  early  summer,  and  have  rela- 
tively low  discharges  in  September  and  Oct-ober,  while  the  western 
tributaries  are  normally  high  in  winter  and  early  spring  and  alraa^: 
dry  in  the  summer.     These  conditions  not  only  demand  the  irrigation 
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:  tlie  valley,  but  furnish  the  opportunity  therefor.  Tables  of  dis- 
large  of  the  Sacramento  River  and  of  Stony  Creek  are  made  a  part 
r  tliis  report  and  illustrate  the  above  stat/ement. 

Tlie  higher  marginal  valley  lands  are  better  drained  and  warmer 
lan  tlie  low  lands.  They  are  not  so  well  adapted  to  the  growth  of 
rain,  as  the  soil  is  not  so  strong,  but  it  is  believed  that  with  irrigation 
hey  -would  be  amoiig  the  finest  fruit  lands  of  the  State,  capable  of 
•roducing  the  olive,  vine,  and  orange. 

The  valley  of  the  Po,  in  northern  Italy,  is  the  greatest  artificially 
watered  district  of  Europe.  In  this  region  irrigation  has  been  prac- 
iced  continuously  for  over  one  thousand  years.  The  values  of  water 
Liid  of  irrigated  lands  have  continually  increased,  and  to-day  it  stands 
is  an  example  of  most  intensive  cultivation,  supporting  391  persons 
3er  square  mile  in  the  irrigated  district. 

The  following  interesting  comparison  may  be  made  between  the 
climatic  conditions  of  Milan,  in  the  heart  of  this  district,  and  those 
in  the  upper  Sacramento  Valley.  R.  Baird  Smith,  lieutenant  of 
en^neerH,  British  service,  in  a  work  entitled  "Italian  Irrigation,"  is 
the  authority  for  the  statements  on  Italian  irrigation.  The  recoi-d  of 
rainfall  and  temperature  for  Milan  was  obtained  from  the  United 
States  Weather  Bureau.  It  probably  extends  back  into  the  eighteenth 
century.  For  monthly  maximum  and  minimum  records  at  the  head 
of  the  Sacramento  Valley,  see  the  Red  Bluff  record  given  later  in  this 
report. 

ConiiHirison  of  climatic  conditions  in  Sacramento  Valley  and  in  northei^i  Italy, 


Month. 


January   ,. 

February  . 

March 

April 

May 

June 

July 

August  .,. 
September 
October . . . 
November 
I>e(!ember . 


Mean  annual 


Bainfall. 


Temperature. 


WoodlandM,'      Milan,      Woodlands, 
Cal.  Lombar^y.        ^^-^ 


Inches. 

8.67 

2.56 

2.72 

1.75 

.85 

.12 

.00 

.02 

.25 

.92 

2.01 

3.42 


18. 25 


Inches. 
2.28 
2.34 
2.60 
3.59 
4.06 
3.30 
2.92 
3.66 
3.82 
4.98 
4.22 
2.87 


40. 59 


42.6 
45.5 
48.9 
55.5 
62.1 
70.1 
77.9 
76.1 
68.6 
60.4 
50.4 
48.5 


58. 5 


Milan,  Lombardy. 


Max. 


'F. 


71 
74 
82 
91 
97 
99 
95 
91 
78 
63 
61 


99 


Min. 


Mean. 


°F. 

^F. 

7 

83 

19 

88 

21 

46 

27 

64 

39 

62 

48 

70 

54 

74 

53 

72 

46 

65 

33 

55 

23 

43 

10 

36 

54 
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The  minimum  temperature  at  Woodlands  is  not  available.    T 
lowest  temperature  recorded  at  Red  Bluff  by  the  Weather  Bnrean  i 
18°  above  zero.  ^  ^ 

It  will  be  noted  that  there  is  double  the  rainfall  in  J^onibardv  th 
there  is  in  Glenn  County,  and  a  large  portion  of  it  occurs  in  the  ^^l 
mer,  yet  irrigation  is  accepted  as  decidedly  profitable  and  wat^r  rijh  • 
are  increasing  in  value.     This  being  true,  irrigation  certainly  sht.-a 
be  of  marked  benefit  in  the  Sacramento  Valley. 

FARMING  CO]ST>ITIOKS. 

Glenn  County,  lying  in  the  upper  portion  of  the  Sacramento  Yalle; 
and  principally  upon  the  western  side  of  the  Sacramento  River,  h^ 
so  many  natural  advantages  that  if  its  valleys  were  divided  into  mti^ 
farms  and  irrigated  it  probably  could  be  made  one  of  the  most  prr- 
ductive  and  densely  populated  agricultural  counties  in  the  State  < 
California. 

At  present  the  farming  land  is  almost  wholly  given  up  to  the  <>} 
farming  of  wheat.  This  practice  has  been  followed  for  years,  unt 
to-day  the  land,  having  annually  surrendered  its  nutritive  elemeii^ 
without  fertilization,  is  deteriorating  for  this  crop.  This  conditkr 
coupled  with  the  low  prices  obtained  for  the  product  during  w'or. 
years,  has  resulted  in  a  concentrated  landholding,  with  a  resulTiii. 
decrease  of  population,  large  areas  of  wheat  being  farmed  with  great- 
economy  than  small  ones.  This  is  brought  forcibly  to  the  attention  "i 
one  traveling  over  the  roads  in  the  great  valley  district.  Nnmert'U^ 
small  bunches  of  trees  mark  the  points  where  one^  stood  a  house,  tht 
home  of  a  small  farmer.  To-day  these  families  are  scattered,  and  ib- 
small  ranch  is  only  a  small  fraction  in  a  great  farm  of  perhaps  lOj"* 
to  20,000  acres,  owned  bj'^  one  person  and  farmed  by  a  drifting  popii 
lation  employed  only  during  the  planting  and  harvesting  seasu:*. 
and  having  no  interest  in  the  welfare  of  the  county  except  in  obtaii. 
ing  a  few  weeks'  wages,  which  may  or  may  not  be  spent  in  tii' 
neighboring  towns. 

Wheat  farming,  in  spite  of  the  fact  that  it  is  carried  on  by  means  ^^i 
modern  machinery,  with  perfect  organization,  and  on  a  large  seal' , 
has  not  of  late  been  a  paying  investment  in  Glenn  and  adjoining' 
counties. 

The  climate  of  this  valley  is  very  similar  to  that  of  the  southern  conn 
ties  of  the  State.  Orange,  lemon,  and  lime  trees  were  seen  in  various 
parts  of  the  plains,  showing  no  signs  of  having  been  injured  b^^  frosi 
The  yield  is  not  large,  owing  to  the  fact  that  the  trees  have  been  allowtii 
to  grow  usually  as  isolated  garden  shrubbery,  receiving  little  ear^ 
except  perhaps  an  occasional  watering.  With  irrigation  and  scieniif.- 
care,  Glenn  County  could  become  the  home  of  numerous  small  farmer-: 
the  population  of  towns  and  country  would  be  increased,  and  a  lhri\ 
ing  community  would  exist  in  the  present  sparsely  settled  region. 
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POPUIiATION. 

Intensive  farming  by  irrigation,  especially  the  raising  of  fruit  in 
^lif  ornia.,  usually  has  led  to  the  subdivision  of  large  holdings,  both 
icause  nsder  these  conditions  large  areas  are  not  successfully  han- 
ed  and.  because  increased  land  values,  resulting  from  the  supply  of 
ater,  is  an  inducement  for  the  large  landowner  to  sell. 

The  census  of  1890  gives  Colusa  County,  which  at  that  time  included 
lenn  County,  a  population  of  14,640,  while  the  census  of  1900  gives 
lis  same  territory  a  population  of  12,856  (Colusa  7,346,  Glenn  5,510), 
[lo^wing  a  decrease  in  the  ten  years  of  12.8  per  cent.  According  to 
le  school  census  the  number  of  school  districts  is  38  and  the  number 
1:  school  children  is  1,280.  Of  the  latter  555  were  in  the  towns, 
3aving  725  in  the  country,  or  only  about  1  child  to  2  square  miles. 

In  1891  Mr.  William  Hammond  Hall,  in  an  engineering  report  on 
he  Central  Irrigation  District,  situated  in  Glenn  County  and  con- 
aining  156,550  acres  of  valley  land,  which  was  then  attempting  to 
onstruct  irrigation  works,  states: 

There  are  40  owners  of  over  1 ,000  acres  each,  holding  an  aggregate  of  about  89,000 
teres,  very  materially  more  than  half  the  acreage  in  this  district!  There  are  only 
bbotit  180  owners  of  farming  lands  altogether  in  it,  so  that  the  farm  holdings  all 
iverage  very  nearly  870  acres  in  area,  and  the  140  smaller  owners  of,  say  67,550 
teres,  have  an  average  of  482  acres  apiece.  There  are  but  few  owners  of  less  than 
S40  acres  in  the  district,  and  by  reason  of  the  renting  and  share  system  still  fewer 
persons  ^vv'ho  farm  as  low  an  acreage.  The  district  has  a  stable  voting  population 
Df  about  400,  of  whom  about  140  are  residents  of  the  towns  of  Maxwell  and  Wil- 
liams. This  leaves  260  voters  on  the  farming  lands  proper,  only  1.06  voters,  or 
(taking  the  usual  ratio  of  voters  to  population)  about  5  persons  to  the  square 
mile.  £ach  farming  landowner  of  the  180  (supposing  all  to  be  residents  of  the 
district)  gets  on  with  only  0.44  of  a  resident  citizen  hired  man  to  help  him  farm 
his  average  holding  of  870  acres. 

The  condition  of  the  Central  Irrigation  District  is  practically  the 
condition  of  the  plains  district  of  Glenn  and  Colusa  counties. 

Mr.  W.  H.  Markham,  deputy  assessor  of  Glenn  County,  after  an 
examination  of  the  county  records  in  1900,  reports  that  the  average 
farm-land  holding  in  the  plains  district,  lands  which  could  be  irri- 
gated, either  from  Stony  Creek  or  from  the  ditches  of  the  Central 
Irrigation  District,  is  1,595  acres.  There  are  less  than  40  owners  of 
farming  lands  of  160  acres  or  less.  It  is  not  believed  there  are  any 
farmers  who  cultivate  less  than  320  acres  of  land,  it  all  being  sown  to 
wheat  and  barley. 

For  purposes  of  comparison  between  areas  in  California  irrigated 
and  those  farmed  dry.  Riverside  may  be  taken  as  a  typical  example 
of  development  by  irrigation.  Other  similar  districts  could  be 
referred  to.  About  13,500  acres  are  irrigated  around  Riverside,  partly 
in  young  trees.  It  must  be  remembered  that  southern  California  has 
for  seven  years  been  suffering  from  an  intense  drought,  much  more 
^vere  than  in  the  central  portion  of  the  State.     Streams  have  failed. 


14        8T0BAGE   BESEBV0IB8   OK   STOKT   CBEEK,   C^LTFORBIA.  > 

but  500  wells  have  been  sunk  to  supply  these  lands,  from  which  *: 
water  supply  has  been   maintained  in  volume   aiS    large  as  dnm. 
periods  of  abundant  precipitation.     These  wells  probably  repr^*^: 
an  investment  of  over  half  a  million  dollars,  and  are  producing " 
cubic  feet  of  water  per  second,  or  enough  to  irrigate  20,000  acre^ 
land.     Starting  with  a  sheep  pasture,  assessed  under  protest  at  • 
cents  per  acre  in  1870,  this  district  now  supports  in  comfort,  if  r 
luxury,  about  10,000  inhabitants,  or  a  citizen  to  every  1.3  acres  ir 
gated  (about  100  times  as  dense  a  population  as  the  valley  porti 
of  Glenn  County),  and  shipped  over  4,000  carloads  of  citrus  f m  • 
during  the  season  of  lliOO.     The  value  of  this  crop  i?vhs  S15<>  per» 
on  the  better  irrigated  area,  and  the  output  is  rapidly    increasii . 
The  city  of  Riverside  has  3  banks,  13  churches,  and  8  schoolhou^ 
The  post-office  receipts  in  1900  were  $16,555.     The  amount  of  its  ba" 
deposits  and  aasessed  valuation  make  it  perhaps  the   first  city  of  :"^ 
class  in  the  United  States. 

From  an  agricultural  standpoint  the  difference  between  norihr'^ 
and  southern  California  is  irrigation. 

CENTRAIi  IRRIGATION  DISTRICT. 

In  the  course  of  the  present  work  the  constructed  portion  of  r'' 
Central  Irrigation  canal  was  visited  and  inquiries  were  made  as  t«>  :> 
status.  This  canal  was  designed  to  take  water  from  the  Sacrameiir' 
River  near  the  northern  boundary  of  Glenn  County  and  irriir.i-' 
156,550  acres  of  fertile  land  in  Glenn  and  Colusa  counties.  A  ft*' 
expending  $574:,000  for  construction  and  right  of  w^ay,  the  distri-: 
became  involved  in  legal  and  financial  difficulties  growing  out  of  rhr 
Wright  act,  under  which  it  was  organized,  and  work  was  diseontinut^l 
Both  the  constitutionality  of  tlie  organic  law  and  the  organizati»^ 
under  that  law  were  contested  by  certain  dissatisfied  holders  of  l»n> 
land  areas  in  the  proposed  district.  These  parties  object<ed  t^)  ai 
organization  based  upon  and  controlled  by  a  majority  vote  of  a* 
electors  in  the  district,  irrespective  of  their  property  holding  therei:». 
the  acceptance  of  water  at  uniform  rates  for  all  lands  in  the  distrj ' 
being  (compulsory  under  the  law.  These  objections  have  been  brougn* 
forward  in  all  the  districts  that  have  been  organized  under  this  statiut 

No  successful  attempt  has  ever  been  made  to  collect  either  prino; 
pal  or  interest  on  these  bonds.  The  interest  is  increasing  and  tb« 
principal  is  becoming  due.  Much  money  has  been  sx>ent  by  b*>t^ 
"  anti-irrigationists "  and  "irrigationists"  in  legal  battles,  butsota^ 
no  definite  result,  except  the  stoppage  of  work  for  lack  of  funds,  hA^ 
been  accomplished.  The  head  works  of  the  canal  were  never  huu 
and  no  water  has  ever  been  delivered.  The  bonds  are  discredited  is 
the  financial  market,  and  if  the  district  should  now  be  declared  to  U- 
legal  and  the  bonds  properly  issued  it  will  force  nearly  every  farmer 
in  the  district  into  bankruptcy,  as  it  has  been  twelve  years  since  ihf 
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onds  w^ere  issued.  The  bondholders  are  getting  no  interest  on  their 
avestinent  and  the  landholders  are  going  on  year  after  year  summer 
allo-wing  their  land  for  wheat,  and  barely  making  interest  on  a  low 
aluation  of  the  land  and  property,  while  right  at  hand  flows  the 
^acramento  River,  capable  of  turning  this  valley  into  as  productive 
irnd  densely  populated  a  county  as  the  irrigated  portions  of  southern 
[California  counties. 

The  Sacramento  River  has  an  unfailing  supply  of  water  sufficient 
OT  all  the  needs  of  this  section  and  of  the  lower  valley  lands,  as  is 
jhown  by  the  following  table  of  flow,  taken  from  the  various  reports 
)f  the  United  States  Geological  Survey. 

Estimated  monthly  discharge  of  Saeravieiito  River  at  Red  Bluff, 

[Drainage  area,  9,866  squai^  mileH.] 


Distibarge  in  »econd-feet. 

Run-off. 

Month. 

Maximum. 

Minimum. 

Mean. 

Total  in  aoi-o- 
feet. 

Second-feet 

per  BQuare 

mile. 

Deptli  in 
inches. 

1895. 

January 

Febmary 

March  ... 

April 

May 

123,1)00 

65,600 

a5,360 

33,880 

48,600 

18,600 

9,040 

6,150 

10, 820 

6,285 

6,690 

36, 880 

15, 220 

13,860 

15,220 

26, 670 

16,840 

9,040 

6,150 

5,990 

5,830 

5,910 

5,910 

6,150 

47. 267 

26, 792 

32, 517 

29,566 

30,238 

12,764 

7,235 

6, 057 

6,321 

5, 989 

6,046 

10, 095 

3, 906, 320 

1,487,940 

1,999,418 

1,759,300 

1,859,250 

759, 510 

444,863 

372,436 

376, 106 

368,261 

359, 792 

620,760 

5. 05 
2.86 
8.48 
3.16 
3.23 

5.82 
2.98 
4.01 
3.53 
H  7a 

Jnne 

jTily 

1.36           1.52 

.77  1            fifi 

—J     »      .-   —  -  - 

August 

September 

October 

November  _.... 
December 

.65 

.68 

.64 

.65 

1.08 

.75 
.75 
.74 
.71 
1.24 

The  year . 

123,000 

5,830 

18,890 

13, 813, 956 

1.97 

26.67 
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Estimated  monthly  discharge  of  Sacramento  River  at  Jellys  Ferry,  Tekat^ 

County, 

[Drainage  area,  9,134  square  miles.] 


1 


Month. 


1896. 

January 

February  __. 

March 

April 

May 

Jnne 

Jnly 

Angust 

September  .. 

October 

November... 
December 

The  year 

1897. 

January 

February 

March 

April  -. 

May 

June 

July 

August 

September 

October 

November 

December 


Discharge  in  second-feet. 


Maximnm.    Minimum. 


-I 


The  year 

1898. 

January  

February 

March 

April ... 

May 

June.. 

I 

Jnly 


Mean. 


Total  in  acre-  | 

feet.  1  Second-feet 

pear 


130, 050 

6,360 

46, 152 

2.837,813 

34, 460 

10, 070 

15,468 

889,764 

62, 870 

11,310 

24,099 

1,481,801 

59,500 

16,920 

25, 793 

1,534,819 

75, 120 

19,300 

30,941 

1,902.548 

20, 515 

9,200 

14,217 

846,018 

8,960 

6,720 

7,591 

466,789  1 

1 

6,720 

6,180 

6,394 

393,201  ; 

6,360 

6,000 

6,204 

369, 163 

8,000 

6,000 

6,163 

378,960  ' 

43,000 

6,360 

11,965 

712,014 

93,000 

8,480 
6,000 

8, 320 

22, 318 

1,372,304 

130, 050 

18, 109 
14,280 

13, 185, 189 

1 

49, 765 

I 
.1 

1 
878,050  1 

89,100 

17,420 

36, 108 

2,005,335 

44,340 

13, 100 

21,790 

1,339,825 

28, 710 

18, 830 

22, 807 

1,357,108 

18,520 

9,200 

13, 787 

844,660 

9,200 

6,680 

7, 620 

453, 420 

6,550 

5,120 

5, 699 

a50, 420 

5,120 

4,600 

4,776 

293. 667 

4,600 

4,600 

4,600 

273,718 

6,680 

4,600 

4, 955 

304,678 

8,600 

5, 120 

5.590 

332, 627 

16, 940 

5, 380 

7,792 

479, 114 

89,100 

4, 600 

12,480 

8, 912, 617 

6,525 

5,835 

6,120 

376,807 

33,600 

5,835 

12,479 

693,049 

22, 500 

6,525 

9,745 

599,201  1 

7,260 

6,525 

6,872 

408,911  ; 

10,800 

5, 375 

6,632 

407,789  1 

10,500 

5, 150 

6,674 

397,130 

5,150 

4, 475 

4,700 

288,994  : 

De;v-  - 


5.05 

1.69 

2.64 

2.83 

3.3S» 

1.56 

.88 

.70 

.68 

.6i 

1.31 

2.44 


f 


I.> 


«j  «.- 


1.98 

1.56 

3.95 

3.39 

2.50 

1.50 

.83 

.63 

.53 

.50 

.54 

.61 

I 


i.r- 

B « 


.85 

.^ 

1.36 

\^:.^ 

.67 

1.37 

I.4J 

1.07 

l.i^ 

.75 

.N 

.73 

,^ 

.73 

.M 

.53 

.«' 

JPPOSITE  JjkCINTO. 


>LE.] 
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Estimated  monthly  discharge  of  Sacramento  River  at  Jellys  Ferry,  Tehama 

County — Continued. 


Discharge  in  seoond-f eet. 

Total  in  acre- 
feet. 

Run-off. 

'  Month. 

MaTlmnm. 

Mininiiim. 

Mean. 

Second-feet 

peraqnare 

mile. 

Depth  in 
inches. 

1898. 

Ln^nst  _ i 

September ' 

)ctober 

November i 

December 

The  year., 

4,475 
4,475 
4,925 
6,892 
5,950 

4,250 
4,250 
4,475 
4,475 
4,700 

4,276 
4,280 
4,631 
4,785 
4,991 

262,923 
254, 677 
284,751 

284,727 
806, 887 

0.47 
.47 
.51 
.52 
.55 

0.54 
.53 
.59 
.58 
.68 

83,600  ;        4,250 

6, 349 

4, 565, 346 

.70 

9.38 

1899. 

Fannary 

?ebrnary  _ * 

March 

A.pril 

May 

rjTi-ne 

42,600 
8,644 

83,400 

16,100 
7,530 

15,200 

5,065 
5,810 
6,750 
7,800 
6, 030 
4.965 

• 

13, 498 

6,646 

20, 915 

10, 837 

6,908 

6,199 

4,531 

3,986 

8,980 

5,063 

14, 532 

14,519 

829,965 
369, 100 
1,286,022 
344,845 
424, 759 
365, 865 
278, 592 
245,061 
236,826 
311,814 
864,712 
892, 744 

1.48 

.73 

2.29 

1.19 

.76 

.68 

.50 

.44 

.44 

.55 

1.59 

1.59 

1.71 

.76 

2.64 

1.88 

.87 
.75 

July 

4,760  1        4,170 

4, 170  '        3, 980 

3,980  '        3,980 

10,550          8,980 

53,480          4,760 

46,600          8,915 

.58 

August 

September 

October 

November 

December. 

.51 
.49 
.68 

1.77 
1.83 

The  year  - 

1900. 

January 

February 

March 

April 

May 

June 

83,400          3,980          9,301         6,752,805 

1.02 

13.87 

119,700         10,400 
24,800          7,800 

123, 000         10, 700 

16,700          8,630 

19, 780  ;        6, 265 

6,265           4.760 

30,661  1       1,885,271 
11,687  1          649,068 
23,288  1      1,431,923 
12,082  1          718,929 
9,572            588,559 
5.477  1          325.904 

3.36 

1.28 

2.55 

1.32 

1.05 

.60 

.46 

.42 

.44 

.70 

.90 

1.70 

3.88 
1.38 
2.94 
1.47 
1.21 
.67 

July 

4,760  1        3,805          4,212 
3, 805           3, 805           3. 805 

268, 986 
233,960 
236,886 
892, 352 
488,281 
1          956,817 

.58 

August 

.48 

September 

October 

November 

December 

5, 170  i        8, 630 
21,520  j        3,805 
28,800  '        4,560 
80, 100  1        6, 030 

8,981 

6,381 

8,205 

'       15, 553 

.49 

.81 

1.00 

1.96 

The  year . 

123,000 

1        3,630 

11,242 

l- — =z : 

1      8,166,381             1.28 

16.77 

IRK  86—03 2 
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Estimated  monthly  discharge  of  Sacramento  River  at  Jelly s  Ferry ^  Teha^^ 

County — Contmned. 


Honth. 


1901. 

January 

February  

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Diflcharge  in  eecond-feet. 


MftTTT^f^""* 


74,240 

101,880 

46,100 

16,700 

18, 700 

7, 265 

4,760 

3,980 

5,380 

5,380 

44,100 

61,800 


Minimum. 


101,880 


8,915 
9,800 
12,200 
9,200^ 
7,530 
4,965 
3,980 
8,805 
3,630 
3,980 
4,360 
5,380 


3,630 


Mean. 


20,982 

34,138 

20,628 

10, 870 

9,804 

5,596 

4,365 

3,850 

3,922 

4,194 

7,745 

12, 149 


finn-K^- 


Total  in  acre- 
feet. 


Second-feet  jv^v 


11,521 


1.290,  ld4 

2.30 

1,895,928 

3.74 

1,268,866 

2.26 

646,810 

1.19 

602,824 

1.07 

332,985 

.61 

268,393 

.48 

236,727 

.42 

283,375 

.43 

257, 879 

.46 

460,859 

.85 

747, 013 

1.33 

8,241,353 


1.26 


R- 


Estimatedmonthly  discharge  of  Sacramento  River  at  Iron  Canyon,  Tehamc 

County^  CaL 


Month. 


1902. 
January  « . 
February  . 
March 


6,750 
151,320 
61,700 
April 53,800 


Discharge  in  second-feet. 


Maximum. 


May 

June 

July 

August  ... 
September 
October  _ . . 
November 
December . 


The  year 


24,460 

13,450 
7,060 
5,880 
5,220 

11,750 
118,200 

39,100 


151,320 


Minimum. 


4,760 

5,660 

14, 150 

14, 150 

10, 150 

7,060 

5,880 

5, 440 

5,000 

5,000 

5,660 

8,110 

4,760 


Mean. 


5,376 

69, 153 

27, 371 

21,992 

17,803 

9,998 

6,192 

5,674 

5,007 

5,931 

19, 834 

17,506 


17,653 


Total  in  acre- 
feet. 


830,557 

3,840,563 

1,682,977 

1,308,615 

1,094,663 

594, 922 

380,731 

348,881 

297,938 

364.683 

1,180,204 

1,076,402 


Rnn-off. 


Second-feet 

per  square 

mile. 


12,501,136 


0.59 

7.44 

2.94 

2.37 

t.92 

1.08 

.67 

.61 

.54 

.64 

3.13 

1.88 


^  tU 


r: 


1.90 


o  Record  of  Sacramento  at  Jellys  Ferry  for  Jannary,  1908^ 
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OSSIJJX.E    REORGAiaZATION    OF    CENTRAL    IRRIGATION 

BI8TRICT. 

It  is  believed  that  the  present  time  is  auspicious  for  the  carrying 
lit  of  a  reorganization  plan.  The  question  of  the  legality  or  illegality 
I  the  district's  organization  and  bond  issues  has  not  yet  been  finally 
etermined,  and  neither  party  seems  willing  to  push  the  matter  to  a 
nal  issue. 

If  it  is  desirable  to  complete  the  works  under  private  management, 
.  is  believed  that  the  following  plan  might  be  carried  out:  The  dis- 
rict  to  acquire  what  rights  of  way  are  necessary  for  the  completion 
f  the  -work.  This  probably  can  be  done  for  about  $30,000.  The  dis- 
rict  should  then  deed  to  the  bondholders  its  interest  in  the  canal  and 
ights  of  way  and  then  disorganize,  the  bondholders  canceling  all 
Qdebtedness  against  the  land  and  furnishing  the  money  to  complete 
he  VE^orks.  The  bondholders  could  then  form  an  in-igation  company 
tnd  sell  water  at  the  low  annual  charge  of  $2  per  acre,  and  thereby 
)oth  secure  themselves  and  benefit  the  landowners.  The  land  is 
ertile  and  suited  to  irrigation,  and,  owing  to  its  closeness  to  market, 
ihould  be  high  priced  and  productive  of  handsome  returns. « 

TOPOGRAPHY. 

The  purpose  of  the  present  work  was  primarily  to  determine  what 
30uld  be  done  toward  increasing  the  area  of  lands  irrigated  from  the 
basin  of  Stony  Creek.     Stony  Creek  has  a  drainage  area  of  about  760 
square  miles,  as  obtained  from  the  best  available  Land-OflSce  maps. 
While  the  crest  of  the  watershed  does  not  exceed  about  6,700  feet  in 
elevation,  its  proximity  to  the  coast  assures  to  it  a  substantial  amount 
of  rainfall.     In  the  valleys  the  precipitation  is  20  inches  annually, 
while  in  the  higher  portions  of  the  basin  it  probably  reaches  40  inches. 
The  summits  are  heavily  covered  with  timber,  much  of  it  being  com- 
mercial pine,  spruce,  and  cedar.     Several  sawmills  are  located  in  the 
heart  of  this  timbered  area.     Sheep,  goats,  and  cattle  are  permitted 
freely  to  graze  over  the  public  lands,  and  numerous  forest  fires  were 
observed,  apparently  coincident  with   the  location  of  the  grazing 
camps.     It  is  currently  stated  that  it  is  the  common  practice  for  sheep 
men  to  set  fires  upon  leaving  the  ranges  in  the  fall  so  that  the  under- 
brush and  grasses  can  grow  up  young  and  tender  for  the  next  season. 
Cattlemen,  finding  heavily  brushed  areas  over  which  it  is  difficult  for 
the  cattle  to  graze,  are  reported  to  set  fires  so  as  to  make  the  country 
moi-e  open.     The  resulting  damage  does  not  apply  alone  to  the  brush- 
covered  teiTitory,  as  the  fires,  once  started,  keep  on  burning,  unre- 
strained, into  the  timber  belts,  until  a  continued  wiad  from  the 
contrary  direction   causes  the   flames   to  back  fire  and  extinguish 


<i  Since  the  above  was  written  (1901)  a  strong  movement  lias  been  initiated  to  diHorgauize  the 
district  and  to  have  a  conwration  complete  the  canal  and  distribnte  the  water,  the  bonded  debt 
to  be  aasumed  by  the  corporation. 
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themselves.     If  this  forest  destruction  continues,  it  will  cause  ihf  rr 
off  to  be  more  spasmodic,  floods  will  closely  follow  each  rain,  and 
amount  of  silt  carried  by  the  water  will  become  so  g^reat  that  it  w. . 
lead  to  the  impairment  of  any  reservoirs  which  mi^ht  be  constnir  • 
in  this  basin.     It  is  strongly  urged  that  the  main   portion  of  r  • 
drainage  basin  be  set  aside  as  a  forest  reserve,  and  that  sheep  i 
goat  grazing  be  restricted  or  prohibited,  and  strong  steps  takes 
prevent  forest  fires. 

PROPOSED   8TOXY   CREEK  FOREST    RESEKTTE. 

In  respect  to  this  matter  the  Sacramento  Valley  Development  A*-  - 
elation,  on  November  17,  1900,  passed  the  following  resolution  a- 
result  of  the  investigations  on  the  stream : 

Whereas  the  experts  of  the  United  States  Gheological  Snrvey  now  canduT.., 
investigations  along  Stony  Creek  report  the  existence  of  many  excellent  stic- 
reservoir  sites  thereon;  and 

Whereas  the  waters  of  said  creek  are  now  used  for  irrig^atioii,  «nd  by  rl  * 
conservation  and  proper  regulation  a  vast  area  may  \ye  brought  to  a  xnnch  ki.- ' 
state  of  cultivation;  and 

Whereas  the  preservation  of  the  forests  along  the  headw^aters  of  said  crerk '- 
necessary  to  insure  a  permanent  water  supply  and  also  to  moderate  the  flo? 
flood  waters,  thereby  preventing  the  rapid  filling  with  silt  and  detritus  of  a-, 
reservoirs  that  may  hereafter  be  constructed  along  said  Stony  Creek  or  any  »'f  v 
tributaries:  Therefore  be  it 

Resolved,  That  we,  the  Sacramento  Valley  Development  Association,  eank^' 
petition  the  President  of  the  United  States  to  set  aside  as  a  forest  reserve  snrb 
the  public  lands  about  the  head  of  said  Stony  Creek  and  its  tributaries  as  ti' 
experts  of  the  Geological  Survey  shall  recommend  as  necessary  for  the  protci'^-  - 
of  the  water  supply  of  said  creek. 

Adopted  at  a  meeting  of  the  Sacramento  Valley  Development  Association  h-. 
in  Oroville,  Cal.,  November  17, 1900. 

Practically  the  same  resolutions  were  also  passed  by  the  War^: 
and  Forest  Association. 

In  response  to  the  above  requests  the  following  area  h.»si  been  ti-iii 
porarily  withdrawn  from  entry,  August  14,  1900,  pending  investi;:-- 
tion  bv  the  Bureau  of  Forestry: 

Beginning  at  the  northwest  corner  of  T.  23  N.,  R.    6  W.,  Moun' 
Diablo  meridian;  thence  south  to  the  northwest  corner  of  T.  i<'N 
R.  6  W.,  Mount  Diablo  meridian;  thence  west  on   township  linf  '• 
northwest  corner  of  sec.  2,  T.  20  N.,  R.  7  W. ;  thence  south  to  s<»uti- 
west  comer  of  sec.  20,  township  and  range  aforesaid;   thence  east  ' 
northwest  corner  of  sec.  36,  township  and  range  last  aforesaid ;  theit'- 
south  1  mile;  thence  east  to  northeast  corner  of  T.  19  J^.,  R,  7  ^^ 
Mount  Diablo  meridian;  thence  south  on  range  line  3  miles  to  son!i 
west  corner  of  sec.  18,  T.  19  N.,  R.   6  W. ;    thence  east  to  northeii*' 
corner  of  sec.  19,  T.  19  N.,  R.  6  W.    thence  south  to  sontheast  come' 
of  sec.  31,  said  township  and  range  aforesaid;  thence  west  to  nort'r 
west  corner  of  T.  18  N.,  R.  (5  W. ;  thence  south  on  range  line  betwiv^ 
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H.  G  stud  7  W.,  to  southwest  corner  of  sec.  6,  T.  17  N.,  R.  6  W.; 
lence  east  to  northeast  comer  of  sec.  8,  township  and  ran^e  last 
foresaid.;  thence  south  to  southeast  corner  of  sec.  32,  T.  16  K.,  R.  6 
ST. ;  t.lieiice  west  on  township  line  between  Ts.  16  and  16  N.,  to  south- 
'-est  corner  of  T.  16  N.,  R.  10  W. ;  thence  north  on  range  line  between 
Is.  lO  and  11  W.,  to  northwest  comer  of  T.  23  N.,  R.  10  W. ;  thence 
asterly  to  northwest  corner  of  T.  23  N. ,  R.  6  W. ,  the  place  of  begin- 
dng. 

Local  stock  and  lumbermen  are  now  (1903)  violently  opposing  the 
creation  of  this  and  other  proposed  reserves  in  the  basin  of  the  Sacra- 
nento  River.  It  is  believed  that  this  is  largely  done  because  the 
jTOe  purpose  of  forestry  is  not  understood. 

A  forest  reserve  is  created  for  the  permanent  benefit  and  ultimate 
improvement  of  the  district  wherein  it  exists.     These  benefits  may 
be  divided  into  two  classes :  First,  forestry;  second,  irrigation.    There 
are  some  good  timbered  lands  on  the  headwaters  of  Stony  Creek  and 
the  crest  of  the  range  immediately  to  the  west.     Under  the  ordinary 
methods  of  procedure  a  lumber  company  entering  into  business  in  a 
timbered  district  will  cut  off  the  entire  forest  cover  as  rapidly  as 
X>osBible,  sell  the  product,  clean  up  its  business,  and  get  out  of  the 
country,  leaving  the  district  in  a  denuded  and  wrecked  condition. 
This  is  so  abundantly  evident  in  so  many  different  localities  in  Cali- 
fornia that  it  is  scarcely  necessary  to  enter  into  an  extended  argument 
as  to  its  impropriety.     The  county  is  a  permanent  loser,  because  when 
these  lands  are  once  cut  off  they  are  usually  abandoned  to  the  State 
because  of  delinquent  taxes.     There  is  no  permanent  employment 
offered  for  citizens  of  the  community,  and  the  result  is  a  rapid  wreck- 
ing of  the  forest. 

The  effect  on  the  State  of  reckless  deforestation  is  the  destruction 
of  a  x>crmanent  source  of  lumber  supply.     This  method  of  procedure 
has  led  to  the  marked  deterioration  of  many  of  the  older  countries. 
The  policy  advocated  for  the  Federal  Government  is  that  looking 
toward  a  continuous  use  of  the  forest  as  a  permanent  source  of  lum- 
ber supply  along  lines  of  development  now  practiced  by  England  in 
India,  by  France,  Germany,  Sweden,  and  other  European  countries. 
With  this  method  only  the  matured  or  ripened  tree  is  cut  off.     The 
younger  trees  are  protected  and  saved.     The  policy  is  distinctly  one 
for  the  continued  utilization  of  the  forest  and  not  for  its  destruction. 
Again,  by  far  the  greatest  enemy  of  forests  is  fire,  and  with  the 
creation  of  a  forest  reserve  there  will  be  provided  guards  to  prevent 
these  fires  and  fight  them  when  the}'^  are  once  started.     The  general 
effect  on  the  nation  and  State  is  to  furnish  a  permanent  lumber  crop 
for  the  development  of  towns  and  cities. 

The  forest  is  a  great  natural  regulator  of  the  waters  used  in  irriga- 
tion. A  stream  proceeding  out  of  a  denuded  area  becomes  a  violent 
torrent  immediately  following  a  storm,  washing  great  gullies  in  the 
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sides  of  the  hills,  carrying  down  debris  and  stones,  and  deposit  i . 
them  on  the  valleys  and  lowlands.     The  stream  in  the  summer!!: 
dries  up,  and  a  condition  of  desolation  is  an  almost  inevitable  rt-^u 
If  storage  reservoirs  are  built  upon  such  a  stream  tbe  tendency  i*» 
rapidly  fill  them  with  debris.     An  engineer  could   scarcely  recni 
mend  the  construction  of  a  reservoir  on  any  of  the  branches  of  Sv " 
Creek  if  the  drainage  basin  above  it  were  denuded. 

Stony  Creek  presents  great  natural  opx>ortunities  for  the  regul- 
tion  of  storm  waters.  Surveys  made  for  sites  by  the  Geol<^fM 
Survey  show  that  the  construction  of  reservoirs  is  commercial; 
feasible.  The  climatic  conditions  along  the  foothills  are  such  -^ 
to  permit,  with  irrigation,  the  raising  of  any  crop  that  is  grown  in  *L 
State  of  California.  It  is  believed  that  the  day  is  not  distant  wb  : 
these  reservoirs  will  be  built,  when  the  foothill  land  vrill  be  undr' 
cultivation,  when  the  products  therefrom  will  be  as  valuable  as  fn-^ 
any  portion  of  the  State,  and  when  the  population  on  these  lands  «^. 
approach  an  inhabitant  to  each  2  acres. 

Glenn  County  is  confronted  to-day  with  a  decreasing  populatii  ' 
and  a  decreasing  iissessed  valuation,  as  a  result  of  efforts  at  drj'  fam- 
ing. With  natural  opi)ortunities  greater  than  any  that  exist  :: 
southern  California  it  has  not  reached  1  per  cent  of  the  developmen 
which  is  possible-  It  is  believed  that  the  day  will  come  when  th^ 
development  will  occur,  and  when  the  conservation  of  the  stream  wii. 
be  the  basis  of  its  successful  maturing.  It  would,  therefore,  seem  t«' 
be  ill-advised  for  the  county  to  oppose  the  creation  of  a  forest  reservt 
which  looks  toward  the  development  of  such  a  condition  as  tha* 
suggested,  particularly  as  the  only  compensation  which  would  h 
received  therefrom  would  consist  in  furnishing  pasture  for  a  U^^ 
thousand  sheep  and  goats,  which  would  range  over  the  hills  of  ihi 
back  country. 

The  forest-reserve  policy  is  not  hostile  to  stockmen.  It  wouM 
oppose  such  .unrestricted  overstocking  and  burning  off  of  mountain 
sides  as  is  now  being  practiced  in  the  drainage  basin  of  Stony  Crtefc. 
In  the  forest  reserves  of  other  portions  of  the  United  States  where  th- 
trees  are  mature,  and  where,  after  careful  study,  the  conclusion  hA5 
been  reached  that  stock  will  not  injure  the  reserve,  they  have  been 
permitted  to  range  therein  under  proper  regulations  and  restriction-\ 
and  particularly  with  safeguards  against  fires.  Cattle  range  tjiroiiirh- 
out  the  forest  reserves  of  the  Sierra  Nevada.  In  selecting  the  per!>on> 
who  may  range  stock  in  these  districts,  preference  is  always  given  i* 
local  residents.  It  is  absurd  to  claim  that  this  forest  reserve  is  beini: 
presented  and  promoted  by  large  corporate  interests  for  their  selfish 
advantage.  On  the  other  hand,  it  is  recommended  and  indorsed  hj 
many  of  the  most  intelligent  and  far-seeing  men  of  California  and  uf 
the  United  States. 
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PRECIPITATION  ANI>  CTjIMATK. 

Rainfall  records  in  Stony  Creek  Basin  above  the  proposed  points  of 
[nx>ounding  the  flood  waters  are  very  meager  and  fragmentary. 

A  record  at  Fonts  Springs,  in  the  watershed  of  Little  Stony  Creek, 
las  been  furnished  by  John  F.  Fonts  and  S.  E.  Sites  for  three  seasons, 
tnd  partial  records  for  two  other  years.  There  is  also  a  short  record 
bt  Little  Stony,  in  the  same  basin.  A  rain  gage  was  placed  at  Julian's 
ancli  house  on  main  stream,  February,  1901,  at  the  time  the  gaging 
;tation  -was  established.  These  records  are  the  only  ones  available 
lirectly  in  the  watersheds  tributary  to  the  proposed  reservoirs.  Rec- 
)rds  for  several  points  outside  of  the  basin  are  given  as  being  typical 
)f  the  rainfall  at  the  higher  elevations  of  the  watershed.  These  are 
Bartlett  Springs,  on  the  North  Fork  of  Cache  Creek,  which  adjoins  the 
{watershed  of  Little  Stony  on  the  south ;  Camp  Wright,  which  is  situ- 
it^ed  a  few  miles  west  of  the  crest  of  Stony  Creek  watershed;  and 
Weaver ville,  which  is  several  miles  north  of  the  basin. 

The  records  of  precipitation  at  Red  Bluff,  at  the  head  of  Sacramento 
Valley;  at  Jacinto,  which  is  situated  on  the  Sacramento  River  14  miles 
southeast  of  Orland;  and  at  Woodlands,  have  been  selected  as  typical 
of  the  rainfall  in  the  valley  lands  to  be  irrigated  from  the  stored  waters 
of  Stony  Creek. 


Precipitation,  in  inches,  at  Bartlett  Springs,  Lake  County. 
[Latitude,  '»>  W',  longitude,  \2S!P  45';  elevation,  2,875  feet;  authority,  J.  E.  McMahon.] 


Year. 

Sept. 

Oct. 

Nov. 

Dec. 

1 
Jan. 

1 

Feb. 

Mar. 

5.96 

.19 

8.49 

6.42 

Apr. 

0.75 
.63 
.85 

3.23 

1 

May.  June. 

July. 

Atig. 

Total. 

1897 

8.60 

1.58 

13.14 

7.51 

6.78 

8.36 

0 

1.27 

1 
0         0 

0 
0 
0 
0 

0 
0 
0 
0 

16.89 

1897-98 

0 
0 
0 

1.70 

0 
4.79 

2.31 

1.87 

10.06 

8.72 
1.23 
7.87 

2.89 
2.47 

1.10 
0 

21.98 

189&-«9 

28.05 

1899-1900 

.88       0 

42.06 

1900-1901 

1901-2 

1.17 
0 

1.80 
5.97 

5.86 
11.07 

4.0e 

1.71 

22.38 

5.98 

5.20 

8.40 

0 

0 

0 

51.62 

1902-3 



Precipitation,  in  inches,  at  Fonts  Springs,  Colusa  County, 
[Latitude,  89<'  20^;  longitude,  'iSSf'  40^;  elevation,  1,660  feet;  authority,  John  F.  Fonts  and  8.  E.  Sites.] 


Year. 

Sept. 

Oct. 

0.20 
.70 
0 

Nov. 

19.43 

.20 

1.25 

6.96 

Dec. 

4.85 
2.83 
4.85 

4.01 

Jan. 

Feb. 

2.00 

7.88 

.70 

3.53 

7.11 
4.06 

Mar. 

Apr. 

May. 

Jnne. 

T. 

T. 

0.66 

July. 

Aug. 

Total. 

1K85-86 

(0) 

0 

T. 

0 

9.29 

2.00 

10.88 

1.65 
2.12 
5.00 

5.01 
1.66 
3.84 

3.34 

1.95 
.79 

0.50 

T. 

2.14 

0 
T. 

(0) 

0 

0 

(0) 

42.96 

1886^87 

17.39 

1887-88 

28.25 

Mean 

.30 

7.37 

2.92 
5.17 

.88  1    .22 

0 

0 

29.62 

1882-a3 

2.08 
12.57 

' 

al6.31 

1900-1901 

5.41 

a  22. 88 

1 

a  Year  incomplete. 
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PreeipitcUion^  in  inches,  at  Little  Stony ^  Colusa  County. 
[lAtitade,  390  W;  kmgitade,  122o  dtV;  authority,  G.  M.  PoUey.] 


y=i-* 


Tear. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb.  Mar. 

Apr. 

]Cay.jJiuie.|  July.  AL-ag.  T^^ 

1884-« 

8.40 
8.51 

1.29 
8.44 

1.04       0 

1.38 
3.80 

0 

1.19  !      0           0         ■'   ' 

1885-86 

0 

0.27 

13.29 

0 

1.10 

1-.^ 

o  Tear  incomplete. 

Precipitation,  in  inches,  at  Julianas  ranch,  on  Stony  Creeks  Chlenn  Cauntj. 

[Latitude,  89o  d^;  longitude,  122*>  aO';  elevation,  750  feet;  authority,  Mrs.  Lee  Joli&n.  • 


Tear. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. ;  Feb. 

1 

Mar. 

Apr. 

;           1 
May. , Jizne. .  July.)  An^.  T  ul 

1900-1901 

4.26 
9.27 

0.12 
3.24 

1.24 
2.37 

0.50  10^0          0         «^  J 

1901-2 

1.07 

0.60 

8.18 

0.82 

0.85 

2.06  >      0            0          0         i'V 

1 

a  Tear  incomplete. 
Precipitation y  in  inches,  at  Camp  Wright,  Mendodno  Oounty. 
[Latitude,  39*>  45^;  longitude,  123*;  elevation,  1,800  feet;  authority,  17.  8.  "War  Departme&t 


Tear. 


Sept. 


1864r« '  0.08 

1866-66 1    .81 

1866-67 1     0 

1867-68 i  1.56 

1868-09. ......  — 


.05 

1869-70 1  1.42 

1870-Tl I     0 

1871-72 !    .50 

1872-73 1     0 


1873-74. 
1874-75. 


Mean. 


.05 
0 


.40 


Oct. 

Nov. 
6.19 

Dec.    Jan. 

0.85 

12.20 

8.64 

,87 

16.67 

2.05 

16.83 

0 

5.92 

24.67 

8.92 

3.75 

6.38 

29.08 

8.61 

.25 

2.79 

6.63 

13.57 

.84 

5.38 

8.06 

7.03 

0 

1.28 

1.19 

2.66 

.31 

4.08 

16.64 

11.52 

.36 

5.20 

7.24 

3.55 

.34 

4.98 

15.50 

12.94 

5.61 

12.99 

2.27 

9.83 

1.20 

6.58 

11.41 

8.92 

Feb.!  Mar. 


4.88 
4.30 
7.85 
6.89 
4.13 
6.61 
4.00 
19.78 
6.92 
5.46 
1.06 


3.67 
11.80 
2.38 
9.11 
a80 
2.40 
7.10 
5.34 
2.91 
7.26 
1.76 


6.50    5.22 


a  Tear  incomplete. 


Apr. 


0.36 
1.06 
3.10 
3.25 
4.51 
2.02 
1,07 

.66 
1.13 
3.72 

.59 


May. '  Jxme. ;  July. 


0.43  ! 


.01 

.71 

.55 

.38 

1.96 

.12 

.04 

1.16 

2.32 


L96       .77 


1.58 

0 

0 

0 

0 

0 

0 

0 

,  .04 

0 

.80 

0.10 

.26 

.01 

1      0 

0 

.20 

.01 

Aug.  Toul 


0 


0 
0 
0 
0 
0 

aao 
0 
0 
0 


3i\" 


I     ,08      *ii' 


J 
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Precipitation^  in  inches,  at  Weaverville,  Trinity  County. 
[Latitude,  40»  46";  longitude,  128o  25';  elevation,  2,162  feet;  authority,  (George  £.  Noonan.] 


Year. 

Sept. 

1.06 
.64 
.29 
.85 

Oct. 

Nov. 

Dec. 

Jan. 

10.11 
8.16 

19.62 
6.51 

Feb. 

Mar. 

Apr. 

1.06 

1.73 

2.48 

.50 

May. 

June. 

July. 

0 
0 
0 
0 

Aug. 

Total. 

«0-70.   

1.08 

1.89 

.40 

.78 

8.01 

6.41 

11.60 

8.01 

6.15 
9.48 
8.52 
6.32 

9.64 
U.19 
15.09 

4.29 

2.06 
8.02 
3.11 
2.78 

0.22 

1.06 

.84 

.27 

0 
0.14 
.17 
0 

0 

0 

0.25 

0 

89.88 

r70-71-. 

48.14 

171-72 

67.22 

J72-73 

24.81 

J73-74 

1.80 

4.89 

4.02 

9.57 

15.40 

4.41 

3.12 

8.58 

2.67 

.70 

0 

0 

49.66 

i74-75 

0 
0 

1.57 
2.82 

10.80 
15.89 

1.32 
11.94 

6.60 
9^69 

.46 
9.49 

2.14 
8.28 

.19 
2.79 

1.22 
1.68 

.98 
.15 

0 
0.47 

0 
0 

24.72 

¥75-76 

82.60 

¥76-77 

.67 
0 
1.28 
.08 

7.88 
1.88 
1.80 
2.06 

1.50 
8.72 
8.68 
8.09 

.29 

6.50 

4.91 

13.20 

6.27 

19.88 

2.02 

6.64 

6.24 

16.20 

6.48 

2.59 

4.52 

8.53 

12.84 

4.72 

2.26 

2.42 

4.05 

10.78 

1.62 
1.07 
4.02 
1.46 

1.72 

.m 

.68 
.28 

.02 
.02 
.02 
.86 

0.21 
.03 
.08 
.86 

32.70 

fi77-78 

65.22 

878-79 

41.71 

8rr9-«0 

50.56 

880-«l 

0 

.55 

1.49 

14.14 

18.61 

11.05 

1.21 

3.18 

1.15 

.99 

0 

0 

52.82 

881-82.-_ 

.UB 

3.77 

2.58 

8.00 

4.19 

6.90 

3.62 

2.44 

1.29 

0 

0 

0 

33.72 

88a-83 

l.dB 

8.86 

.78 

5.05 

4.46 

1.50 

3.24 

5.00 

8.72 

0 

0 

0 

83.49 

883-84 

.88 

2.45 

1.50 

4.97 

8.81 

8.56 

5.10  1  6.29 

1.60 

2.98 

.18 

0 

88.22 

.884-«B 

.44 

.11 

16.66 
6.47 

6.78 
7.15 

3.68 
9.41 

8.70 
7.06 

.15     2.78 

.51 

1.41 

0 

0 
.05 

86.12 

Mean 

.61     2.54 

4.27 

8.21 

1.52 

.63 

.07 

42.84 

Precipitation,  in  inches,  at  Jacinto,  Olenn  County, 
[Latitude,  89o  85";  longitude,  122«;  elevation,  110  feet.] 


Year. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. ' 
4.20 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Total. 

1892-93 

6.82 

2.67 

.85 

1.10 

8.13 
1.61 
8.69 
.94 
5.28 
1.40 
1.89 
3.40 

2.99 

3.71 
.89 
1.74 
2.92 
1.72 
.81 
4.29 
1.27 

0.87 

.51 

2.49 

4.08 

1.44 

1.24 

.22 

.09 

0 

0 

0 

0 

.44 

0 

.58 

0 

0 

0 

.86 

0 

0 

0 

0 

0 
0 
0 
..52 

1     0 

0 

29.49 

1898-W 

1894-96... 

0.47 
1.20 
2.83 

.68 

0 

.86 

: 

0.06 

1.88 

0 

4.50     1.47 
8.78     1.86 
9.37       .24 

18.42 
26.97 

1896-96 

22.14 

1896-97 

.68     8.06 

2.12     1.16 

.41  1    .49 

3.78 

.76 

6.86 

3.06 

3.54 
3.42 

0 

.17 

.n       .60 
2.07  1     0 
.36  1  1.21 

1.68  1    .72 

1 

20.50 

1807^98 

11.24 

1898-99 

15.89 

1899-1900 

1900-1901 

2.68 
2.42 

4.40 
5.00 

2. 72 

17.88 
a  7. 42 

1 

1 

1 

Mean.... 

.62 

1.21 

8.85 

5.09 

1.71  1  2.11 

1.60  1    .76 

1 

.12 

.04 

.06 

18.22 

a  Tear  incomplete. 
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PrexHpitation,  in  inches,  at  Woodlands,  I^o/o  Oounty. 

[Latitnde,88»42';  longitude,  121«  47';  elevation,  68  feet;  authority,  O.  P.  Co.,  1878-I«Ml  kk  £> 

drug  store,  lMH-1899.] 


Year. 


Sept. 


0.17 
0 
0 
0 

.GO 
.44 
0 


1878 

187^-79 

1879-«) 

1880^1 

1881-82 

1888-83 

188»-84 

1884-85 

1885-86 '  0 

1886-«7 1  0 

1887-88.--. ;  0 

1888-89 '  .56 

1889-90 0 

1880-91 60 

1891-92 0 

1892-98 1  0 

1898-94 ;  0 

1894-96 [  .85 

1896-96 !  1.37 

1896-97 .50 

1897-9K 02 

1898-99 :« 

1899-1900 0 

1900-1901 '  0 

1901-2 0 


Oct. 


0.22 

.21 

0 

.87 
1.88 
1.08 
1.00 

.20 

0 

0 

0 
5.82 

0 

0 

.57 

.08 
1.12 

.19 
1,27 
1.81 

.98 
3.56 
1.46 

.90 


Nov. 


0.89 
2.09 

.06 
2.08 
2.40 

.29 

0 
8.70 

0 

.40 
5.67 
a75 

0 

.40 
5.47 
1.71 

.85 
1.69 
3.76 

.66 

.47 
3.01 
5.17 
4.21 


Dec.  I  Jan. 


Mean. 


23 


.90  I  2.23 


0.42 
8.68 
8.77 
2.25 

.61 

.29 
4.63 
3.75 
1.29 
3.30 
4.97 
8.48 
2.35 
3.10 
6.10 
1.92 
10.82 

.90 
2.08 

.72 
1.53 
3.63 
1.22 

.92 

2.81 


8.17 
8. 08 
1.04 
4.94 

.89 
1.98 
3.47 
1.43 
4.78 

.80 
4.20 

0 
6.10 

.82 
2.05 
2.88 
4.12 
9.83 
11.87 
3.82 

.43 
5.67 
2.14 
8.26 

.34 

3.46 


Feb.  I  Mar. 


8.86 
8.20 
1.60 
1.86 
1.88 

.45 
3.84 

.12 

0 
5.68 
1.27 

.65 
2.40 
8.08 
2.73 
2.78 
2.15 
1.28 
I  .11 
I  5.21 
3.35 

.14 

.41) 
5.39 
6.62 

2.74 


3.88 

4.74 

.98 
1.05 
1.89 
3.18 
4.69 

.10 
1.31 

.65 
2.38 
6.21 
3.35 

.35 
2.14 
2.00 

.88 

.91 
2.08 
2.75 

.12 

14.46 

1.20 

.61 
2.01 


Apr.  May. -Jime.' July.  Aug 


2.64 


1.47 
1.91 
6.96 
1.53 

uar 

1.23 

3.83 

1.44 

4.10 

1.53 

.10 

.62 

1.00 

1.17 

1.28 

.62 

.42 

.62 

6.73 

.25 

.21 

.13 

.06 

1.91 

1.25 


1.70 


0.65 
1.68 


0.24 


O 

O 
4.12  , 
0 

0  ' 
0  ' 
0 

i.io  ; 

1.46 

i.eo  ' 

.43  t 
2.2£  ! 

.Ol 
l.4» 

.45 

.76 

•»; 

1.38  : 

.06   \ 
.54   I 

.n  . 


57 


.82 


O      I 

^    I 
o 

o    ; 

O      I 

o 

1 

.as 
o     I 
o     I 
o 

o    ! 

-77  ' 

o  ; 

O  I 
.00  I 

.1H| 
.78  I 
O  ' 
o     . 

.40  ' 


13 


1 

I 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

u 
o 

0 
0 
0 
T. 
0 

0 


!  0 

I     0 

I     0 

1^ 

1     0 
'     0 

; « 

,     0 

I     0 

0 

i  » 

•     0 

I 

I    0 

I     0 

'     0 

a  SB 

'  0 
0 
0 
0 
0 
0 


I'*- 


«  * 


Note.— The  figures  for  the  years  1894  to  1899,  inclusive,  are  the  mean  of  t/wo  records. 

^ean  monthly  and  annual  temperature,  in  degrees  FahretUt^f^  at  FYuto,  (rl' 

County, 


[Elevation,  295  feet.] 


Year. 

Sept. 

88.8 
82.9 

Oct. 

70.9 
63.5 

Nov. 

57.4 

58.2 

Dec. 

49.7 
48.9 

Jan. 

Feb.    Mar. 

1 

Apr. 

64.0 
62.8 

May. 

Jnx 

1888^89 

1889-90 

47.8 
41.6 

62.0  1    68.6 
48.3      62.9 

70.3 
71.2 

84. 

I  July. \ 


84.5     84.5 


-- ■! 
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f'n.71  monthly  and  animal  temperature^  in  degrees  FaJirenheitf  at  Willows,  Olenn 

County. 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

45.5 
48.3 

Mean 
annuaL 

78 

54.0 
50.8 

79 

42.9 

52.3 

56.9]  62.5 

66.1 

82.2 

84.1 

84.6 

77.5 

63.1 

68.8 

«0__ 

4j{.7 

46.2 

48.9  \  57.4 

67.5 

T7.2 

86.4 

80.3 

75.5 

66.6 

50.6 

50.1 

62.2 

4^1 

4»-2 

52.8  1  56.1     66.1 

74.7 

[77.4] 

88.4 

77.2 

76.7 

68.2 

51.4 

46.6 

[64.2] 

W2_-- 

43.6 

41.8 

58.6  1  57.8 

72.4 

82.7 

88.8 

84.5 

78.2 

64.9 

68.2 

43.9 

64.2 

W3-. 

;^.3 

46.5 

62.0  ^  68.8 

70.1 

[77.4] 

85.8  1  81.9 

81.1     63.8  1  55.2 

45.4 

[64.2] 

184 

47.4 

46.0 

58.9  1  53.2 

64.7 

76.6 

78.2  1  79.6 

68.1  ,  62.4  '  57.2 

45.2 

61.5 

585 

45.2 

47.2 

66.8  1  65.0 

71.6 

73.1 

79.2 

81.9 

76.9  1  69.0 

51.0 

50.5 

64.7 

»6 

44.1 

53.1 

52.3 

55.6 

67.5 

81.1 

82.7 

83.1 

80.0  1  64.2 

52.9 

51.0 

64.0 

*87 

50.0 

46.7 

60.2 

64.7 

73.1 

80.0 

86.3 

87.0 

78.4     71.7 

56.0 

46.3 

66.6 

*88. 

40.3 

51.1 

51.6 

64.1 

67.2 

70.9 

79.8 

78.8 

84.2  ,  67.8 

52.6 

47.6 

63.0 

«9 

42.9 

47.6 

61.8 

69.7 

67.9 

80.3 

82.2 

79.7 

74.7    60.7 

53.0 

46.6 

62.3 

®0._ 

42.2 

47.4 

49.9 

57.7 

69.8 

09.6 

1    .      . 



Mean 

44.0 

48.0  1  56.6 

1 

60.6 

69.3 

77.4 

88.6 

81.7 

77.8  1  64.8    53.5 

1 

46.8 

63.6 

Mean  monthly  ami  annual  temperature,  in  degrees  Fahrenheit,  at  Woodlands, 

Yolo  County, 

[Elevation,  63  feet.] 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

'  July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

46.6 
48.6 

Mean 
annual. 

1876 

i^.fl 

l«77 

49.7 

54.6  \  60.9 

61.7 

65.7 

77.1 

80.1 

76.1 

74.7  1  59.9 

54.9 

63.7 

1878 

48.7 

50.7  !  56.4 

61.6 

67.4 

75.4 

76.0 

75.7 

68.4     63.2 

54.5 

45.8 

61.9 

IH79 

44.4 

54.3     57.7 

61.7 

64.3 

76.0 

78.4 

79.6 

74.6  1  64.6 

53.3 

45.0 

62.8 

1880 

44.9 

47.2  1  50.0 

56.3 

66.2 

73.8 

78.7 

76.3 

72.9    65.9 

52.7 

51.6 

61.2 

1881 

50.4  '  55.3  1  513.4 

64.1 

70.8 

75.0 

88.8 

n.o 

74.3     64.1 

51.0 

49.2 

64.4 

1882 

48.1  1  45.4  1  .^.7 

61.0 

72.3 

74.7 

79.9 

76.4 

72.5     60.8 

50.9 

48.9 

61.8 

1883 

42.3  1  47.0  '  56.4 

58.1 

65.9 

79.4 

78.8 

75.5 

75.6  1  &3.2 

54.7 

42.0 

61.6 

1884 

46.5  i  45.6  1^4.2  ,  66.1 

66.6 

09.3 

79.2 

80.1 

72.1  ]  68.6 

59.0 

51.1 

62.4 

1885 

47.7     55.4     63.6  i  65.5 

72.9 
70.8 

68.5 

78.4 

74.7 
80.2 

77.5 
78.6 

78.8     67.6 

[55.2] 
53.3 

53.0 
51.1 

[64.6] 
63.5 

1886 

48.1  '  55.3 

57.1 

61.5 

71.7 

55.6 

1887 

49.2  '  47.6 
43. 2  i  46. 1 

60.8 
48.1 

62.0 
51.7 

70.0 
62.5 
65.9 
68.8 

81.6 
67.3 
72.1 
70.7 

82.8 
73.4 

75.8 

78.6 
76.1 
71.8 

n.i 

74.6 
70.9 

78.1 
68.8 
58.9 

68.1 
58.3 
53.3 

51.9 
50.1 
49.0 

67.8 

1888 

60.0 

1889 

44.0  <  46.5  !  54.0  i  59.9 

60.2 

1890 

41.2 

45.6  1  50.9  1  50.4 



Mean 

46.2 

49.8 

55.4 

60.0 

67.4 

74.2 

79.0 

76.9 

73.3 

64.6 

55.2 

48.8 

62.6 

e- 


Woodlands 

24-year  mean* 


Fouts  Springs 

3 -year  meant 


Red  Bluff 

2 2 -year  meane 


CO 

o 


9   e  A 


Ok  *•    * 

#     O     O     -     ^     _ 

CD   O   Z  Q  -?  U. 


S   <    S   T  ->   < 


Fio.  1.— Moan  montlUy  precipitation  at  Woodlands,  Fouts  Springs,  and  Bed  Bluff. 
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Climatological  data  for  Coming,  Orland,  and  Willows,  three  ik-: 
within  or  close  to  the  land  that  would  be  irrigated  from  the  «»■ 
stored  in  the  Stony  Creek  Basin,  are  given  for  the  years  1897  to  '. 
inclusive  t 

Climatologieal  data  for  Coming,  Orland,  and  W^illmrm. 


Temper»tnro  (degrseB 
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0  ;  ffi  las   3  i*-  ^^ 
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SB 
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31 
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"■«>»»   1  w  > 

M.0;  1161  Ang.    8 

24 

Jm 
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10.W4.26l  Feb. 

1 ;  40 r 

WUlDWB 

i:t2 

an 
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o'.ta  tnt   4  ^  < 

1SB9 
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as!  Feb 
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On  page  4  of  the  California  section  of  the  Climate  aud  Crop  Bnlici - 
of  the  Weather  Bureau  for  November,  1900,  is  an  excellent  and  m-' 
complete  collection  of  data,  compiled  by  Maurice  Connell,  obsernr 
which  are  given  in  full  as  fairly  representing  the  climatic  eonditi^t- 
of  the  territory  on  the  west  side  of  the  Sacramento  Valley  in  ih: 
vicinity  of  Willows,  Orland,  and  Coming. 

Red  Bluff  is  the  county  seat  of  Tehama  County,  at  the  northern  foi 
of  the  Sacramento  Valley.  The  city  is  situated  on  the  western  Iwiii 
of  the  Sacramento  River,  in  latitude  40"  10'  north,  longitude  1-i  '* 
west,  the  average  elevation  above  sea  level  being  309  feet.  The  las 
slopes  gently  to  the  river,  and  within  a  radius  of  5  miles  the  eonmr- 
is  comparatively  flat.  The  general  movement  of  the  air  is  from  il- 
north  and  northeast  into  the  valley  from  the  mountaius  on  the  nor: 
and  east.  During  the  summer  months,  however,  there  is  a  wi-i 
marked  northerly  movement  of  the  air,  which  is  in  part  due  toit>^ 
strong  westerly  indraft  through  the  Golden  Gate  and  its  subsetjori:' 
deflection  northward  through  the  valley.  The  highest  temperaiur 
recorded  is  114°  and  the  lowest  18°.  The  average  annual  precipiu- 
tion  is  '25. 5G  inclies. 
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ynthly  and  annual  mean  temperature  at  Red  Bluff,  Cal.,  in  degrees  Fahrenheit^ 

with  departures  from  normal. 


1 

De- 

tmw 
from 

Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane.  July.  1  Ang. 

Sept. 

Oct. 

Nov. 

Dec. 

An- 
nual. 

55.5 
57.0 
49.7 

1 
1 

47.4 
44.6 
40.4 

nor- 
mal. 

8 

47.3 
44.b 
44.5 

50.2 
53.6 
46.5 

60.4 
61.3 
65.8 

67.4 
62.5 
64.1 

81.0 
78.7 
78.9 

81.6     88.2 
81.6  j  83.4 
83.4  i  77.4 

72.9 
77.2 

65.4 
fti.O 

55.6 
51.0 
60.0 

64.0  1  +1.6 

•9 -- 

63.3  '  +  .9 

0 

74.7     65.3 

61.2     -1.2 

\\ 

50.0 

58.0 

55.6 

63.6 

69.3 

72.8 

78.7     76.4 

71.5 

57.5 

51.0 

46.9 

62.1     -  .3 

e 

44.1 
41.2 
46.2 
47.5 
46.2 

44.4 

45.1 
45.9 
53.5 
54.5 

52.5 
68.3 
51.6 
61.0 
52.8 

56.6 
56.3 
56.8 
62.1 

57.7 

67.4 
64.3 
68.0 
70  4 
66.9 

75.6 
80.3 
69.6 
71.6 
79.1 

84.3  1  81.2 
84.9  1  79.9 

78.4  81.5 
80.7  I  83.8 

60.8 
75.4 
67.8 
74,8 
76.6 

58.3 
57.7 
62.1 
65,6 
60.7 

61.3 
50.6 
54.7 
52.7 
51.3 

47.6 
44.4 
47.5 
49.8 
50.0 

60.2  1  -2.2 

s 

61.5  '  -  .9 

H 

60.8     -1.6 

as 

64.4     +2.0 

»-... 

82.6 

81.5 

68.2  1  +  .8 

H7 

48.7 

48.4 

58.9 

60.2 

68.8 

77.1 

85.9 

81.8 

76.4 

71.1 

66.2 

48^2 

64.4     +2.0 

8H 

40.9 
45.8 

53.9 
51.6 

54.5 
56.8 

67.0 
61.0 

68.1 
66.8 

70.7 
80.0 

^  80.9 
81.8 

88.7 
80.0 

81.2 
76.0 

68.2 
61.4 

64.8     48.8 

64.5  1  -»-2.1 

89 

64.4 

44.8 

63.8  1  +  .9 

90 

a9.2 

46.2 

50.8 

60.8 

67.6 

72.6 

80.4 

79.5 

74.4 

66.0 

67.9 

45.0 

61.6     -  .9 

91 

48.5 
47.1 

44.4 

53.0 

55.0 
56.0 

57.8 
54.1 

66.8 
65.6 

72.2 

71.8 

82.6 
78.7 

88.1 
80.4 

72.9 
72.0 

68.0 
63.5 

66.8 

42.5 

62.4  '      0. 

m 

56.1     47.6 

68.2     -  .2 

m.. 

,  48.2 

46.8 

49.8 

54.6 

65.8 

73.4 

80.4 

81.0 

67.5 

61.4 

53.5  1  50.2 

60.6  1  -1.8 

•w 

4S.4 

,  45.3 

51.5 

61.4 

66.8 

69.1 

83.0 

82.0 

74.8 

63.9 

59.0  1  45.0 

62.0           4 

»5 

43.8 

52.8 

52.8 

60.1 

66.2     78.2 

80.0 

81.2 

68.5 

67.0 

53.6  1  43.4 

62.2     -  .2 

)06 

1  48.8 
i  45.8 

58.2 
47.0 

53.8 
54.4 

52.2 
63.2 

61.0 
72.6 

77.4 
74.0 

85.3 
82.1 

78.8 
80.2 

72.8  1  67.2 
72.6  1  62.9 

50.8     49.0 
49.7  '  46.0 

62.5      f  .1 

«7 _... 

62.0     -  .4 

^m 

1  42.4 
1  48.8 

45.2 

1 

51.0 
51.6 

40.8 

60.2 
62.2 

64.4 
60.8 

63.6 
68.2 

66.6 

75.4 
77.9 

83.1 
82.0 

81.8 

73.8 

81.1 

72.6  ]  64.8 
78.0  I  61.0 

53. 6     45. 7 

62.5     +  .1 

»» 

54.4 
58.5 

45.6 

62.4       a 

Means  (28 
yeai-s)  . 

54.6 

50.8 

75.0 

81.9 

1 

72.9  1  68.7 

1 

46.7 

62.4 

Temperature  summaries.  Red  Bluff,  Cal. 


Highest 

monthly 

mean. 

Lowest 
monthly  1 
mean.     1 

Absolute  maxi- 
mum. 

Absc 
Day., 

>lutei 
Year. 

nini- 

"'        1 

1 

op.    1 

Mean 

daily 

range. 

Mean 
dailv 
vari- 
abili- 
ty of 
mean 
tem<- 
I)era- 
ture. 

Mean  rela- 
tive hu- 
midity. 

Month. 

Year. 

op 

1 
Year.| 

op 

Day. 

Year. 

op. 

6a.m. '5p.m. 

1 

P.ct. 

P.  ct. 

January 

1881     50.0 

1890 

:«.2 

27 

18U9 

77 

14 

1888 

18 

15. 6       3. 6 

87 

68 

February... 

'  1886     54.5 

1887 

43.4 

25 

1888 

82 

14 

1884 

22 

18.9       3.1 

82          56 

March 

'  1886     61.0 

1880 

49.7 

9 

1892 

86 

16 

1880 

28 

19.2      3.0 

82  ,        53 

April 

'  1888  '  67.0 

1892 

54.1 

24 

1898 

96 

18 

1885 

34 

22.2      3.3 

7«  1        43 

May 

1  1897     72.6 

1896 

61.0 

29 

1887 

110 

1      11 

1892 

38 

24.1 

8.9 

71  1        38 

June 

1  1878     81.0 

1884 

69.6 

30 

1891 

110 

1 

1898 

44 

27.1 

8.5 

59  '       26 

July 

1  1887  1  86.9 

1884 

78.4 

8 

|1887 

112 

1 

1881 

53 

30.5 

3,2 

49          18 

August 

1885 

83.8 

1889 

73.8 

22 

1891 

114 

1      22 

1881 

1      52 

30.6 

8.0 

49  ,       20 

September . 

1  1888 

81.2 

1882 

60.3 

1 

1891 

107 

9 

1884 

46 

3.2 

57  1        28 

October.... 

1887 

71.1 

1881 

57.5 

5 

i8we 

97 

1      14 

1881 

32 

24.6 

8.3 

67  1        38 

November . 

I  1894 

50.0 

1897 

49.7 

3 

1890 

88 

30 

1880 

26 

21.4  1    3.5 

75         56 

I>«cember 

1  1808 

50.2 

1891 

42.5 

5 

1885 

79 

i     ^^ 

1884 

1      « 

13.4  '    3.5 

87          70 

Annual 

1 

85.9 

39.2 

114 

1.  .  . 
1 



,       18 

1 

22.8  '    3.3 

70 

48 
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Precipitation  exceeding  2,60  inches  in  any  consectitive  ttcetity-four  ho^r 


b 


January  16, 1878.. 
December  5,  1879  _ 
January  29,  1881 . . . 
December  14,  1881 
November  3,  1882  . 
November  10, 18a5 
December  15,  1896 
January  10,  1899... 


Monthly  and  annual  precipitation,  in  inches^  at  Red  Bluffs  0<il. ,  iri7/«  <r* 

departures  from  normal. 


^    h 


—    i« 
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(greatest  amount  of  precipitation^  in  inches,  in  twenty-four  flours. 


Year. 

Jan. 
5.11 

Feb. 
2.41 

Mar. 

Apr. 

1 
May.  June. 

July. 
0 

Aug. 

Sept. 
0.22 

Oct. 

Nov. 

Dec. 

The 
year. 

« 

0.96 

0.76 

0.40 

0 

0 

1.38 

1.20 

0.45 

5.11 

9 -.... 

1.54 

1.36     1.56 

.43 

.58 

.30 

.03 

.28 

0 

.23 

1.68 

5.04 

5.04 

n 

.94 

.41  ,    .78  !  2.03 

.50 

0 

0 

0 

0 

.08 

.10 

1.84 

2.08 

A 

3.25 

.46  1    .27 

.56 

.70 

.44 

0 

0 

.74 

.68 

.33 

2.89 

3.25 

e 

.91 

1.38  '    .99 

1.03 

.26 

.13 

0 

0 

.37 

1.05 

2.88 

.62 

2.88 

B -- 1 

.76 

.39 

1.14 

1.72 

1.10 

0 

0 

0 

1.04 

1.08 

.43 

.40 

1.72 

i4 

1.12 

1.06 

2.17 

1.47 

.14 

.56 

0 

T. 

.17 

.68 

.04 

2.00 

2.17 

« 

.63 

.45 

T. 

.22 

58 

.71 

.05 

0 

2.91 

.06 

4.73 

1.83 

4.T3 

w 

L89 
.30 
.66 
.16 

2.02 

.18 

.43 

1.01 
.82 
.53 
.81 

1.51 

.22 
.89 
.15 
.85 
1.67 

T. 

.14 

.84 

.58 

.06 

T. 

T. 

.04 

0 

0 

T. 
T. 
T. 
-0 

0 

0 

.06 
.33 
0 
1.40 

1.35 
0 
T. 

1.70 
.01 

.21     1.81 
.77       .83 

1.80 

,7 

1.59       .62 
.96  '  1,26 
.45     1.96 

1.16  ,  1.71 

1.59 

P8._ 

1.61 

1.70 

0 

1.43 
1.83 
1.48 

1.61 

89 

1.95 

90- 

2.02 

91- 

1.44 

3.80  ,    .56 
1.36  i    .91 

.82 
1.12 

.48 
1.56 

.32 
.22 

.16 
T. 

0 
T. 

.10 
.29 

.44 
.72 

.19 
2.30 

.81 
1.79 

3.80 

92 

2.30 

I9B 

1.89 
2.00 
2.36 
1.38 
1.04 

1.40     1.20 
.86      .85 

.65 
.41 
.16 
1.80 
.83 

.26 
.56 

1.06. 

.77 
.04 

0 

.45 

T. 

T. 

.70 

.08 

.02 

.10 

0 

0 

0 

T. 

T. 

.54 

T. 

.81 
1.11 
.96 
.58 
.02 

.96 
.38 
T. 
.61 
1.08 

1.85 

.91 

.75 

1.36 

1.00 

.85 
1.70 
1.26 
2.64 

.98 

1.89 

(94 _ 

2.00 

195 

1.70 
.17 

1.06 
.58 

2.36 

)86 

2.64 

»7 

1.12      .90 

1.04 

88B 

.25 

1.54 

.01 

.41 

1.09 

.12 

0 

T. 

.20 

.23 

.58 

.92 

1.54 

899 

4.04 

.01 

1.56 

.48 

.34 

.79 

0 

.02 

0 

1.02 

1.00 
4.7:3 

1.54 

4.04 

Greatest 
monthly.. 

6.U 

3.80 

2.17 

2.06 

1.67 

.84 

.10 

.54 

2.91 

1.70 

5.04 

Summary  of  v)eather  conditions  at  Red  Bluff,  Cal. 


■ 

1 

1 

Mar. 

Apr. 

• 

1 

June. 

July. 

Aug. 

a 

1 

• 

■♦J 

8 

• 

1 

Dec. 

• 

1 

a 

Average  nninber  of — 

Clear  days 

11 

12 

13 

13 

17 

28 

28 

28 

24 

21 

17 

11 

218 

Partly  cloudy  days    1 0 

9 

10 

11 

9 

6 

3 

2 

5 

7 

7 

9 

88 

Cloudy  days !  10 

7 

8  [     6 

5 

1 

0       111 

3 

6 

11 

59 

Rainy  days 

11 

9 

11 

8 

6 

4 

1  i     0  I     3 

1 

4 

6 

12 

75 

Mean  cloudiness 

5 

4.4 

4.6 

4.1 

3.5 

2.1 

,0. 5 

1 

0.9 

;i.7 

2.6 

4 

5.5 

3.3 
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Number  of  thunderstorms.  Red  Bluff,  CfaJ^ 


Year. 

a 

Feb. 

• 

1 



1 

2 

1 
1 
2 
2 
1 
1 

1 

1 

1 

t 

1 
2 

< 
1 

1 

1  -•-> 

\ 

1 

i 

J? 

1 

1884 -. 

2 
1 

1885 -.-- 

1886    

1 

1 

1 

...  - 

1887... 

1 

2 

1 

'   1 

^ 

1888    

1 

1 

4 

)  ' 

1 
1 

1889 

2 

1 

1890... i 

2 



1 

1891 

1 

1 
1 

1 

1 

_  — ,  — 

1 

1892 

i 

2 

1 
1 

1 
1 

1 

] 

1 

1898 1.... 



1 

1 

1894 -  -- 

2 

1 

1 

1 
■"  "  "  -  I  ■ 
1 

1895 .... 

1 

1 
2 

L 

1896 .... 

i 

1 

2 

1897 _ !---- 

2 
2 

1 

1 

1  ' 

1898 

2 

1 

1 

1 

1899 

1 

1 



1 

1 

1900 - 

2 

1 

1 

1 

1 

J 

1 

I 

r 

I 


,  I 


Dates  of  first  and  last  killing  frosts  from  18Sg  to  1899^  itielusive. 


Year. 


1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 


Last  in 
spring. 


Mar.  20 

Feb.  17 

Mar.  11 

Feb.  9 

Mar.  1 


First  in 
anttimn. 


Nov.  12 

Nov.  25 

Dec.  11 

Dec.  21 

Nov.  21 


Feb.    27     Nov.   24 
Mar.     3  !  Dec.      6 


Feb.    17 
Feb.    27 


Dec.    27 
Dec.    10 


Year. 


1891. 

1892 _. 

Feb. 
Feb. 

1898 

1894 

1895 

1896 

Mar. 
Mar. 
Mar. 
Apr. 
Mar. 
Mar. 

1897. .- 

1898 

1899 

Feb. 

in 
spring. 


25 

9 

13 

4 

14 

19 

30 

34 


Firsic 


'  Dec.  ^ 

'  Not.  ^ 

,"  Nov.  Ir 

Nov.  -- 

Nov.  i: 

Nov.  ^ 

Nov.  ' 

Nov,  5» 

Dec.  IJ- 


RUN-OFF. 

A  gating  station  was  established  January  30,  1901,  on  Stony  Cmt 
at  Julian's  ranch,  6  miles  northwest  of  Fruto  and  If  miles  above  tbf 
proposed  Mill  Site  dam.  Daily  gage  heights  have  been  kept  and 
numerous  meter  measurements  have  been  made,  from  which  ratiiu: 
curves  have  been  constructed  for  estimating  the  daily  flow  and  totel 
annual  run-off  from  the  basin.     The  total  run-off  from  February  1  ^ 
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©ceml>er  31,  1901,  was  estimat-ed  as  298,578  acre-feet  or  0.57  second- 
et  per  square  mile,  which  amounts  to  7.39  inches  in  depth  over  the 
ilire  '^w^atershed  when  taken  as  760  square  miles. 
Table  of  daily  flow  from  February  1,  1901,  to  December  31,  1902, 
given  on  page  35;  also  the  estimated  monthly  discharge  for  1901 
id  1902. 


aily  mean  discharge  in  second-feet  of  Stony  Creek  at  Jvlian's  ranch  for  1901. 

[Drainage  area,  700  square  miles.] 


1 

r>ay.          1  Jan. 

Feb. 

1,225 

1.125 

1,025 

1,025 

1,225 

1,025 

925 

925 

825 

825 

725 

725 

1,125 

1,920 

1,325 

3,875 

2,790 

2,215 

10,385 

8,215 

5,611 

3,875 

6,479 

4,528 

3,441 

3,224 

2,790 

2,390 

Mar. 

2,215 

1,785 

1,540 

1,325 

1,225 

1,125 

1.025 

925 

925 

1,025 

1,125 

1,025 

925 

825 

825 

825 

825 

825 

725 

630 

630 

630 

555 

555 

555 

'     555 

566 

565 

490 

490 

4aj 

Apr. 

435 
4a5 
490 
490 
435 
490 
435 
435 
386 
340 
340 
300 
300 
340 
385 
385 
340 
340 
300 
300 
300 
260 
200 
225 
225 
225 
225 
225 
630 
556 

May. 

555 
566 
490 
490 
-   490 
436 
385 
885 
386 
340 
340 
340 
340 
340 
340 
300 
30O 
300 
260 
280 
300 
300 
300 
300 
340 
300 
300 
300 
200 
280 
225 

June. 

July. 

2 
2 
2 
2 

Ang. 

10 

10 

10 

10 

5 

5 

5 

5 

5 

5 

5 

n 

Sept. 

5 
5 
5 
5 
5 
5 
5 

t0 

o 
5 
5 
5 
5 

» 

0 
5 
10 
10 
10 
10 
10 
10 
10 
15 
15 
15 
25 
25 
25 
25 
25 
725 



Oct. 

300 
200 
200 
225 
225 
225 
195 
165 
140 
140 
117 

77 
77 
62 
47 

;i5 

25 

L5 

15 

10 

5 

5 

2 

200 
300 
310 
340 
62 

Nov. 



47 
35 
85 
85 
36 
% 
35 
85 

35 

\i 

47 

47 
47 

97 
62 
77 

165 

165 

'     340 

340 

aw 

225 
1      195 

195 

195 
1  1,125 

630 

1 

Dec. 

1 

195 
195 
166 
166 
165 
140 
140 
117 
97 
97 

n 

62 
62 
47 
47 
86 
36 
25 
25 
16 
15 
15 
10 
10 

6 
5 

340 

J 

1,325 

1 

630 

1 

l._ , 

3,875 

5 1 

1,325 

s 

1,125 

1 

435 

8  ._ 

435 

1 
9        

385 

1 
0 .1 

340 

1 1 

340 

2 ' 

200 

3 ' 

15           5 
15           5 
15           5 
15  :           5 
15           2 
15           2 
15           2 
15           2 
10           2 
10           2 
10           2 
10           2 
10  \         2 
•10  1         2 
10           2 
10           2 
10  \         2 
10  1         2 

225 

1 

4 , 

15 

16 ' 

17 1 

18 ! 

19 

20 

195 
165 
166 
140 
140 
140 
117 

21 

117 

22 

97 

23 

77 

24 

77 

25 

97 

26 

97 

27 

117 

28 

117 

29.. 

97 

30 

1,825 
1,325 

97 

81 

97 

IRB 

86— ( 

03 — 

-3 
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Daily  diHcharge,  in  second-feet ^  of  Stony  Creek  at  Jiili€in''s  ratich^for 

[Drainage  area,  760  square  miles.] 


i.f  - 


1 
2 
3 
4 

5 
(> 

< 

8 
0 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
2:3 
24 
25 
20 
27 
28 
2» 
30 
31 


Day. 


Total . . . 

Mcian  - . . 

Run-oflF.  i>er 
square  mik'. 

Run-ofr,  in 
inches 


Jan. 

125 
150 
125 
125 
125 
lOS) 
109 
109 
109 
1U9 
100 
109 
100 
109 
100 
109 
109 
109 
lOJ) 
109 
109 
125 
125 
125 
109 
109 
109 
100 
109 
109 
109 


Feb.  I  Mar.  |  Apr.  >  May. 


109 
125 
125 
109  ' 
125  ' 
4.'«)  I 
2,390  I 
3, 175  [ 
3, 175  i 
3,751)  ' 
5. 170 
3, 175 
2,510 
2,7a5 
4.:«0 
3, 175 
3,0C«  ; 
2,160 
2,160 
2,380 
3,315 
4,360 
7,800 
14,650 
13,150 
9,890 
12,6ef) 
7,600 


5,800 
7,(«0 
4,360 
3,750 
2.«« 
3,315 
3,315 
5. 170 
4.530 
3, 175 
3,900 
2.510 
2,510 
2,510 
2,510 
2,510 
2,390 
2,275 
2,050 
2,050 
1,940 
1,940 
1,080 
1,080 
1,000 
1,000 
920 
920 
920 
920 
920 


920 
1,000 
1.080 
1,165 
1,250 
2,510 
4,680 
3.815 
2,900 
3,510 
2,275 
1,940 
1,430 
I  1,525 
j  1,625 
;  1,430 
l,:i40 
1,250 
1,165 
1,080 
1,165 
1.000 
1,080 
1,000 
1,080 
920 

mi 

840 
766 
690 


690 
620 
550 
850 
490 
490 
840 
1,000 
920 
840 
765 
840 
840 
840 
690 

oao 

620 
620 
550 
490 
490 
430 
430 
370 
370 
370 
320 
330 
270 

370 


June.   July. 


8,5:)3   117, ««  80,220  45,670   17,925 


114  ;    4,201     2,588     1,522 


.15  ;      5.53      3.41       2.00 


5.76      3.i«  I    2.23 


578 
.76 

.88 


370 

9 

300 

9 

27t) 

9 

870 

9 

270 

9 

225 

5 

225 

2 

225 

2 

186 

2 

185 

2 

150 

2 

160 

2 

150 

2 

125 

2 

125 

2 

109 

2 

94 

2 

94 

2 

80 

2i 

67 

2 

55 

2 

44 

2 

44 

2 

35 

3 

35 

2 

27 

2 

5 

2 

5 

2 

5 

2 

5 

2 

2 

3.919 

100 

1 

132 

3! 

1 

.17 

1 
0 

.19 

0 

Aa^.    Sept.  '   Oct.     Kot 


2 
2 

S   \ 
2 

2  1 
2 

2 ; 
2 

*  ! 
2  I 

2I 

2I 

2  > 

1 

2  I 

2  I 

2; 
2  ' 

2  < 

6.' 

s! 

5 
a 
5 
5 

80 


5 

1 

5  > 

^  I 
5  1 


5 

5 

5 

5 

5 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

14 

14 

14 

14 

14 

14 

14 


1 


3 

0 
0 


01 


(>1 


55 

Ym 

55 

I'ft 

55 

Y\ 

55 

HA 

55 

I««* 

55 

E5 

55 

» 

fsr 

.      *f» 

67 

5,«H& 

67 

:i«6 

67 

iia* 

67 

I.-tS 

67 

1,43' 

m 

1,3*' 

m 

1.3*1 

80 

1,:* 

80 

!.«?• 

W 

2.76 

80 

3.96 

80 

-«5 

80 

2.1ft» 

94 

2.te> 

94 

!.»' 

185 

!.*!» 

225 

1.835 

186 

1,8K 

150 

1.:* 

125 

l.fiS 

125 

l,5g5 

125 

1.4?0 

109  . 

t« 


2,844  '47,535 


92     1.5(4 


.12      i* 


14      2-» 


J 
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Estimated  monthly  discharge  of  Stony  Creek  at  Julian's  ranch, 

[Drainage  area,  700  square  miles.] 


Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Bun-olf. 

HConth. 

Maximnm. 

Minimum. 

Mean. 

2,707 

893 

361 

349 

66 

7 

4 

35 

130 

161 

425 

428 

Second-feet 

I)er  square 

mile. 

Depth  in 
inches. 

1901. 

"•eljmttry  « 

laroh  _ 

^pril    

■ 

10,385 

2,215 

630 

555 

195 

10 

10 

725 

340 

1,125 

3,875 

725 

435 

225 

225 

5 

0 

3 

5 

0 

35 

77 

150,339 

54,908 

31,481 

21,459 

8,927 

430 

246 

2,083 

7,993 

9,580 

26,132 

3.56 
1.18 
.48 
.46 
.09 
.01 
.01 
.05 
.17 
.21 
.56 

3.71 

1.36 

.54 

^SbV        

.53 

Fime  - 

.16 

filly        

.01 

.\ngust  - 

September 

3ctober  _ 

NTovember  _ 

December 

.01 
.06 
.20 
.23 
.64 

11  months 

10, 385 

150 

14, 650 

7,000 

4,680 

0 

298, 578 

7,010 

233, 312 

159, 130 

90,565 

35, 540 

7,855 

184 

184 

536 

5,657 

94,255 

69,604 

.'57 

.15 

5.53 

3.41 

2.00 

.76 

.17 

0 

0 

.01 

.12 

2.08 

1.49 

7.39 

1902. 

January 

Febmary 

Marcb 

109 
109 
920 
690 

114 

4,201 

2,588 

1,522 

578 

132 

3 

3 

• 

9 

92 

1,584 

1,132 

.17 
5.76 
3.93 
2.23 

Mav  -    -  - 

1,000  !            270 
370  1                5 

.88 

June 

.19 

July  -    --- 

9 
5 

14 

225 

5,005 

2, 765 

2 

2 

5 

55 

109 

690 

0 

Au^i8t 

September 

October  _ 

November 

December 

0 

.01 

.14 

2.32 

1.72 

The  year . 

14, 650 

2 

997 

703, 832 

1.31 

17.35 

«  Maximum  flood  discharge  of  Stony  Creek  February  19,  1901,  8  p.  m.,  estimated,  18,000  second- 
feet. 

StLT. 


The  vegetable  covering,  geologic  character,  and  grades  of  the  water- 
shed of  Stony  Creek  and  tributaries  are  such  that  the  streams,  even 
in  flood,  carry  a  comparatively  small  quantity  of  silt. 

The  setting  aside  of  the  principal  part  of  the  waterslied  as  a  forest 
reserve  would  assure  the  preservation  of  the  forest  at  the  headwaters 
and  the  regulation  of  the  run-off,  and  hence  the  continuation  of  the 
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present  favorable  condition  for  the  long  life  of  storage  reservoirs  tl 
may  be  built  to  imi)oand  the  flood  waters  of  these  streams. 

STORAGE  POSSEBrLirrEB. 

For  the  investigation  of  the  storage  x)ossibilities   of  Stony  Cn-- 
nearly  the  entire  drainage  basin  was  visited.     Stony  Creek  has  a  w 
peculiar  topographic  catchment  area.    The  main  etream,  flowing  n<'r! 
erly  and  parallel  with  the  Ck)ast  Range,  lies  wholly  in  the  sedimeEta' 
rock,  and  is  fed  by  several  tributaries  coming  into   it   from  the  v-- 
from  the  granitic  crest  of  the  range.     These  tributaries,  until  ib 
enter  the  sedimentary  rock,  have  a  very  heavy  ^racle,  and  resen 
sites  are  therefore  not  found  thereon.     At  various  points  in  the  hi- 
a  conglomerate  of  more  or  less  hardness  is  upturned  in  lines  pam  / 
with  the  axis  of  the  main  range,  and  has  resisted  erosion  to  a  vr- 
large  extent.     Wherever  this  ridge  has  been  crosscut  by  the  vari^  - 
streams,  dam  and  reservoir  sites  of  more  or  less  merit  are  foimd. 

No  exploration  for  bed  rock  was  made  at  any  of  the  following  'l 
sites,  and  consequently  the  estimates  in  this  particular  are  im^r 
preliminary  and  should  be  confirmed  before  construction  is  underUt^^ 

GRINDSTONE  CREEK. 

Grindstone  Creek  joins  Stony  Creek  in  sec.  16,  T.  21  N.,  R.  ti  W 
Mount  Diablo  meridian,  draining  a  large  part  of  the  most  prodmr/: 
portion  of  the  basin.  At  a  point  about  4  miles  above  its  in<'i • 
the  stream  intersects  and  passes  through  one  of  the  conglonifra> 
ridges  above  referred  to,  but  as  its  canyon  above  is  narrow  it  was  i  ■ 
considered  of  enough  importance  to  make  surveys  to  determine  > 
reservoir  capacity  of  this  site. 

SALT  CREEK. 

On  Salt  Creek  the  same  conglomerate  is  upturned,  and  the  re^^ 
voir  conditions  are  practically  tlie  same,  except  that  the  iiv^ater  supi 
is  much  less. 

NORTH  FORK  OF  STONY  CREEK. 

On  the  North  Fork  of  Stony  Creek,  at  the  town  of  Newville,  ft  r^" 
ervoir  site  was  found  and  surveyed  by  means  of  a  plane  table  uj'' 
the  60-foot  contour.  The  capacity  was  found  to  be  25,400  acre^* 
at  that  level,  distributed  over  an  area  of  1,350  acres.  The  foucl- 
tions  and  abutments  for  this  dam  are  not  good,  however,  and  the  W 
to  be  covered  would  be  some  of  the  most  valuable  in  the  couin 
The  drainage  area  tributary  to  this  reservoir  site  is  insufficient  ^ 
supply  this  amount  of  water  except  in  years  of  excessive  TBinfa- 
therefore  no  estimates  of  cost  of  building  a  dam  at  this  point  ^*^' 
made.  Owing  to  this  insufficient  drainage  area,  a  reconnaissancf  ■ . 
means  of  hand  level  and  barometer  was  made  to  determine  the  ik»n^' 
bility  of  diverting  Thomas  Creek,  the  next  creek  to  the  west,  intotb' 
reservoir  site.     From  the  cursory  examination  made  it  appears  li'"*'' 
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here  are  no  engineering  difficulties  to  be  encountered  which  could 
lot  lie  overcome,  except  that  of  a  heavy  cost  for  the  work.  It  would 
»rol>»bly  not  he  public  policy,  however,  to  divert  this  stream,  as  a 
■eservoir  site  exists,  and  was  surveyed  by  others  several  years  ago, 
i.l>out  3  miles  south  of  the  town  o(  Paskenta,  Tehama  County,  on 
rhomas  Creek.  Xo  information  as  to  the  capacity  or  cost  of  this 
■©servoir  could  be  obtained,  and  surveys  wore  not  considered  justi- 
ied.  The  dam  site  appears  fair,  and  the  basin  above  it  is  extensive. 
\s  tliis  was  outside  of  the  Stony  Creek  investigation  no  surveys  were 
:iiade.  Thelocalityupon  which  this  water  should  logically  be  diverted 
s  tilie  land  naturally  tributary  thereto,  either  in  the  basin  of  Thomas 
Oreek  or  at  the  point  where  it  debouches  into  the  Sacramento  Valley. 
BRISCOE  CREEK. 
This  creek  has  a  catchment  area  of  50  square  miles  of  good  moun- 
tain drainage.     The  crest  of  the  drainage  is  a  high  mountain,  locally 


Fia.  £.— BriBOoe  dun  site.  Stonr  Cra 


knbwn  as  Sheetiron  Mountain,  and  inhabitant-H  of  this  locality  report 
that  it  lien  in  what  may  l>e  termed  a  "  rainy  belt,"  having  a  width  of 


38        STORAGE    BESERVOIR3    ON    STONT    CRERC,    CALTFOBinA.  >  ■ 

about  6  miles  and  extending  northeast  from  this  luountam  aboc 
miles.  Briscoe  Creek,  in  sec.  30,  T.  20  N.,  R.  C  W.,  M.  D.M.,  inteft*-- 
conglomerate  bed  in  a  narrow  rocky  gorge  that  iu  pl&ces  is  onlyS' 
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Fin.  *.— Plan  of  concTPte  lUm,  Brlacoe  reeeproir. 

wide.  The  site  was  Hurveyed  and  found  to  have  a  capacity  of  14,>' 
acre-feet  with  a  dam  135  feet  high,  A  subsidiary  dam  at  the  divMr 
l,70(t  feet  nortli  of  dam  site,  will  also  l>e  neceasarj',  with  n  nia\iniuiD 


/ 
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eight  of  30  feet.  The  conglomerate  at  the  (lain  site  is  very  hard  and 
onipact,  a  aample  taken  weighing  143  pounds  per  cubic  foot.  Ited 
o(;k  is  nt  the  surface  in  the  canyon  at  the  dam  wite,  and  the  wallii  of 
lie  canyon  are  good. 

It  is  considered  that  the  best  type  of  dam  for  this  place  will  be  a 
ock  and  concrete  gravity  dam  with  a  concrete  spillway  at  the  anb- 
idiary  dam. 

Xlie  following  estimates  with  regard  to  the  concrete  are  based  on 
lie  assumption  that  25  per  cent  of  the  conglomerate  rock  will  quarry 


Via.  B.— Sectioii  of  concrete  dam.  Briscop  reservoir. 

out  in  large  blocks  and  that  these,  aft«r  having  their  surfaces  thor- 
oughly cleaned,  can  be  embedded  in  concrete  and  will  Ofcnpy  at  least 
one-fifth  of  the  cubic  contents  of  the  dam.  For  purposes  of  com- 
parison of  cost,  three  types  of  dam  have  been  estimated  upon.  First, 
the  above-mentioned  concrete  gravity  dam  of  light  en)8s  section  and 
having  a  curve  upstream  on  a  radius  of  300  feet,  with  a  small  i-eturn 
curve  at  each  end,  to  fit  the  ground.  With  this  design  the  overflow 
would  be  through  the  spillway.  Second,  a  conci-etc  overflow  dam 
curved  with  a  300-foot  radius  and  with  a  cross  section  the  same  as 
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Pig.  6.  —Plan  of  spillway,  Briscoe  reaervoir. 


Fio.  7.— Section  of  Rpillway,  Briaooe  reservoir. 
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3sig»ned  for  the  Sail  Carlos  dam  on  the  Gila  River,  Arizona.  In  this 
[an  the  surplus  water  would  pass  over  the  dam.  And  third,  a  dry 
ibble  or  loose  rock  dam  with  straight  crest  and  a  plank  water  face. 

Ill  connection  with  the  first  and  third  type  a  concrete  weir  dam  has 
een  designed  for  a  spillway  at  the  location  for  the  subsidiary  dam. 

For  the  second  type,  or  overflow  dam,  an  earth  subsidiary  dam  is 
esi^i^ed  with  concrete  cut-off  wall  riprapped  on  water  face.  A  con- 
nate tower  and  tunnel  outlet  has  been  designed  for  each  of  the  types; 
hat  for  the  loose  rock  type  requiring  a  longer  outlet  tunnel  and 
:)nger  bridge,  connecting  tower  with  crest  of  dam. 

The  following  data  have  been  used  in  connection  with  designing  an 
overflow  concrete  dam  for  the  spillway: 

The  area  of  watershed  is  50  square  miles.  Assuming  the  highest 
irobable  flood  discharge  at  100  second-feet  per  square  mile,  we  have 
►,000  second-feet  flood  discharge.  It  is  desirable  to  have  the  surface 
evel  of  the  reservoir  at  the  180- foot  contour  (based  upon  an  assumed 
latum),  which,  therefore,  will  be  the  level  of  lip  of  spillway  weir. 
Phis  will  give  a  depth,  of  120  feet  of  water  in  the  reservoir.  The 
owest  jjoint  in  the  divide  where  the  spillway  is  to  be  is  at  154  feet 
elevation.  Maximum  height  to  crest  of  weir,  26  feet;  length  on  top 
it  185-foot  contour,  550  feet;  length  of  weir  opening  at  180-foot  con- 
!iour,  500  feet.  With  a  depth  of  water  over  weir  of  2i  feet  the  dis- 
3harge  capacity  will  be  6,580  second-feet,  and  with  a  depth  over  weir 
Df  4  feet  the  capacity  will  be  13,320  second-feet,  and  the  water  level 
will  be  within  1  foot  of  the  crest  of  main  dam,  the  latter  case  being  a 
most  extreme  assumption. 

Capacity  of  Briscoe  reservoir. 


Contour. 

Height  of 
dam. 

Area. 

Capacity 
between 
contours. 

Total 
capacity. 

Feet. 

Feet. 

1       Acres. 

Acre-feet. 

Acre-feet. 

70 

10 

1.7 

8.5 

8.5 

80 

20 

10.7 

62 

70. 5 

00 

30 

17.2 

139.5 

210 

100 

40 

30.6 

239 

449 

110 

50 

53.0 

418 

867 

120 

60 

71.9 

624 

1,491 

130 

70 

99.1 

855 

2,344 

140 

80 

144.8 

1,219 

3,565 

150 

90 

211.1 

1,779 

5,344 

160 

100 

271.0 

2,410 

7,754 

170 

110 

347.8 

3,094 

10,848 

180 

120 

401.5 

3,747 

14, 595 

Elevation  of  outlet  30  feet  above  bottom  of  reservoir. 
Elevation  of  spillway  120  feet  above  bottom  of  reservoir. 
Capacity,  14,595-210=14,385  acre-feet. 
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Length  of  dam  on  crest  -.- 

Width  of  crest 

M&ziinnin  height    - .-.    ..._._ _ 

Radios  of  crest - -  - _  _ '■ 

Elevation  at  base  of  dam __ >■ 

Elevation  at  ouflet- . - ^ 

Elevation  at  creet  of  spillway - _ 

Elevation  at  crest  of  dam •• 

Front  slope _ ■: 

Back  slope --- . .it.  :• 

Capacity  of  reservoir,  14.385  acre-feet. 

Specific  gravity  of  conglomerate,  14S  ponnds  per  cubic  foot. 

COST. 

3,188  cubic  yards  rock, at  $1 _ $3.  i-.' 

12,744  cubic  yards  concrete,  at  $10 laT.W  ■ 

Spillway,  4,787.8  cubic  yards  concrete,  at  $10 4T.">  ■ 

Towerandontlettnnnel,  complete H,*^' 

Bridge.  l.Vf<x)t  span _ :. 

Plant  and  material - 10.("'.  ■ 

Right  of  way - ..  i.i*"'. ' 

l98.4->> 
EIngineering  and  contingencies,  10  percent-- -.. I9.•4^' 

Total -.       -    .    aiS.SJ!."- 

Costper  acre-foot  stored.  $i!i.n. 
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100  FEET 


Fia.  9.— Eleyation  of  concrete  overflow  dam,  Briscoe  reseiToir. 
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Fig.  10.— Crofls  section  of  concrete  overflow  dam,  Briaooe  reservoir. 
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Fio.  11.— Plan  of  Kabeldlary  earth  dam,  Briscoe  ronoi  voir. 

p    .     ,    >»   . — '^ 

^'^^  fort*  --<-Ar 
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Fiu.  1!^.— Orof»  Boction  of  subsidiary  earth  dam,  Briaooe  resmrvoir. 

Estimate  of  dam  on  Briscoe.  Creek ^  type  No.  S^  concrete  overflow  dam,  San^''-"" " 

cross  section. 

SPECIFICATIONS. 

Length  of  dam  on  crest ^ 

Width  of  crest _ ' 

Maximnm  height 

COST. 

3,572  cubic  yards'  rock,  at  $1 |3.5"i  * 

14,288  cubic  yards  concrete,  at  $10 143,.**' 

End  walls  and  bridge  pier  opposite  tower,  349  cubic  yards,  at  $10 3,^' ' 

Protection  along  toe  of  slope  (concrete) _ 5.U*  " 

Subsidiary  dam  of  earth  with  cut-off  wall  of  concrete  and  riprapped 

on  water  face _ 15.^^' 

Outlet  works,  tower,  tunnel,  bridge  along  axis  of  dam  to  tower 1*^'^  ' 
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Hit  «aid  material - .■.._  910,000.00 

jfat  of  way_. _._ 1.000.00 

191. 91 4.  .-K) 
Kin^erio); and contiiigeiicies.  10 per  ceot ___     19, 191.45 

Total _..  211,105.95 

^oat  per  acre-foot  Btored,  $14.67. 


Plan  at  rook-flUed  dam,  Brisooe  dun  alM. 


7iu,  It.— IJecUoD  of  ruck-flUed  dam,  BrlsiHie  dam  Bite. 
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Fig.  16.— Plan  of  spillway,  Briscoe  dam  site. 
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Fig.  Itt.— Soi'tion  of  spillway,  Briscoe  dam  site. 
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Estimate  of  dam  on  Briscoe  Creek,  type  No,  Sy  loose  rock  dam, 

SPECIFICATIONS. 

Peot. 

Srth  of  dam  on  crest 360 

Ith  of  crest 20 

[iinnin  height 125 

rer  slope Htol 

)er  slope _ li  to  1 

COST. 

.56  cnbic  yards  loose  rock,  at  $1 - $78, 856 

il>er  face,  270,000  feet,  at  $25  a  thousand 6, 750 

icrete  filling  between  stringers,  930  cubic  yards,  at  $10 9, 300 

mbble  wall  under  plank  face,  3  feet  thick,  3,744  cubic  yards,  extra 

>Ht.at$1.50. - 5,566 

;avation  for  concrete  cut-off  wall:  370  cubic  yards,  at  $2,  $740;  1,130 

cibic  yards,  at  75  cents,  $848 1, 588 

icrete  to  bed  rock  under  plank  face,  1 ,500  cubic  yards,  at  $10- 15, 000 

ver  and  tunnel  outlet,  100-foot  span  Pratt  truss  bridge,  etc 11, 000 

Uway  same  as  for  type  No.  1 47, 878 

nt  and  material 10, 000 

fht  of  way - . .  1 ,  000 

186, 938 
gineering  and  contingencies,  10  per  cent 18, 694 

Total -. 205,632 

}o8t  per  acre-foot  stored,  $14.29  +. 

Type  No.  1  is  recommended  for  this  site  as  possessing  the  most 
itures  suitable  to  the  locality  and  conditions. 

Type  No.  2  is  not  considered  very  safe  owing  to  the  converging 
ape  of  the  narrow  canyon  at  the  toe  of  outer  slope  which  would 
"er  immense  resistance  to  the  flood  water  discharging  over  dam,  and 
e  character  of  the  rock  is  such  that  it  would  be  liable  to  give  way 
ider  the  impact. 

Type  No.  3  is  not  recommended  because  of  the  unstable  character 
a  plank  water  face  and  the  ultimate  necessity  of  replacing. 
It  is  expected  that  14,385  acre-feet  of  water  will  be  available  in  the 
riscoe  reservoir  in  ordinary  years.  Below  this  dam  in  the  Stony 
reek  Valley  lies  a  body  of  land  which  at  present  is  being  used  almost 
:elusively  for  grain  farming,  but  which  would  with  irrigation  produce 
jciduous  fruitfi  and  alfalfa  at  a  much  greater  profit. 

LITTLE  STONY  CREEK,  BAST  PARK  RESERVOIR  SITE. 

At  a  point  on  Little  Stony  Creek  alK)ut  2  miles  southeast  of  Stony 
ord,  in  Colusa  County,  a  reservoir  site  was  found  and  surveyed.  The 
'suit  shows  that  a  dam  to  the  85-foot  contour  would  give  an  avail- 
i)le  supply  of  26,000  acre-feet  of  water.  The  drainage  area  above 
le  dam  is  quite  extensive  but  of  relatively  low  elevation.  From  the 
leager  rainfall  records  it  is  estimated  that  a  mean  annual  draft  of 
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26,000  acre- feet  can  be  obtained  from  this  reservoir.  In  ord^» 
obtain  information  as  to  the  run-off  available  from  this  and  idr  | 
tributaries  of  Stony  Creek  the  gaging  station  at  Jnlian's  ranch* 
established  and  is  being  maintained.  Two  types  of  dams  havebrt 
designed  for  this  location,  corresponding  to  types  Nos.  1  an^  U 
Briscoe  site. 


Capacity  of  East  Park  reservoir. 


Height  of 
dam. 

Area. 

Capacity 
between 
contours. 

Total  ca- 
pacity. 

f^et. 
0 
10 
20 
35 
30 
40 
50 
60 
70 
75 

Acre*. 
0 
2.28 
44.19 

Acre-feet. 

0 

11.4 

232.5 

Acre-feet. 

11.4 

243.9 

e54.3 

1,064.7 

2, 938.  8 

6,603.8 

12,197.0 

20,901.8 

26, 753. 9 

1 

119.97 
254.86 
478. 14 
640.49 
1,100.36 
1,240.67 

820.8 
1,874.1 
3,665.0 

5. 593. 2 

8. 704. 3 
5, 852. 6 

Elevation  of  outlet,  25  feet. 

Elevation  of  spillway,  75  feet. 

Total  capacity  in  acre-feet  above  outlet  at  25-foot  contonr  and  up  to  ^ 
contour,    26,753.9—654.3=26,099.6;   26,000   acre-feet    was    used    as  o^ncJ?' 
reservoir. 
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PiQ.  17.— Capacity  curve,  Ea«t  Pttrk  roserroir. 
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PiO.  lB.-E«Ktp»rlt.li.tt>BitB. 

EHtimate  for  lUtm  tut  Little  Sfiiiiji  drvnk,  fupe  -Vii.  /,  cuitcivti;  ilitm. 

HPECIFII,ATIi)N«. 

Fuel. 

itter  of  water  face 5  in  100 

utter  of  lower  face 1  in  3 

levation  of  creflt  of  dam -  - 85 

stimated  elevation  of  base  of  dam —30 

^azimoTD  height  of  dam  - - - .  - -  115 

l.'vation  of  sill  of  spillway 75 

levation  of  outlet  25 

t'apacity  of  reservoir.  iG.OOO  acre-feet. 

Capaeity  i>(  spillway  (water  2  feet  lielow  urest  of  ilaiii).  15,07(1  imlrfo  feet  per 
f'.niV. 

(HIST. 

J.WHiuQbiuyardHtxiiierete.  at$IU $i;fll,WXI.OO 

:seavation  t-»  l>e<l  ro<Tk O.IMW.OO 

pillway  . .  _ _ 3, 38.1. 00 

hitlet  tnnnel  and  workM -.- -  .         T.8T6.03 

IridKB -  -    . .  730. 00 

:al)le  machinery - . . 10. 000. 00 

jtimberinflnmes.  etc.,  10.000  feet  D.  M.,  at  $20 200.00 

tight  of  way _ - 30.  700. 00 

187.781.00 
^nKineerinit and  irontingeiicios.  10  percent IS,7T8. 10 

Total  -  - - 30fl,.'ir.9.10 

Cost  per  acre-foot  atored.  $7.84. 
IRE  86—03 4 
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Fui.  19.— Maximum  cross  section  of  concrete  dam,  East  Park  dam  site. 


Fig.  a).— Profile  of  dam  site.  East  Park  dam  site. 
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Fio.  21.— Outlet  tumel.  East  Park  dam  site. 
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Fig.  8S.— Profile  of  spillway,  concrete  dam,  East  Park  dam  site. 
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Fig.  28.— Cross  section  of  spillway,  concrete  dam,  East  Park  dam  site. 


Estinuite  of  cont  of  rock-filled  dam  on  Little  Stony  Creek.     Type  No.  S, 


•2, 700  cubic  yards,  at  $1.35 _ $65,875.00 

Sxcavation  to  bed  rock,  2,000  cubic  yards,  at  $2 4,000.00 

:)oncrete  to  bed  rock,  1 ,500  cubic  yards,  at  $10 15, 000. 00 

Plank  face,  170,000  feet  B.  M.,  at  $25  a  thousand 4,250.00 

Z!oncrete  between  stringers  under  planks,  etc. ,  481  cubic  yards,  at  $10.  4, 810. 00 

Concrete  valve  tower  and  bridge 7, 040. 00 

Tunnel  and  concrete  filling _ 1 ,  850. 00 

IVasteway 18,250.00 

Dry  rubble  foundation  under  timber,  1,444  cubic  yards,  at $1.50  (extra 

cost) 2,166.00 

3able  machinery.- _.. 10,000.00 

Right  of  way _ 20,700.00 

158,941.00 

Engineering  and  contingencies,  10  per  cent 15, 894. 00 

Total 169,835.00 

Coat  per  acre-foot  stored,  $6.51. 
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Via.  t4.— Pl*n  of  rock-aUed  d&m.  Eut  Pu-k  dun  sltA. 


Fiu.  Si.-MAxtmum 


Ernst  Park  dam  silv 


Type  No.  1  in  i-ecotnmended  for  this  location  as  being  more  - 
Btantial  and  serviceable  than  a  i-ock-fiU  type. 

There  ih  a  scarcity  of  sand  at  the  daDi  sit«s  on  Little  Stony  Cp~ 
and  the  cost  of  concrete  has  been  estimated  upon  the  basis  that  tlif ' 
glomerate  rock  will  have  to  be  crushed  and  washed  for  use  in  p- 
of  sand.  It  is  thought  from  inspection  that  the  conglomerate  i-'^  ^^^ 
enough  to  make  good  sand,  which  can  be  ground  to  a  uniform  g^ 
and  thoroughly  washed  under  pressure  in  a  revolving  cylinder. 
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Fm.  M.— Dowiutnam  elevatlna.  mrk-fllled  dam.  Eut  Piirh  d&m  flits. 


Via.  IT.— npetmin  eleTiition,  rock-fllled  dam.  Eut  Park  dam  nl 


o.a.-Detall  ofplsnk  fwp,  nrV-fllled  (lam.  Km.!  Part 
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Flu.  S9.~Plan  nhowin^  reUtire  poftition  of  wasteway,  rock-fllled  dam.  East  Park  daza 
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Fto.  8n.— Ocmh  aectioii  of  waateway,  rock-flUed  dam,  Eaut  Park  dam  fdte. 


Fio.  81.— Plan  of  wasteway,  rock-filled  dam.  East  Park  dam  site. 

The  following  figures  have  been  used  to  estimate  the  cost  of  i* 
Crete  in  this  locality: 

Cost  of  concrete  at  Little  Stony  Creek. 

CEMENT. 

1  harrel  Portland  cement,  at  railroad. _ |3.  To 

Freight  to  dam,  at  20  cents  per  100  pounds .80 

Cost  delivered.  i)er  375  pounds. ^ 

PlJ^JfT   FOR    PREPARINO  COJICRETK. 

Mill  for  crushing  rock  _. .  I.t"* 

Mill  for  grinding  coarse  sand l.*"' 

Engine  and  hoiler 1,'^' 

Freight  and  setting  up ! .  - . .   . .   '*' 

Plant  for  preparing  sand  and  rock  for  concrete 4.'V* 

Machine  for  washint? !.<•• 


LE.] 
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PREPARING  ROCK  AND  BAND. 


X5k,  crushing,  per  cubic  yard $1. 50 

x;k,  washing,  i)er  cubic  yard 15 


nd,  grinding,  per  barrel _.. _ 36 

nd.  washing,  x>6r  barrel ..      .14 


$1.65 


.50 


TOTAL  C08T  PER  YARD  OF  CONCRETE. 


x:k.  1  cubic  yard 

kud,  2  barrels,  at  50  cents 

.'ment,  1  barrel 

ibor,  mixing 

ibor,  placing  in  dam 

How  for  machinery 

mtingencies 


Estimate  total  cost,  per  yard 


J  - 


1.65 
1.00 
4.55 

.50 
1.00 

.30 
1.00 


10.00 


Fun  ntppig  fn^t  •/.  ygft. 
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Fio.  82.— Profile  of  wasteway,  rock-filled  dam,  East  Park  dam  aite. 


Fio.  33.— Outlet  of  tnnnel,  rock-filled  dam,  East  Park  dam  aite. 
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MILL.  SITE. 

At  a  point  on  the  main  creek  in  sec,  1,  T.  21  N.,  R.  r.  W..  Mi 
Diablo  meridian,  locally  known  as  the  "Mill  Sit«,"  theiuainsir 
intersects  a  conglomerate  bed. 

As  it  is  near  the  Sacramento  Valley,  and  has  back  of  it  oivr 
square  miles  of  drainage  area,  exclusive  of  Briscoe  and  Litilc  M ' 
creektt,  this  site  is  relatively  important.  A  dam  at  this  poim 
feet  above  the  stream  bed,  wonld  impound  43,735  acre-feet  of  «>' 
The  drainage  area  above  the  site  is  such  that  it  is  estimated  thai  - 
amount  of  water  would  be  available  even  in  drj'  years.  A  mi'^ 
the  flow  has  been  kept  at  Julian's  ranch  at  a  point  1 J  miles  alwu- 
dam  site;  the  estimated  discharge  for  1901  and  1902  is  Khowti  liy" 
table  on  p.  .15.  The  depth  to  bed  rock  is  assumed  to  \>f  31  fei'  ^ 
soundings  were  made  to  detennine  this. 

The  wall  I'ock  is  not  very  good,  and  material  for  concrete  woulil  ^' 
to  be  transported  l.fiOOfeet.     Owingto  these  conditions  it  was  dfi 
to  estimate  on  a  loose  or  rock-filled  dam  with  ample  spillway.    Thf  " 
designed  has  a  top  length  of  1,240  feet,  upper  slope  1  to  1}; ''' 
slope  1 J  to  1 ;  the  upper  slope  is  to  be  faced  with  an  earth  embsntm-' 
built  against  it  with  a  slope  of  3  to  1,  the  width  of  the  rock  o 
top  to  he  15  feet  and  the  earth  5  feet,  making  the  finished  oresl  ;i' 
wide.     The  spillway,  (calculated  to  CArry  3(1,250  second-feet  of  " 
when  (lowing  8  feet  deep  over  the  sill,  is  500  feet  wide  by  1"  f*^' ''" 
and  would  Ik*  locat*>d  lo  the  east  of  the  dam  through  a  low  >« 
and  (liwhiirtcc  Kcvoral  hundred  feet  Iwlow  the  dam. 
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Estimate  of  cost  of  rock-fill  dam  at  Mill  Site, 

*8,400  cubic  yards  earth  and  selected  material,  at  75  cents  per  cubic 

yard  _. $148,800 

*d.300  cubic  yards  loose  rock  to  be  transported,  average  1 ,600  feet,  at  $1 .    298, 200 


oncrete  cut-off  wall,  2,886  cubic  yards,  at  $10 

zcavation,  1 ,452  cubic  yards,  at  $2 

xcavation,  951  cubic  yards,  at  50  cents     . . .   . 


pill  way,  500  feet  wide  10  feet  deep: 

Bxcayation,  13,160  cubic  yards,  at  40  cents 

Concrete  wall  and  apron  for  weir,  875  cubic  yards,  at  $10. . 

utlet  tunnel,  400  feet,  at  $10 

ower,  90  feet,  1.7  cubic  yards  per  foot,  158  cubic  yards,  at  $10. 

alves  and  appliances _ 

oncrete  dam  in  tunnel,  100  feet,  85  cubic  yards,  at  $10 

K)  feet  48-inch  pipe  and  gate  attached _ 

ridge  for  tower,  225  feet  epajif  Pratt  truss 

^,840  cubic  yards  riprapping,  at  $1.50  (additional  charge) 


$28,860 

2,904 

476 


5,264 

8,750 


31,740 


)  per  cent  for  contingencies  and  engineering. 

Total 

Cost  per  acre-foot  stored,  $13.32. 


14, 014 
4,000 
1,530 
3,000 
850 
2,000 
8,000 

27, 510 

529,644 
52,964 

582, 808 


Fig.  36.— Rection  of  Mill  Site  dftm. 
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Capacity  of  Mill  Site  reservoir. 


i\tntanT. 
Feet. 

Height  of 
akm. 

Feet. 

Area. 
Acren. 

Gapacity 
between 
oontoniti. 

Total 
capacity. 

Acre-feet. 

Acre-feet 

55 

0 

0 

0 

0 

60 

5 

25. 9 

130 

65 

70 

15 

117.1 

715 

780 

80 

25 

268.3 

1,927 

2.707 

90 

35 

398.2 

3,383 

6,040 

100 

45 

504.6 

4,514 

10,554 

110 

55 

629.4 

5,670 

16,224 

120 

65 

798.4 

7,139 

23,363 

180 

75 

1,029.1 

9,137 

32,500 

140 

1 

a> 

1,281.2 

11,300 

43.800 

Elevation  of  outlet,  5  feet  above  bottom  of  reservoir. 
Elevation  of  spillway,  85  feet  above  bottom  of  reservoir. 
Capacity,  43,800—65=43,735  acre-feet. 

This  water  would  be  used  to  irrigate  the  rich  foothill  landhci 
west  side  of  the  Sacramento  Valley  between  Orland  and  Willowv 

In  the  judgment  of  the  county  assessor,  who  has  an  intimate  ki. 
edge  of  the  nature  of  the  land  in  Glenn  County,  these  lands  von!' 
easily  advanced  $30  per  acre  in  value  if  furniflbecl  with  ampl^^ 
supply. 


-800  rr.- 


0 


100 


200 


FiQ.  37.-Section  6f  spillway,  Mill  Site  dam. 


The  capacity  of  the  Mill  Site  reservoir  not  being  sniBeiH' 
impound  all  of  the  flow  of  Stony  Creek,  a  further  investigatiot 
made  in  February,  1901,  of  the  feasibility  of  diverting  a  porti" 
this  water  into  Ilambright  and  Eppinger  creeks,  small  streams  p 
in  the  foothills  and  discharging  into  the  Sacramento  Valley.  Cr^ 
reservoir  sites  exist  on  those  streams  too  large  to  be  filled  from  t 
drainage  basins.  The  result  of  this  investigation  indicated  thai 
cost  of  the  diversion-canal  line  would  be  too  heavy  and  the  re*'' 
capacity  not  sufficient  t-o  justify  the  necessary  expense  iiu*^ 
this  constru(;tion. 
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SUMMARY. 


The  Annual  cost  per  acre-foot  of  water  stored  is  the  important 
tiilt  to  obtain,  and  this  is  shown  hy  the  aocompanpng  table  for  each 
4(«rvoir  and  for  each  class  of  dam  estimated  upon. 
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As  it  is  not  determined  just  where  the  water  will  be  Ui*<: 
by  seepage  and  evaporation   in  the  canals  can  not  be  n\m: 
Evaporation  from  the  surface  of  reservoirs  for  the  montlis  nf  J 
July,  August,  and  September  would  probably  be  from  3  to  5  f^: 
of  the  capacity  of  the  reservoir,  and  in  these  estimates  has 
neglected. 

The  life  of  the  plank  face  in  the  case  of  the  rock-fill  damsk- 
taken  as  eight  years. 

To  illustrate  particularly  the  method  of  arriving  at  the  e»'* 
acre-foot  of  water  delivered,  the  Mill  Site  reservoir  will  lieiiu 
an  example.  Consider  the  entire  cost,  $582,608,  to  bear  fi  \w^ 
interest,  and  taxes  to  be  at  the  rate  of  0.8  of  1  per  cent  of  e>K 
the  charge  for  attendance,  etc.,  to  be  $1,(XX)  i>er  annum,  the  a: 
charges  to  be  provided  for  would  be  *40,617.34.  The  »va 
capacity  of  the  reservoir  is  43,735  acre-feet.  This,  divided  int- 
annual  charge  of  $40,617.38,  gives  as  the  annual  cost  per  a<re-f" 
water  delivered  from  the  reservoir  93  cents. 

CONCIiUSIONS. 

The  following  conclusions  may  be  drawn  from  the  preceding 
tables,  and  estimates: 

(1)  The  lands  of  portions  of  Glenn  and    Colusa  counties 
steadily  decreased  in  value,  fertility,  and  x>opulation  for  the  1a* 
years. 

(2)  The  lands  on  the  west  side  of  the  Sacramento  Valley  i 
vicinity  of  Orlando  and  Willows  need  irrigation  and  would  be  s^ 
increased  in  value  at  least  $30  per  acre  if  a  permanent  waters 
were  assured,  and  the  land  values  and  population  would  i^t6< 
inci'ease  under  irrigation. 

(3)  The  climatic  conditions  are  favorable  for  the  growth  of 
and  nearly  all  the  products  of  the  State  in  this  vicinity. 

(4)  Several  commercially  valuable  reservoir  sites.exist  in  the^- 
shed  of  Stony  Creek  and  its  tributaries. 

(5)  The  annual  run-off  is  sufficient  to  fill  these  reser\'oirs  in  • 
of  average  rainfall.     In  the  case  of  the  Mill  Site  reservoir  the  > 
is  many  times  greater  than  the  capacity  of  the  resenoir.   ' 
would  probably  not  be  sufficient  run-off  to  fill  the  Briscoe  C^'♦'^ 
Little  Stony  Creek  reservoirs  in  years  of  very  low  rainfall. 

(G)  The  cost  per  annum  per  acre-foot  of  water  stored  in  tht'  i^" 
voirs  ranges  from  50  cents  to  $1.10. 

(7)  The  conditions  are  favorable  for  long  life  of  the  resent" 
account  of  the  small  amount  of  silt  and  debris  carried  bvthe  >tn- 
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PREFACE. 


In  the  following  account  of  some  of  the  more  interesting  and  promi- 
jnt  irrigation  works  in  India  I  shall  confine  my  detailed  descriptions, 

I  did  my  observations,  to  the  works  which  exist  under  conditions 
milar  to  those  in  the  United  States,  and  shall  refer  only  briefly  to  the 
her  though  equally  important  features  of  the  irrigation  problem  in 
idla. 

I  examined  only  the  principal  canals,  navigable  and  nonnavigable, 
id  entirely  neglected  the  deltaic  and  inundation  canals,  as  there  is 
itle  or  no  probability  that  such  works  will  ever  be  constructed  in  the 
nited  States.  Transportation  by  railways  and  wagon  roads  is  so 
isy  and  general  all  over  our  country  that  there  is  little  likelihood 
ir  canals  will  ever  be  made  navigable;  accordingly,  though  I  saw 
id  examined  several  navigable  .canals,  little  reference  will  be  made 
t  their  features.  The  more  important  reservoirs  and  tanks  were 
camined,  especially  those  under  construction.  Little  will  be  said  of 
ells,  though  in  the  future  improved  methods  of  pumping  will  be  used 
L  the  United  States. 

India  stands  preeminent  for  her  gigantic  engineering  undertakings, 
o  other  country  has  so  vast  and  so  fertile  an  expanse  of  territory, 
ith  such  convenient  slopes  for  the  construction  of  canals,  and  at  the 
ime  time  such  an  abundant  water  supply.  In  general  there  is  great 
milarity  between  the  climate  and  topography  of  the  great  northern 
Lains  of  India  and  i)ortion8  of  our  arid  West,  especially  the  eastern 
ope  of  the  Rocky  Mountains  and  the  great  California  Valley.  Cen- 
tal India  and  the  Deccan  have  many  features  in  common  with  the 
antral  portion  of  the  arid  region,  particularly  portions  of  northern 
.rizona  and  southern  Utah.  The  climate  is  as  similar  to  that  of  our 
[iddle  Western  States  as  is  the  topography.  The  average  annual  pre- 
ipitation  rarely  exceeds  30  inches,  while  the  precipitation  during  the 
utumn,  or  rabi,  crop  varies  between  2  and  6  inches. 

This  autumn  crop  is  the  one  that  will  be  generally  considered  and 
iscussed  in  this  report,  since  during  the  time  of  its  maturity  the  cli- 
latic  conditions  are  very  similar  to  those  existing  everywhere  in  the 
rid  regions  of  the  United  States.  Two  crops  are  annually  grown  in 
ndia,  one  of  which  is  sown  in  early  spring  at  the  beginning  of  the 
aonsoon  or  rainy  season,  and  is  called  the  summer  or  kharif  crop. 
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This  crop  depends  little  on  irrigation  for  its  maturing,  as  the  ? 
proportion  of  the  rain  of  the  entire  year  falls  during  the  snmin«:'r 
the  autoron,  however,  the  rainfall  is  very  light,  and,  as  before  >* 
the  temperature  and  precipitation  are  both  similar  to  tho&it' ll 
West. 

Though  the  conditions  of  government  and  people  are  so  difft- r  i 
India  from  those  in  America,  many  useful  examples  and  lessons  il 
drawn  from  the  me  thodof  administration  and  leg^islation  practice*!:: 
as  well  as  from  the  financial  success  or  failure  that  has  attends 
construction  of  their  works.     The  conditions  under  vrhich  Amrr 
must  undertake  irrigation  enterprises  are  not  so  different  frois 
existing  in  India  and  southern  Europe  as  would  at  first  appear.  ■ 
works  we  may  construct  must  depend  for  their  utilization  and  rev 
on  immigration,  as  they  will  be  largely  in  a  sparsely  inhabited  eor/. 
In  order  to  induce  this  immigration  people  must  be  convinced  ••: 
benefits  and  utility  of  irrigation.     Conditions  similar  to  these 
in  portions  of  India  where  the  most  successful    irrigation  pn . 
have  been  carried  out.     Irrigation  works  have  frequently  been  c: 
taken  in  portions  of  India  that  were  already  overpopulated.   T 
have  rendered  the  land  more  fertile  and  sufficiently  productive  t<^ 
port  nearly  double  the  population  which  it  was  previously  capa 
sustaining.     This,  too,  has  been  accomplished  despite  the  prejud: 
be  overcome,  and  the  difficulties  encountered  in  inducing  people t<>  : 
use  of  the  water  furnished ;  difficulties  far  greater  than  we  vouM  '- 
to  contend  with  in  inducing  immigration  to  our  arid  West.    A  f- 
the  great  canals  of  the  Northwest  Provinces  and  the  Punjab  ^ 
undertaken  in  districts  that  were  sparsely  inhabited.     These  «a: 
are  among  those  of  India  that  have  paid  the  largest  interest  <>l 
original  outlay.     Within  ten  years  from  their  construction  the  e»  •- 
was  fully  populated,  although  the  immigration  was  often  from  m 
portions  of  India. 

Any  imperfections  which  may  appear  in  this  account  of  wort- 
amined  and  in  operation  are  in  no  way  due  to  lack  of  assistance" 
the  engineers  in  authority.     It  is  impossible  to  speak  strongly  t-n- 
of  the  hospitality  and  kindness  with  which  I  was  everywhere  tr*.* 
In  fact,  owing  to  the  limited  time  at  my  disposal,  the  great*^: 
culty  experienced  was  to  leave  the  hospitable  guides  and  entert«i: 
who  were  apparently  willing  to  spend  days  in  showing  and  expla" 
the  works  they  had  in  charge. 


PREFACE  TO  SECOND  EDITION. 


This  account  of  some  of  the  more  important  irrigation  works  of 
tidia  was  first  published  in  Part  11  of  the  Twelfth  Annual  Report  of 
hie  Director  of  the  United  States  Greological  Survey,  for  1890-91.  The 
emands  for  this  report  were  so  great  that  the  entire  edition  was 
xhausted  within  a  few  years.  Recently,  and  largely  as  a  result  of 
he  renewed  activity  in  irrigation  in  the  Western  States  through  the 
reation  by  Congress  of  the  Reclamation  Service  of  the  United  States 
reological  Survey,  there  have  been  increased  calls  for  this  reiwrt. 
^t  the  instance  of  Mr.  F.  H.  Newell,  chief  engineer  of  the  Reclamation 
Service,  I  have  made  a  careful  revision  of  this  report  from  such  avail- 
able data  as  I  have  succeeded  in  accumulating  during  the  intervening 
^ears.  This  edition  is  published  as  one  of  the  series  of  Water-Supply 
i,nd  Irrigation  Papers  of  the  Geological  Survey. 

Comparatively  few  new  works  have  been  built  in  India  since  1890. 
The  Bhatgur  and  Tansa  dams  have  been  finished  and  are  in  success- 
ul  operation  with  but  slight  modifications  from  the  plans  as  previ- 
)U8ly  published.  The  great  Peryiar  project  has  been  completed  with 
(light  modifications.  These  changes  are  noted  in  the  accompanying 
;ext.  In  addition,  the  matter  concerning  inundation  canals  and  that 
iescriptive  of  deltaic  canals  have  been  extended.  Under  the  latter 
liead  the  Kistna  project  is  described  in  more  detail,  as  is  the  Sanga- 
nanicut  project,  both  of  which  contain  works  which  will  interest 
American  engineers.  Under  title  of  "Tanks"  the  Rushikalya  proj- 
ect is  described,  both  because  of  the  interest  attached  to  the  dam 
and  because  it  is  a  combined  project  including  the  diversion  of  water 
from  a  running  stream  and  its  storage  in  a  reservoir  located  at  a 
considerable  distance  from  the  canal  head. 

The  most  important  feature  of  the  revision  is  the  bringing  of  all  the 
financial  and  statistical  data  concerning  the  more  important  works  in 
(»ach  province  up  to  1901,  the  date  of  the  last  official  Indian  reports. 
At  the  close  of  1901  the  area  of  India,  including  native  States,  was 
1,559,603  square  miles,  the  total  population  was  294,266,701,  and  the 
total  expenditure  upon  all  classes  of  irrigation  works  by  the  Govern- 
ment of  India  had  been  $337,850,000.  In  the  year  1900^1901  the  ex- 
penditures on  account  of  irrigation  amounted  to  $11,500,000  and  the 
revenues  to  $12,075,000,  showing  a  profit  of  7.5  per  cent  on  the  capital 
outlay  for  construction.    The  total  area  cultivated  in  India  the  same 
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year  was  180,151,093  acres,  and  the  total  area  irrigated  was  1^,611=:  • 
acres,  or,  counting  areas  double  cropped  or  those  irrigated  mon?  iL 
once  in  a  season,  the  area  irrigated  was  33,096,031  acres.    The*-' 
mated  value  of  the  irrigated  crops  in  190Q-1901  ^^as  $150,000,fM.i 
of  these  it  is  interesting  to  note  that  the  area  under  culti%'aticc  . 
wheat  amounted  to  over  16  million  acres,  and   in  cotton  to  ovk 
million  acres,  and  that  the  total  value  of  the  latter  crop  alout  ^. 
♦52,773,000. 

Construction,  including  in  large  measure  repairs,  was  most  *:* 
during  the  past  few  years,  in  order  to  aiford  employment  in  fam> 
stricken  regions.     The  demands  on  the  water  stored  in  resenoj^ 
the  seraihumid  portions  of  India — those  whicli    had    been  affii**.^ 
with  drought  and  consequent  famine  during  the  last  few  yeare— t- 
greater  than  ever  before.     Some  of  the  more  notable  tanks  in  Bosir. 
and  central  India  were  called  upon  to  do  their  highest  duty,  an^ 
consequence  many  of  those  projects  which  were  constructed  as  y 
tective  works  and  were  never  anticipated  to  be  revenue  prodo^-ii. 
have  recently  earned  moderate  net  revenues. 

Washington,  D.  C,  December  22,  1902. 
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IRRIGATION  IN  INDIA. 


By  Herbert  M.  Wilson. 


INTRODUCTION. 

The  principal  sources  from  which  the  information  in  the  accompany- 
g  report  was  obtained  were  (1)  conversation  with  engineers  in  charge 
works  and  examination  of  their  office  material,  (2)  personal  exam- 
ation  of  the  works  themselves,  and  (3)  books  and  official  reports, 
the  following  narrative  I  will  endeavor  to  sketch  hastily  the  route 
Eiveled  and  give  a  brief  outline  of  works  visited. 
For  a  week  before  my  departure  I  was  busily  engaged  in  reading  all 
e  books  and  reports  on  Indian  irrigation  procurable,  in  ord(»r  to  plan 
e  trip  so  as  to  see  the  most  in  the  least  space  of  time,  for  I  had  but 
r^e  months  for  the  entire  journey.  I  finally  decided  tliat  the  two 
onths  spent  in  India  should  be  devoted  to  the  northern  and  central 
)rtions,  and  the  route  was  planned  so  as  to  see  only  such  works  as 
fire  within  easy  access  of  the  railway  lines. 

Through  the  cooperation  of  the  director  of  the  United  States  Geo- 
gical  Survey  I  was  enabled  to  leave  Washington  on  December  1, 
589,  well  equipped  with  letters  of  introduction  to  the  various  secre- 
irries  of  the  public  works  departments  of  India,  carrying  also  letters 
om  the  Secretary  of  State  to  our  diplomatic  and  consular  officera 
)road.  In  New  York  letters  of  introduction  to  prominent  English 
igineers  were  obtained  from  the  secretary  of  the  American  Society  of 
ivil  Engineers  and  others,  and  on  December  4 1  sailed  for  Liverpool. 
A  few  days  were  spent  in  London,  where,  through  the  courtesy  of 
[r.  James  Forrest,  secretary  of  the  Institution  of  Civil  Engineers,  a 
umber  of  letters  of  introduction  to  Indian  officials  were  obtained, 
rom  London  I  proceeded  to  Brindisi,  Italy,  and  embarked  December 
)  for  Bombay,  arriving  there  on  January  13,  1890. 
In  Bombay  I  called  upon  Mr.  W.  C.  Hughes,  secretary,  to  govern- 
lent  for  the  irrigation  branch  of  the  public  works  department,  and 
e  gave  me  letters  to  several  of  the  engineers  in  the  Bombay  Presi- 
ency,  and  kindly  aided  me  in  so  arranging  my  tour  in  that  presi- 
ency  as  to  see  only  such  works  as  were  most  accessible.  From  Mr. 
V^.  Gierke,  chief  engineer  of  the  Bombay  waterworks,  I  also  received 
luch  valuable  assistance  and  advice,  and  on  January  18  I  proceeded 
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to  Poona  with  the  intention  of  visiting  the  Fife   reservoir.    Il  : 
absence  of  the  chief  engineer,  Colonel  Cruikshanky  R.  E.,  Mr.  R^l*- . 
executive  engineer  of  the  Mutha  canals,  devoted  two  or  three  da}- 
showing  me  over  the  works  under  his  charge. 

We  drove  from  Poona  to  Lake  Fife,  a  distance  of  12  miles  up  *- 
valley  of  the  Mutha  River.     The  road  here,  as  everywhere  in  II  i- 
was  excellent,  being  well  macadamized  for  the  entire  distance, 
both  sides  were  well-cultivated  fields,  tlie  principal  crops  grown  \^.'. 
sugar  cane,  millet,  and  wheat,  and  the  care  with  vrhich  the  water' 
applied  to  these  croiNS  was  the  first  object  which  attracted  atienti 
I  also  observed  that  Indian  peasants  fully  appreciated  the  value 
fertilizers.     The  city  officials  of  Poona  make  a  handsome  profit  tkti 
ally  by  removing  excrement  from  the  residences  and  mixing  it  ^ 
ordinary  soil,  the  whole  being  sold  by  the  cartload  to  farmers. 

Lake  Fife  is  a  large  artificial  reservoir,  formed  by  a  dam  th!  - 
quarters  of  a  mile  long  and  nearly  100  feet  in  height-  The  wa^er 
backed  up  the  valley  for  nearly  15  miles,  and  the  available  st.c  ~ 
capacity  of  the  lake  is  about  63,000  acre-feet.  The  Mutha  canal- .' 
taken  from  the  dam  at  the  lower  end  of  the  lake,  one  along  the  r:. 
and  the  other  on  the  left  bank  of  the  Mutha  River.  The  righi-Ki 
canal  is  nearly  100  miles  long  and  passes  through  the  city  of  P^  - 
which  it  supplies  with  water;  it  is  also  used  in  irrigating  the  rich  hi 
lying  between  it  and  the  river.  The  left-bank  canal  is  much  shor-- 
and  also  controls  a  large  area  of  valuable  land. 

The  topography  of  the  Upper  Mutha  Vallej'  seemed  very  farailu' 
Had  I  been  suddenly  transported  in  my  sleep  to  northeastern  Arii : 
the  similarity  of  the  topography  of  the  two  regions  conld  not  h» 
more  strikingly  impressed  me.     At  Lake  Fife  the  Mutha  River  niai"' 
its  exit  through  a  narrow  canyon  similar  to  those  of  the  mesa  conn" 
in  northern  New  Mexico  and  Arizona,  and  flows  thence  throuirb 
broad  and  gently  sloping  valley,  which  gradually  widens  till  it  beti»c  r 
an  extensive  plain.     The  slope  from  the  bottom  of  the  stream  tov^ar 
the  surrounding  hills  is  regular,  but  rather  steep,  and  snddenlv  krc: 
nates  at  the  foot  of  cliffs  which  are  similar  in  their  abruptness  an* 
sharpness  of  outline  to  the  mesa  cliffs  of  our  South-west.     The  soil  : 
the  Mutha  Valley  is  rather  shallow,  and  wherever  nncultivate^i  ^ 
covered  with  a  low,  scrubby  grass,  dried  and  parched  by  the  sun.  A 
the  canal  edge  the  barren  slopes  are  suddenly  merged  into  endl"^^ 
green  and  well-cultivated  fields.     The  slopes  of  the  hills  are  p^  ». 
and  barren,  covered  with  a  growth  of  low  trees,  among  which  ba^  - 
or  mesquite  is  the  most  prominent. 

After  examining  Lake  Fife,  Mr.  Rebschand  myself  proceeded  do^ 
the  line  of  the  Mutha  canal  and  followed  some  of  the  minor  distrib 
taries  through  the  fields,  watching  their  ramifications,  until  we  T^t:.< 
the  smallest  private  ditch  used  in  irrigating  the  crops.     The  construe 
tion  of  these  canals  is  similar  to  that  of  small  canals  in  the  Unit' ' 
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bes.  The  chief  feature  noticed  was  the  substantial  method  of  con- 
Lcting  all  bridges,  head-gates,  and  other  regulators.  Here,  as  else- 
)re  in  India,  timber  is  seldom  used,  owing  to  its  cost  and  the  rapidity 
ti  which  it  is  destroyed  by  insects  and  rot.  All  bridges  on  this  canal 
constructed  of  masonry,  and  the  smallest  regulating  gates  consist 
aasoury  passages  let  into  the  banks  of  the  canal  and  closed  with  iron 
tters.  The  system  of  distribution  of  the  water  is  very  complete 
ry  squai*e  foot  of  desirable  land  being  under  cultivation. 
^n  January  21 1  engaged  a  tonga,  a  sort  of  dogcart,  drawn  by  a  team 
)onies,  in  which  a  three  days'  trip  to  Bhatgur  reservoir  and  the  Nira 
lals  was  made.  The  trip  to  Bhatgur  was  made  in  the  night  in  order 
ivoid  the  heat.  The  road  is  macadamized  the  entire  distance,  and 
ined  on  each  side  with  a  double  row  of  trees,  which  furnish  a  dense 
1  agreeable  shade.  The  gradients  are  sufficiently  easy  for  a  rail- 
y,  while  all  drainage  passages,  large  or  small,  are  crossed  by  masonry 
dges.  In  order  to  avoid  excessive  grades  a  range  of  low  hills  about 
ifway  in  the  journey  is  pierced  by  a  tunnel  nearly  one-fourth  of  a 
le  long.  This  tunnel  is  about  20  by  20  feet  in  cross  section,  and  is 
ed  with  masonry  throughout. 

^t  Bhatgur  I  was  met  by  Mr.  H.  Beale,  assistant  engineer  in  charge 
construction  of  the  dam.  During  the  day  we  went  over  the  entire 
igth  of  the  dam  and  viewed  all  the  works  of  construction.  It  was 
J  good  fortune  to  see  the  Bhatgur  dam  when  it  was  about  two-thirds 
aipleted  and  while  the  construction  was  being  vigorously  pushed.  I 
IS  thus  enabled  to  examine  with  care  the  details  not  only  of  the 
)thod  of  masonry  construction,  but  also  the  management  and  char- 
ter of  the  labdr  employed. 

The  topography  above  the  Bhatgur  dam  is  very  similar  to  that  at 
tke  Fife.  The  dam  is  constructed  on  a  modern  cross  section,  similar 
that  obtained  by  the  Bouvier  or  the  Rankine  formula.  It  is  located 
a  rather  wide  part  of  the  river,  the  object  being  to  afford  sufficient 
illway  for  the  large  volume  of  water  which  comes  down  the  river  in 
e  spring  floods.  Its  length  is  4,067  feet  and  its  greatest  height  is 
►0  feet  above  the  foundations.  The  river  at  this  point  is  subject  to 
aximum  floods  of  50,000  second-feet.  This  reservoir  is  used  as  a 
oraore  basin  to  supply  the  Nira  canals,  which  are  taken  from  the  Nira 
iver  at  Vir,  a  point  20  miles  below  the  dam.  During  my  visit  to 
hatgur  1,500  laborers  were  employed  on  the  work  and  completed 
bout  5,000  cubic  feet  of  rubble  and  concrete  masonry  per  day  and 
000  cubic  feet  of  finished  dressed-rubble  facing.  Stone  for  the  con- 
ruction  of  the  dam  was  quarried  close  to  the  abutments,  and  kunkar, 
dirty  lime  which  produces  a  very  goo<l  hydraulic  cement,  was  found 
ithin  a  short  distance  of  the  dam  site.  Sand  was  procured  from  the 
Lver  bed  and  charcoal  for  burning  was  obtained  in  the  adjacent  hills. 
On  the  morning  of  the  22d  I  left  Bhatgar,  proceeding  by  tonga  to  Vir, 
lie  head  of  the  Nira  canal,  where  I  was  met  by  Mr.  W.  H.  Le  Quesne, 
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executive  engineer  in  charge  of  the  Nira  system.      The  next  two  1 
were  spent  in  looking  over  the  rejiorts  and  detailed  iiiaiK»  in  the  (^t 
in  examining  the  great  diversion  weir  at  the  hesid  of  the  Nira  (^i 
and  inspecting  the  first  12  miles  of  the  latter.      The  Vir  weir  i? 
structed  throughout  of  concrete,  faced  with  dre»s©d-rubble  mas 
and  is  2,340  feet  in  length  and  40  feet  in  greatest  height  abo^> 
river  bed.     A  few  hundred  yards  downstream   is  a  sabsidiaiy  > 
similar  in  construction  to  the  first,  but  only  615  feet  long  and  5) 
in  height.     This  lower  weir  backs  the  water  up  against  the  toe  I'i 
upper  one,  thus  producing  a  water  cushion,  on  which  the  great  fi" 
fall  harmlessly.     The  maximum  flood  over  this  weir  may  be  !•- 
second-feet,  when  the  water  will  be  about  8  feet  in  depth  on  the*:- 
of  the  main  weir.     Our  trip  down  the  canal  was  made  in  a  rowU 
and  we  were  thus  enabled  to  examine  several  aq^ueducts  and  a  sii 
on  the  way.     The  first  10  miles  of  the  canal  are  for  diversion  Uue 
being  required  in  making  grade  to  get  the  canal  out  of  the  coiinL 
banks  of  the  Nira  River.     At  about  the  tenth  mile  the  first  di^tn 
tary  is  taken  off  to  the  irrigable  lands. 

On  January  23  I  left  Vir  for  Lonand,  where   I   took  the  train  : 
Poona.     This  trip  is  one  of  the  most  interesting  in  India,  ther» 
passing  through  the  celebrated  Bhore  Ghauts,  a  range  of  rugged,  ^- 
hills  which  break  down  precipitately  to  the  western  ocean.     The  -" 
mit  of  these  Ghauts  forms  the  edge  and  top  of  the  great  interior ; 
teau  of  the  Deccan.     The  scenery  along  the  entire  de^scent  is  sin 
in  every  respect  to  that  east  of  the  line  of  the  Southern  Pacific  R. 
road  near  Red  Bluff.     The  road  runs  with  heavy   grades  and  >li* 
curves  along  the  edges  of  nearly  vertical  trap  cliffs,  in  a  place  tha* 
almost  any  other  country  would  be  considered  quite  impracticable - 
railway  construction.     The  expense  of  such  a  line  in  the  Unite3  S!^' 
would  exceed  $100,000  per  mile.     Owing  to  the  ver>^  heavy  rainf 
which  averages  250  inches  per  annum,  the  greatest  precautions  h 
been  taken  for  the  passage  of  all  drainage  lines.     Numerous  \-iati':^ 
are  crossed  in  rapid  succession,  the   frequency  of  their  reeiim-: 
being  rivaled  only  by  that  of  the  many  tunnels,  there  being  3o  of  tb" 
in  a  few  miles. 

I  had  been  very  desirous  of  making  a  visit  to  the  celebrated  Tai> 
reservoir,  near  Bombay,  in  the  company  of  Mr.  Gierke,  the  chief  ••:  - 
neer,  and  on  arriving  in  Bombay,  on  the  24th,  I  found  he  had  arrai.^ 
a  trip  with  tlie  governor  of  Bombay,  Lord  Reay,  a  few  of  the  muui«  > 
officers,  the  governor's  staff,  Mr.  Baldwin  Latham,  and  mj'^elf.    ^^ 
left  by  special  train  on  the  evening  of  the  24th,  arriving  at  At^^oai: 
the  following  morning.     From  Atgoan  we  had  a  pleasant  ton?H  t' 
of  7  miles  to  the  site  of  the  Tansa  dam.     Here  I  was  as  fortunaw  - 
at  Bhatgur.     I  found  the  great  dam  more  than  half  completetl  a: 
construction  being   vigorously   pushed.     Two   days  were    spent   ' 
inspecting  the  works,  which  consist  mainly  of  an   enormous  rubl'> 
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sonry  dam  9,350  feet  in  length.  When  completed  it  will  be  145 
t  in  maximum  height.  This  dam  is  intended  to  furnish  water  for 
)  city  of  Bombay.  The  rock  for  its  construction  is  quarried  at  the 
n  site,  but  kunkar,  for  the  production  of  cement,  has  to  be  brought 
ip^  distances  by  rail  or  road  cart.  The  aqueduct  line,  which  carries 
b  water  to  the  city  of  Bombay^is  partly  in  tunnel,  partly  in  masonry 
iduit,  partly  in  iron  pipes.  It  has  seven  inverted  siphons  crossing 
iina^e  valleys,  the  greatest  being  11^  miles  in  length. 
3n  January  28 1  left  Bombay  for  Calcutta,  a  distance  of  about  1,200 
les.  This  trip  was  full  of  interest.  During  the  early  part  of  the 
3t  day  the  Thule  Ghauts  were  ascended,  the  difficulties  of  construc- 
•n  being  quite  equal  to  those  on  the  line  between  Poena  and  Bombay, 
tilway  travel  in  India,  while  inferior  in  comforts  to  the  United  States, 
still  decidedly  superior  to  European  modes  of  making  lengthy  trips, 
le  cars,  like  those  on  European  railways,  are  short,  and  on  only  a 
w  are  bogie  trucks  used.  These  latter,  however,  are  rapidly  find- 
g  favor,  and  at  no  distant  day  will  be  universally  employed  on  the 
idiaii  railways.  Each  compartment,  of  which  there  are  two  in  every 
•st  and  second  class  carriage,  will  hold  from  five  to  six  persons.  The 
ats  are  placed  lengthwise  of  the  train  and  are  well  cushioned, 
here  is  a  hanging  seat  or  bed  suspended  from  the  roof,  similar  to 
LOse  seen  in  an  American  immigrant  car.  This  can  be  lowered  at 
[ght  and  used  as  a  berth.  Each  passenger  must  carry  his  own 
adding,  which  in  that  warm  climate  consists  of  nothing  more  than  a 
lanket  and  a  pillow,  and  spreading  these  on  the  seats  or  hanging 
eds  he  can  pass  a  comfortable  night  on  the  road.  In  the  center  of 
le  car,  between  the  two  compartment-s,  is  a  small  closet  and  toilet 
>om.  A  table  may  be  set  up  in  the  center  of  each  compartment  on 
hich  to  spread  lunches.  Men  and  women  are  never  permitted  to 
ravel  in  the  same  compartment.  Good  meal  stations  are  placed  at 
onvenient  intervals  on  all  lines  of  railway,  and  ample  time  is  given 
3r  eating. 

The  main  portion  of  central  India  lying  between  Bombay  and  the 
vaugetan  Plain  is  rather  sparsely  inhaDited.  The  region  is  elevated 
nd  consists  of  uneven,  rolling  country,  similar  to  that  along  the 
outliem  New  Jersey  coast  or  in  the  wooded  districts  of  Missouri  and 
ndiana.  A  dense  growth  of  jungle,  consisting  of  low  trees,  mesquite, 
eak,  etc.,  with  an  undergrowth  of  tall,  stiff  jungle  grass  from  5  to  10 
eet  in  height,  covers  the  entire  country.  Tlie  streams  draining  this 
^rea  are,  during  the  dry  season,  but  little  rills,  flowing  through  very 
>road,  wide,  sandy  beds,  that  serve  to  indicate  the  enormous  size  these 
■ivers  attain  during  the  flood  season.  There  is  little  irrigation  prac- 
ticed in  this  region.  In  some  sections  moderate  areas  are  irrigated  from 
t>anks  of  various  sizes.  The  sloping  hillsides  are  terraced,  like  those 
of  Japan  and  China,  by  the  construction  of  embankments.  These 
produce  level  benches,  where  the  flood  water  is  held  back  sufficiently 
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long  to  enable  it  to  soak  into  the  ground.     On  these  bencbe>  ^^ 
crops  of  rice,  garden  truck,  and  grain  are  cultivated. 

The  River  Jumna  is  first  crossed  and  the  Gan^etan  Plain  enten-: 
Allahabad,  between  which  place  and  Calcutta  the  countr j  is  extniL 
level  and  fertile,  having  a  strong  resemblance   to   the  broad,  1» 
prairies  of  the  Mississippi  Valley.     Throughout  this  portion  of 
route  fine  fields  of  wheat,  millet,  barley,  indigo,  eotton,  sugar  «»: 
and  poppy  were  passed  in  endless  succession,  while  occasional  gn^' 
of  mangoes,  cocoanut,  and  date  palms  relieve  the  prairie-like  apj-*: 
ance  of  the  country.     The  entire  region  is  divided  into  innumera  . 
small  fields,  each  of  a  few  acres,  but  no  fences  or  houses  were  to  • 
seen,  though  laborers  dotted  the  fields.     All  live  in  villages,  fr- . 
which  the  laborers  sometimes  travel  several  miles  to  work. 

I  arrived  in  Calcutta  on  the  morning  of  January  30,  and  callt^! 
Dr.  W.  King,  the  director  of  the  geological  survey  at  India,  who  jr.. 
me  letters  of  introduction  to  some  of  the  officials  I  was  desirous  of  rat- 
ing.    Mr.  B.  F.  Bonham,  American  consul-general,   treated  me  ^r/ 
the  utmost  courtesy  and  did  everything  in  his  i)ower  to  aid  me  danr, 
my  short  stay.     One  day  was  spent  at  the  office  of  the  siirveyor-gi»n»  :t 
of  India,  Col.  H.  R.  Thuillier,  R.  E.,  who  kindly  aided  me  in  ^l- 
examination  of  the  methods  of  work  of  the  topographic  division  ai 
of  the  great  trigonometric  survey. 

On  the  31st  I  called  on  Col.  J.  M.  McNeill,  R.  E.,  the  secretary:  ' 
government  of  the  public  works  department  of  Bengal.  With  hin. ' 
discussed  the  arrangement  of  my  tour  through  his  presidency,  a^. 
from  him  I  received  letters  of  introduction  to  his  various  execuriv. 
engineers.  Colonel  McNeill  kindly  telegraphed  to  Mr.  R.  B,  Bueklry. 
superintending  engineer  of  the  Soane  canals,  to  arrange  a  hasty  :r[ 
over  his  territory,  and  on  the  following  day  I  reached  Arrah,  wln^r*  I 
called  upon  Mr.  Buckley.  That  day  was  sx>6nt  in  examining  the  nia> 
and  office  records  of  the  Soane  canals,  and  on  the  following  momiii' 
I  set  out  on  a  tour  of  inspection.  Mr.  Buckley  kindly  placed  at  h : 
disposal  his  canal  steamer  Kudra^  on  which  I  lived  for  three  daysi,  a. ' 
Mr.  Buckley  also  telephoned  over  the  canal  lines,  arranging  for  \^'- 
ous  engineers  to  meet  me  and  show  me  various  points  of  interest. 

I  started  early  in  the  morning  of  February  2,  and  steamed  up  t' 
canal  against  the  current  at  the  rate  of  about  8  miles  an  hour.    TK 
rate  of  travel  was  rather  slow,  owing  to  the  velocity  of  the  stmir 
and  to  the  great  number  of  locks  which  had  to  be  passed.     At  Arrai 
the  canal  is  86  feet  wide  at  bottom,  about  9  feet  deep,  and  disehan:-' 
about  2,000  second-feet  of  water.     FroM  there  to  the  headwaters  a: 
Dehree,  a  distance  of  65  miles,  the  Arrah  branch  follows  the  g^ner." 
direction  of  the  Soane  River  on  its  western  side,  gradually  inereasin-' 
in  width  toward  the  head,  where  it  is  180  feet  wide  at  bottom  I*  ft^ 
deep,  and  discharges  about  4,300  second-feet. 

As  Nasregunge,  a  large  village  midway  between  Arrali  and  iJehrtT-. 
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ras  met  by  Mr.  Inglis,  the  executive  engineer  of  the  Arrah  canal, 
lO  sliow^ed  me  the  heads  of  some  of  the  distributaries,  the  escapes, 
d  also  the  mode  of  applying  the  water  to  the  fields.  I  reached 
liree  at  8  o'clock  on  the  following  morning.     During  the  absence 

the  executive  engineer  in  charge  of  the  head  works  at  Dehree,  I 
^  met  by  Mr.  Williamson,  the  overseer  of  the  shops  at  that  point, 
lo  spent  the  day  explaining  the  various  works.  These  are  of  the 
)st  interesting  and  important  nature,  and  consist  of  the  great  weir 
ross  the  Soane  River,  2f  miles  long  and  14  feet  in  height,  of  the 
During  sluices  and  regulators  at  the  heads  of  the  canals  at  each  end, 
cl  of  the  general  machine  shops  for  the  construction  and  repair  of 
gines,  dredges,  and  other  metal  works  used  on  the  canal  system, 
le  Soane  River  was  then  very  low,  scarcely  discharging  more  water 
an  was  required  to  fill  the  main  eastern  and  western  canals. 
:ianks  to  this  fact,  I  was  enabled  to  watch  the  operations  of  the  auto- 
atic  sluice  gates,  which  were  lowered  and  raised  for  my  inspection. 
From  Dehree  I  proceeded  again  by  steamer  down  the  Buxar  branch 
'  the  main  western  canal,  passing  through  immense  fields  of  grains 
id  vegetables,  where  but  a  few  years  before  had  been  but  a  desert 
aste.  One  work  of  particular  note  passed  was  the  Kao  Nulla  siphon 
lueduct,  whereby  the  canal  is  carried  over  the  bed  of  the  Kao  Tor- 
mt  and  the  latter  in  a  semisiphon  is  passed  under  the  aqueduct.  A 
ttle  farther  on  was  a  similar  work  by  which  the  canal  is  carried  in 
n  aqueduct  over  the  Thora  Nulla.  In  the  evening  I  arrived  at  the 
>wn  of  Bnxar,  where  I  met  Mr.  Horn,  the  executive  engineer  of  the 
»uxar  branch,  and  left  the  same  night  for  Allahabad. 

During  the  trip  along  the  Soane  canals  many  interesting  scenes 
^ere  noticed.  Numerous  canal  boats  loaded  with  grain  or  stone  were 
assed.  These  were  being  taken  to  the  railway  or  floated  out  on  the 
ranges  River,  wjience  they  made  the  trip  to  Calcutta.  The  boats  are 
•eculiarly  shaped,  being  higher  at  the  stern  than  at  the  bow,  varying 
rom  15  to  25  feet  in  length,  and  having  a  width  of  about  10  feet.  In 
he  center  is  erected  a  pole,  perhaps  12  feet  in  height,  to  which  are 
.ttached  numerous  light  strings,  and  each  of  these  is  drawn  by  a 
lative  on  the  towpath.  On  these  canals  it  is  not  unusual  to  see  ten  or 
nore  men  towing  one  boat. 

The  important  roads  cross  the  canal  by  means  of  well-constructed 
nasonry  or  iron  bridges.  A  peculiar  accident  has  occurred  to  many 
)f  the  masonry  bridges,  as  the  pressure  of  the  earth  embankments 
xjhind  the  abutments  causes  them  to  act  as  retaining  walls.  The 
pressure  has  in  several  cases  caused  the  arches  to  spring  upward  at 
the  center  or  key,  leaving  a  slight  crack  on  top.  These  bridges  have 
been  constructed  strong  enough  to  perform  their  duties  as  bridges, 
but  are  not  sufficiently  strong  to  act  as  retaining  walls. 

The  smaller  roads  and  footpaths  terminate  at  the  canal  banks,  where 
catamaran-shaped  ferryboats  are  used  to  cross  the  canal.     These 
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boats  are  unique  in  construction.     Each  pontoon  is  compo8ed  of  riw 
sheet  iron  and  is  2  feet  wide  by  2  feet  deep  and  15   feet  in  Wl.- 
Between  the  two  is  supported  a  wooden  deck  6  feet  wide,  sufficir: 
large  to  carry  the  ordinary  two-wheeled  bullock  cart  with  its  k^ 
A  chain  is  laid  from  one  bank  of  the  canal  to  the  other,  long  eiK>w 
to  rest  on  the  bottom  of  the  canal,  so  as  not  to  impede  traffic,  and  jrr 
ing  through  a  ring  on  the  deck  of  the  ferryboat.     By  pulling  on  ' 
chain  the  occupants  are  enabled  to  draw  the  boat  across  the  fAH^ 

The  canal  banks  are  lined  throughout  with  plantations  of  tree^ 
property  of  the  canal  government.  These  are  cut  and  sold  a^  l^ 
seem  desirable  to  the  canal  officers,  all  trees  thns  remoyed  be. 
replaced  by  young  growths.  Among  the  more  usaal  trees  arv  * 
sissoo,  somewhat  like  the  teak  in  general  character,  and  used  in  i 
construction  of  furniture,  carts,  etc.,  the  sal,  also  used  for  fumit^ 
and  fuel,  some  mangoes,  and  some  mesquite. 

Owing  to  the  low  velocity,  about  3  feet  per  second,  which  it  is  n- 
essary  to  give  the  navigable  branches,  considerable  dejiosits  of  >^ 
accumulate  near  their  heads,  and  lower  down,  where  the  wat^r 
clearer,  reeds  and  rushes  line  the  banks  well  out  toward  tiie  middir 
the  stream.     Large  steam  dredges  are  kept  at  work  on  the  upper  1/  - 
of  the  Soane  canals,  giving  them  much  the  appearance  of  the  > 
Canal.     These  dredges  have  mostly  been  constructed  at  the  shop^ 
Dehree,  and  are  of  iron  throughout,  as  are  also  the  scows.    Lar. 
steam  passenger  boats  ply  on  the  main  canals,  stoppings  at  t^e  van 
villages  lining  their  banks  and  terminating  their  runs  at  the  railvni: 
These  boats  are  crowded  with  people,  which  indicates  a  profiu 
passenger  traffic. 

Among  the  most  interesting  scenes  observed  were  the  enonoi 
crowds  of  pilgrims,  afoot,  on  camels,  or  on  bullocks.     These  piliri'^ 
make  journeys  between  distant  shrines,  often  occupying  six  m<m: 
in  the  longer  trips.     £ach  devotee  carries  a  XK>1e  across  his  back,  fr 
the  ends  of  which  are  swung  the  few  necessaries  of  food  and  cloiliu- 

The  locks  along  the  canal  are  substantially  constructed  of  br 
masonry,  sometimes  singly  and  sometimes  in  pairs,  and  avera^ 
their  lift  from  7  to  12  feet.     These  locks  are  sufficiently  long  and  v. . 
to  accommodate  the  big  passenger  steamers.     Beside  and  around  i' 
locks  is  always  constructed  a  waste  weir  and  channel  through  wh  < 
the  greater  part  of  the  discharge  of  the  canal  used  in  irrigation  a: 
not  required  in  operating  the  lock  is  passed.     In  this  channel  is  \ 
essarily  a  high  fall  with  a  drop  equal  to  that  of  the  lock.     Thi>  • 
is  built  of  the  most  substantial  masonry  in  order  to  withstand  thi  :- 
caused  by  the  great  body  of  water  passing  over  it. 

On  February  5  I  arrived  at  Allahabad,  the  capital  of  the  Northif^ 
Provinces  and  Oudh,  where,  during  the  absence  of  the  chief  engin^'" 
and  secretary  for  government.  Col.  G.  T.  Skipworth,  R.  E.,  I  wasvr^:. 
courteously  treated  by  Mr.  H.  W.  Conduitt,  the  office  assistant   H' 
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76  me  some  official  reports  and  letters  to  engineers  in  the  northwest 
d  arranged  for  a  visit  to  the  Betwa,  Ganges,  and  other  canals  by 
iting  to  the  executive  engineers  in  charge,  informing  them  of  my 
proaching  visit  and  requesting  them  to  render  such  assistance  as 
ght  be  required.  On  the  same  day  I  proceeded  to  Orai,  where  I 
,s  met  by  Mr.  W.  P.  Vender  Horst,  the  executive  engineer  of  the 
twa  canal.  The  6th  was  spent  in  examining  the  office  records  and 
kps  and  making  such  notes  and  tracings  as  were  deemed  necessary. 
i  the  same  evening  we  left  by  rail  for  Chirgaon,  whence  a  short  tonga 
le  took  us  to  Paricha,  the  head  of  the  Betwa  canal  and  the  great 
itwa  reservoir. 

The  Betwa  reservoir  is  constructed  in  the  channel  of  the  Betwa 
ver  where  it  emerges  from  the  Northern  Ghauts.  The  weir  is 
3ated  in  a  rather  wide  part  of  the  river  bed,  crossing  the  stream  in  an 
*egular  line,  abutting  in  one  place  on  a  large  island  and  at  another 
a  broad  rock  in  the  middle  of  the  river.  The  total  length  of  this 
(ir,  including  the  islands  on  which  it  abuts,  is  about  4,300  feet,  and 
I  greatest  height  in  the  middle  of  the  channel  is  60  feet.  The  entire 
,m  acts  as  an  overflow  weir,  in  order  to  give  sufficient  wasteway  to 
e  enormous  flood  of  760,000  second-feet  which  may  pass  over  it. 
ich  a  flood  would  bank  17  feet  deep  over  the  crest  of  the  weir.  In 
der  to  withstand  the  shock  of  this  body  of  falling  water  two  small 
bsidiary  weirs  have  been  constructed  in  the  channel  below  the 
>epest  portions  of  the  weir,  thus  giving  a  water  cushion  on  which 
e  maximum  height  of  the  overfall  is  21^  feet.  The  net  storage 
.pacity  of  this  reservoir  available  for  irrigation  purposed  is  nearly 
,000  aore-feet. 

The  canal  system  heading  immediately  above  the  dam  controls  an 
ea  of  about  950,000  acres,  of  which  about  400,000  is  excellent  arable 
nd.  The  balance  is  very  poor  and  barren.  This  area  of  irrigable 
nd  is  included  between  the  Betwa,  Pahug,  and  Jumna  rivers,  and  at 
*esent  about  135,000  acres  are  irrigated  by  the  canal  system.  The 
ishing  sluices  on  the  end  of  the  weir  adjacent  to  the  canal  head  and 
le  regulators  at  the  canal  head  are  of  great  interest,  owing  to  the 
ressure  of  nearly  60  feet  under  which  the  gates  are  operated. 
From  Paricha  I  proceeded  by  rail  to  Agra,  and  on  February  9  went 
►  Narora,  where  are  located  the  head  works  of  the  Lower  Ganges  canal. 
I  order  to  reach  Narora  it  was  necessary  to  go  by  rail  to  Aligarh, 
here  a  couple  of  hours  were  agreeably  spent.  From  Aligarh  I  went 
y  rail  to  Rajghat,  which  station  was  reached  late  in  the  evening, 
here,  thanks  to  the  thoughtf  ulness  of  Mr.  £.  A.  Carswell,  the  exeeu- 
ve  engineer  in  charge  of  the  Narora  works,  I  was  met  by  a  hand  car 
r  trolley,  in  which  I  was  pushed  by  natives  5  miles  to  the  bungalow 
b  Narora,  where  the  following  night  and  day  were  spent.  I  was 
Jceived  by  Mr.  Carswell  with  the  same  hospitality  that  had  been 
ccorded  me  by  all  the  other  officials  with  whom  1  had  come  in  con- 
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tact.     The  larger  part  of  that  evening  and  the  next  day  were  ?!- 
in  examining  the  office  reports  and  maps  and  examining  the  b^ 
works  and  the  river  training  system  of  the  Lo^rer  Gang)^  c*: 
These  head-works  consist  of  a  great  weir  4,135  feet  in  total  letr 
3,700  feet  of  which  are  composed  of  an  overfall  weir  14  feet  in  hr  :. 
above  the  foundation,  315  feet  consisting  of  sluice  ^ates  adjao^zi' 
the  head  of  the  canal.     The  head  of  the  canal  adjacent  to  the  t-n-. 
the  weir  consisted  of  26  regulating  gates,  each  7i  by  11^  feet  h 
clear.     The  maximum  flood  coming  down  the  Ganges  inrhich  may  -^.- 
over  this  weir  may  be  as  great  as  230,000  second-feet. 

The  river  training  works  are  interesting  and  extensive.    They  . 
necessitated  by  the  low  character  of  the  river  bottom,  in  whiib 
canal  is  constructed  for  some  miles  before  its  diversion  line  gets  •» . 
the  bottom  and  reaches  the  summit  of  the  bluff.     TVTiere  these  Ikc 
lands  are  traversed  the  river  is  apt  to  change  its  channel,  and  if 
controlled  would  cut  its  banks,  thus  destroying  the  canal.     The  r^. 
lating  works  are  carried  for  4  miles  above  the  head  of  the  canal  i' 
15  miles  below  it,  and  consist  of  long  earthen  embankments  or  gron  * 
which  jut  straight  out  into  the  river  channel  at  right  angles  t* 
course  and  are  protected  on  their  ends  by  rock  paving  and  rock  Die- 
Sixteen  miles  below  the  Narora  weir  the  Lower  Ganges  canal  cn>'-  ^ 
the  great  Kali  Nadi  Torrent,  which  in  time  of  floods  becomes  an  f : 
mous  river.     The  canal  is  carried  across  this  torrent  on  an  aqoe! 
which  provides  water  way  for  a  flood  of  130,000  second-feet    T. 
channel  of  the  canal  on  the  top  of  the  aqueduct  is  130  feet  widt  ^ 
7  feet  deep.     Previous  to  1885  there  was  in  this  place  a  short  aque*!  ^ 
calculated  to  pass  a  flood  of  30,000  second-feet;  but  in  that  year  it  ^^^ 
destroyed  by  an  unprecedented  flood  of  nearly  130,000  second-f- 
and  has  since  been  entirely  remodeled  and  reconstructed. 

On  February  12 1  left  Narora  for  Lahore,  the  capital  of  the  prorir. 
of  Punjab.     In  the  absence  of  Col.  F.  J.  Home,  R.  E.,  the  chief  tt: 
neer  for  irrigation  in  the  Punjab,  I  presented  my  letters  of  intri»iw 
tion  to  Mr  Cockhorn,  the  ofl&ce  assistant,  who  had  been  instructt^l 
Colonel  Home,  in  anticipation  of  my  arrival,  to  furnish  what  aiti  " 
could.     In  the  Punjab  I  was  less  fortunate  than  elsewhere.    T. 
works  of  that  region  are  among  the  greatest  and  most  interestiDJ 
India.     I  reached  there  in  the  midst  of  the  busiest  part  of  the  fr 
season.     Most  of  the  engineers  were  far  out  of  reach  of  railwa}> 
other  convenient  modes  of  travel,  in  charge  of  the  constniciii»i 
works,  and  as  time  was  limited  it  was  impossible  to  go  far  out  of  ^ 
way  to  meet  them.     Accordingly,  I  decided  not  to  visit  the  worb 
the  Western  Jumna  nor  the  Bari  Doab  canals,  but  to  devot**  *' 
remaining  time  to  a  thorough  inspection  of  the  Sirhind  canals,  wh 
are  the  most  modern  and  perhaps  the  most  interesting  of  anv  of ' 
canals  of  India. 

I  at  once  proceeded  to  Amrister  in  hope  of  meeting  Major  Otti' . 
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E.,  the  supervising  engrineer,  from  whom  I  expected  information 
d  assistance  in  the  trip.     Here,  again,  I  was  disappointed,  and  found 

one  who  could  give  assistance  or  advice  as  how  to  visit  them  best. 
icordingly  I  decided  to  go  to  Ludhiana,  the  nearest  railway  point  to 
e  canal.  I  reached  there  on  February  14  and  called  on  Mr.  J. 
?nipster,  executive  engineer  in  charge  of  the  Sirhind  canals.  I  did 
>t  receive  much  encouragement  from  Mr.  Dempster,  as  he  said  that 
r'ing  to  not  having  been  previously  advised  of  the  trip  and  the  short- 
!S8  of  the  time  it  would  be  nearly  impossible  to  arrange  conveniently 

show  me  the  canals.  From  Ludhiana  to  Rupar,  where  the  head- 
>rks  of  the  canal  are,  is  a  distance  of  about  60  miles,  and  to  make 
is  trip  it  would  be  necessary  to  engage  an  elephant  and  to  procure 
e  necessary  traveling  outfit.  As  I  did  not  know  where  to  find  these, 
id  Mr.  Dempster  was  apparently  too  busy  to  aid  in  the  search,  I 
luctantly  abandoned  the  journey,  and  on  the  same  day  left  by  train 
»  visit  the  Ganges  canal. 

Next  morning,  February  16, 1  reached  Roorkee,  where  I  found  that 
r.  M.  King,  executive  engineer,  had  made  elaborate  preparations  for 
le  trip  over  the  line  of  the  canal.  I  also  found  Col.  G.  T.  Skipworth, 
..  E.,  chief  engineer  of  the  Northwest  Provinces  and  secretary  to 
^vemment,  and  Mr.  W.  J.  Wilson,  his  assistant  secretary.  They  had 
lade  preparations  for  the  annual  inspection  of  the  lines  of  the  canal, 
ut  as  they  would  not  be  prepared  to  set  out  on  their  trip  for  a  few 
ays,  Mr.  King  had  arranged  to  take  me  to  the  head-works  and  return 
)  Roorkee  in  time  to  accompany  the  inspecting  party.  A  portion  of 
ae  15th  was  spent  in  examining  the  ofl&ce  records  and  maps,  and  early 
n  the  following  morning  Mr.  King  and  I  set  out  on  a  tonga  drive 
long  the  banks  of  the  canal  bound  for  Hardwar,  where  are  situated 
fie  head-works.  Owing  to  the  heat,  though  the  distance  was  but  20 
liles,  two  relays  of  horses  had  been  sent  out  to  hasten  the  journey. 
Vo  heavy  bullock  carts  laden  with  camp  equipage,  etc.,  and  an  ele- 
hant  which  would  be  required  in  making  journeys  away  from  beaten 
oads,  had  also  been  previously  forwarded  to  Hardwar.  In  the  course 
•f  the  drive  along  the  canal  banks  we  had  an  excellent  opportunity 
or  investigating  the  level  crossing  of  the  Rutmoo  Torrent  at  Dhanowri. 
^e  also  examined  the  great  aqueduct  by  which  the  Ganges  canal  is 
•arrfed  across  the  Solani  Valley  and  the  superpassages  which  conduct 
he  waters  of  the  Puthri  and  Ranipur  torrents  over  the  Ganges  canal, 
rhese  works  were  also  examined  on  the  return  trip  to  Roorkee,  when 
^  was  enabled  to  observe  other  points  of  interest  that  had  escaped 
lotice  on  the  first  inspection. 

We  spent  the  night  at  Hardwar  and  on  the  following  day  set  out  on 
she  elephant  to  examine  the  various  river  training  and  regulating 
works,  whereby  the  greater  part  of  the  water  of  the  Ganges  River  is 
guided  into  the  Hardwar  channel,  from  which  it  is  diverted  into  the 
canal.    These  training  and  regulating  works  extend  for  a  distance  of 
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several  miles  above  Hardwar  and  are  nniqae  from  the  fact  thai  \ 
supply  of  water  being  at  all  times  abundant  for  the  demands  of  i 
canal,  no  permanent  dam  bas  been  thrown  across  the  river.    The  - 
of  the  river  is  here  broken  up  into  several  channels  And  is  very  viv 
but  by  means  of  a  row  of  three  temporary  dams  constructed  of  I-  - 
ders  the  majority  of  the  water  is  turned  into  the  ELardwar  cbai: 
These  temporary  dams,  it  has  been  found,  can  be  more  cheaply  re* 
structed  annually  after  their  destruction  by  the  regular  floods,  tli 
great  permanent  weir  could  be  built  across  the  entire  channeL  A^ 
the  temporary  bowlder  dams  a  permanent  masonry  wall  has  been  * 
structed  on  one  minor  channel  besides  a  series  of  i>erman«it  bo?^. 
embankments  and  bars,  the  latter  to  prevent  the  retrogression 
grades.     Groins  and  other  training  works  so  confine  the  main  l- 
of  water  to  the  Hardwar  channel  that  during  times  of  greatest  f> 
when  all  of  these  works  are  submerged,  little  or  no  damage  is  dont 
the  permanency  of  this  channel.     At  Myapur,  the  head  of  the  G&l. 
canal,  below  the  training  works,  a  permanent  lireir  with  the  u*: 
scouring  sluices  has  been  thrown  across  the  Hardwar  channel ' 
training  the  water  into  the  regulator  at  the  head  of  the  canaL 

On  the  following  morning  we  continued  our  inspection  of  thf  b* 
works  and  in  the  afternoon  returned  to  Boorkee.     The  18th  was  >i' 
at  Roorkee  in  a  visit  to  the  Thomason  College  of  Civil  Engines:  . 
where  Colonel  Brandreth,  the  president,  kindly  showed  me  over 
building  and  furnished  numerous  valuable  reports  and  other  in: 
mation. 

On  February  20  I  reached  Okhla,  near  Delhi,  at  which  place  ^ 
situated  the  head-works  of  the  Agra  canal.    Here,  thanks  to  the  ki 
ness  of  Colonel  Crofton,  superintending  engineer,  who  had  vr- 
from  Roorkee  of  the  intended  visit,  I  was  met  by  Mr.  C.  Q.  Pain 
the  executive  engineer  of  the  Agra  canal,  with  whom  I  viaitel 
works  under  his  charge.     The  head-works  of  this  canal  consist  ^'^ 
low  weir  10  feet  in  height  and  2,573  feet  in  length  from  the  right  liar 
the  left  wing  resting  on  an  island  in  the  middle  of  the  riv^.    Wii  - 
and  heavy  earth  embankments,  20  feet  wide  on  top,  are  carried  htr- 
the  island  and  the  east  channel  and  thence  up  the  left  bank  to  : 
railway  bridge  at  Delhi. 

This  canal  receives  its  water  supply  from  the  Jumna  River,  vt 
however,  does  not  at  all  times  carry  sufficient  water  to  fill  it.   : 
supply  is  accordingly  augmented  by  means  of  a  cut  from  the  Hie 
River,  which  empties  the  water  of  that  stream  into  the  Jnmna  al' 
the  diversion  weir.     In  the  weir  there  is  the  usual  set  of  scoar 
sluices  at  the  end  adjacent  to  the  canal  head  and  the  cnstomaryiViT 
lating  gates  and  lock  for  navigation  purposes  at  the  canal  entrAc^ 
Like  the  Ganges  River  at  Narora,  the  Jumna  here  requires  the  r 
struction  of  great  river  training  works  similar  in  their  general  cb. ' 
acter  to  those  on  the  Lower  Ganges,  but  in  order  to  throw  the  gr^> 
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>rtioii  of  the  water  toward  the  right  bank  of  the  river,  where  the 
knal  head  is,  alligator  groins  have  been  run  at  right  angles  to  the 
ae  of  the  weir,  by  means  of  which  the  water  is  trained  in  the  desired 
Lrection. 

After  examining  the  office  records  and  maps  at  Okhla,  Mr.  Palmer 
nd  I  made  a  trip  by  tonga  down  the  line  of  the  canal  to  examine  some 
I  the  works  of  interest.  We  passed  several  inlets  by  which  the  drain- 
ge  of  small  streams  heading  in  the  hills  to  the  sooth  is  admitted  to 
le  canal.  The  water  enters  by  stone  cnlverts,  and  the  core  of  the 
Einal  embankment  at  these  places  is  usually  constructed  of  rubble 
lasonry.  These  inlets  are  generally  controlled  from  a  gate  tower, 
[ear  the  Ali  Torrent  the  canal  banks  are  protected  on  the  upx>er  side 
y  a  long  earthen  dam,  forming  a  storage  reservoir  which  catches  the 
rainage  of  several  small  streams  from  the  hills  and  passes  this  through 
n  outlet  or  spillway  into  a  superpassage  of  sheet  iron  carried  over  the 
anal.  The  water  retained  in  the  reservoir  is  allowed  to  settle,  and 
^hen  clear  of  silt  is  admitted  into  the  canal,  but  in  time  of  floods  the 
uperabundant  discharge  is  carried  over  the  spillway  previously  men- 
ioned  and  discharged  into  the  Jumna.  Many  hundreds  of  small  tanks 
Lave  been  constructed  all  through  this  region,  and  one  very  large  one 
s  now  under  construction  on  the  Surwa  River  about  15  miles  above 
i^aroda. 

Among  the  most  interesting  sights  from  a  scientific  point  of  view  to 
)e  seen  in  India  are  the  ancient  astronomical  observatories  erected  by 
he  old  Arab  astronomers  at  Delhi  and  Jeypur.  At  the  latter  place  I 
lad  an  opportunity  to  examine  carefully  the  observatory  of  the  Shah 
Fehan,  which  covers  a  couple  of  acres  of  ground  and  is  surrounded  by 
\,  high  stone  wall.  Within  this  inclosure  are  constructed  many  unique 
masonry  instruments  with  which  were  conducted  the  observations  of 
the  ancient  astronomer. 

On  March  3  I  reached  Bombay,  and  a  few  days  afterwards  left  for 
home. 

At  Aden  I  stopped  a  day,  thus  giving  sufficient  time  to  examine 
the  strange  old  reservoirs  (PI.  II),  constructed  in  a  gully  above  that 
town,  which  supply  it  with  water.  It  is  only  once  in  several  years 
that  a  sufficient  rainfall  occurs  in  this  arid  region  to  fill  the  tanks. 
There  are  several  of  them,  one  above  the  other  far  up  the  gully,  and 
it  was  my  good  fortune  to  be  there  a  few  days  after  the  occurrence  of 
the  first  storm  that  had  filled  them  in  three  years.  They  are  most 
carefully  constructed,  lined  throughout  with  hydraulic  cement,  thus 
preventing  any  leakage  through  their  rock  bottoms,  and  are  closed 
by  substantial  dams  with  wasteways  and  masonry  conduits  leading 
from  one  to  the  other,  so  that  the  least  possible  amount  of  water  will 
be  lost  by  absorption.  The  total  storage  capacity  of  these  tanks  is 
about  12,000,000  gallons. 

From  Aden  I  proceeded  direct  to  Suez,  where  I  took  the  train  for 
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Cairo,  arriving  there  on  March  18.     Here  I  called  upon  the  Amer* 
consul-general,  Mr.  Eugene  Schuyler,  who  informed   me  how  l>e>:  * 
see  the  irrigation  works  in  the  immediate  vicinity.      By  him  1  ^ 
introduced  to  Col.  Sir  Scott  Moncrieff,  the  minister  of  public  wu-. 
for  the  government  of  Egypt,  from  whom  valuable  information .: 
numerous  reports  relative  to  the  irrigation  works   of  that  conn' 
were  obtained.     The  next  day  the  Barrage  du  Nil  vras  visited,  it  W 
readily  reached  by  a  railway  trip  from  Cairo  occupying  about  an  h  • : 
Two  other  trips  to  the  Barrage  were  made,  during  which  ample  opj^ 
tunity  was  had  to  examine  the  works.     Construction   was  1^  - 
rapidly  pushed,  and  there  were  probably  6,000  workmen  empl'  :• 
on  them. 

A  few  days  later  I  proceeded  to  Brindisi,  Italy,  thence  to  Ri '^^^ 
where  I  arrived  March  30.  In  Rome,  thanks  to  the  kindne^  of  * 
American  minister,  the  Hon.  A.  G.  Porter,  I  called  upon  the  minK 
of  finance,  under  whose  direction  are  the  irrigation  w^orks  of  It^ 
From  him  I  received  a  letter  to  Signer  Carlo  Sospizio,  the  direct* »' 
the  Cavour  canal  at  Turin,  and  on  the  following  day  I  reached  Tur 
Signer  Sospizio  was  very  courteous,  and  arranged  to  have  one  of :  • 
sul)engineers  meet  me  the  following  day  at  Chivasso,  where  the  h-^ 
works  of  the  Cavour  canal  are,  and  show  me  over  them. 

On  April  2  I  was  met  at  Chivasso  by  Signer  Canavotte  Oresi^. 
assistant  engineer.     With  him  the  following  two  days  were  spt*L* 
an  inspection  of  the  line  of  the  Cavour  canal  as  far  as  the  inver: 
siphon  crossing  the  River  Sesia.     The  trip  was  made  from  Chiva-^- 
in  a  carriage  along  the  canal  banks  as  far  as  the  aq^ueduct  eni>^  '- 
the  River  Dora  Baltea,  below  Saluggia.     From  this  x>oint  the  carnx 
was  sent  around  the  road  to  Saluggia  and  we  examined  the  canals: 
aqueduct  on  foot,  rejoining  the  carriage  at  Saluggia. 

The  weir  across  the  River  Po  at  the  head  of  the  Cavour  canal  > 
temporary  one,  constructed  of  brush  and  rocks,  and  is  not  over  ^  '- 
in  height.  This  weir  has  to  be  annually  repaired,  but  this  is  W 
expensive  than  the  construction  of  a  pei^anent  one  would  be.  ^ 
the  River  Po  is  low,  and  does  not  discharge  sufficient  water  fw 
wants  of  the  canal,  additional  water  is  supplied  by  the  subsiJi* 
Canal  Farini,  while  the  Canal  Rotto  adds  some  of  the  water  of  * 
Dora  Baltea  to  it. 

Above  Saluggia,  near  Cigliano,  is  an  interesting  arrangement  ' 
lifting  the  water  from  a  low-  to  a  high-level  canal.  This  eon2ii>t> 
four  levels  of  canals.  Between  the  two  lower  ones  is  placed  an  t^x* 
sive  pumping  plant,  operated  by  turbines  which  receive  their  Vi»= 
from  the  upper  of  the  two  lower  canals  and  tail  into  the  lower  <^^^ 
whence  the  water  is  distributed  to  low-lying  fields.  The  lower  i»:"  • 
two  upper  canals  supplies  water  by  means  of  an  immense  wroii-i 
iron  pipe,  3  feet  in  diameter,  with  a  head  of  about  66  feet,  to  - 
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imps  below,  and  these  force  it,  through  another  pipe  of  the  same 
rnensions,  a  total  height  of  140  feet,  to  the  high-level  canal,  whence 
is  distributed  to  the  upper  fields. 

From  Saluggia  we  proceeded  by  rail  to  Santhia,  near  where  the 
inal  Cigliano  passes  over  the  Ivrea  canal  and  at  the  same  time  sup- 
ies  it  with  water.  The  night  was  spent  in  Vercelli,  and  in  the 
orning  we  proceeded  to  Greggio,  where  the  Cavour  canal  passes 
ider  the  River  Sesia  in  a  great  siphon  nearly  800  feet  in  length, 
iiieh  carries  the  entire  capacity  of  the  canal.  This  system  consists 
four  channels  or  conduits  constructed  of  masonry,  oval  in  shape, 
e  inside  diameters  of  which  are  9  by  15  feet. 

On  the  following  day  I  proceeded  to  Milan,  thence  over  the  cele- 
•ated  St.  Gotthard  route  through  Switzerland  to  Paris,  where  I  arrived 
I  April  6.  In  Paris,  through  the  courtesy  of  the  minister  of  public 
arks,  I  received  a  letter  to  M.  Camere,  engineer  in  chief  of  bridges 
id  roads,  located  at  Vernon,  with  whom  I  examined  the  various 
irrages  which  regulate  the  navigation  of  the  Seine.  At  Paris  the 
Lamination  of  irrigation  works  came  to  an  end,  and  I  proceeded 
lence  direct  to  the  United  States. 
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CHAPTER    I. 

FINANCK  ANI>   STATISTICS. 

VALUE  AND  NECESSITY  OF  IRRIGATION. 

Ill  view  of  the  interest  in  the  subject  of  irrigation  which  has  been 
cently  developed  in  this  country,  it  will  be  well  to  observe  what 
mefitshave  been  derived  financially  and  otherwise  from  the  irrigation 
orks  that  have  been  in  active  operation  in  India  during  the  last  cen- 
iry,  and  also  to  note  what  Indian  and  English  statesmen  and  engi- 
3er8  have  to  say  on  the  subject  of  the  extension  of  irrigation  in  India, 
ecause  of  the  similarities  of  the  countries,  climates,  and  the  condi- 
ons  under  which  irrigation  works  are  operated  in  America  and 
idia,  some  useful  lessons  may  be  drawn  from  these  comparisons.  It 
*s  already  been  shown  that  the  conditions  of  the  utilization  of  the 
aters  of  irrigation  works  are  quite  similar  in  the  two  countries,  and 
lat  the  autumn  crop  in  India  is  cultivated  under  circumstances 
Imost  identical  with  those  under  which  our  ordinary  summer  crops 
re  grown  in  the  arid  regions. 

The  Indian  financier  divides  the  irrigation  works  into  two  great 
lassos,  called  major  and  minor  works.  Major  works  are  generally 
lose  of  more  importance  from  an  engineering  point  of  view,  and  have 
een  in  some  cases  almost  entirely  constructed  by  the  British  Govem- 
lent,  while  the  minor  works  are  of  smaller  pretensions  and  in  many 
ases  modifications  or  improvements  of  existing  ancient  irrigation 
ystems.  The  portion  of  the  major  works  that  are  constructed  from 
apital  provided  from  the  general  revenues  of  India  are  styled  "pro- 
3ctive  works."  "Productive  works"  are  usually  constructed  from 
apital  which  has  been  borrowed,  and  it  is  expected  that  a  sufficient 
rofit  will  be  realized  from  their  operation  to  pay  interest  on  the  bor- 
owed  money.  Many  minor  works  are  also  i)roductive  works.  In 
eneral,  protective  works  are  constructed  as  a  protection  against 
amines,  and  they  act  in  the  amelioration  of  these  in  two  ways.  First, 
hey  are  construct/cd  during  famine  times  to  give  employment  to  the 
►eople  and  furnish  them  money  and  food  for  their  sustenance,  and 
econd,  aft^r  their  construction  they  are  expected  to  furnish  sufficient 
v^ater  for  irrigation  purposes  to  render  them  a  protection  against 
uture  droughts  and  the  resulting  famines.  The  majority  of  those 
amine  protective  works  consist  of  storage  reservoirs  constructed  in 
he  more  arid  portions  of  India. 
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The  reason  for  the  success  of  the  greater  productive  works  of  n^r   i 
ern  India  is  twofold-     First,  these  works  are  constracted  in  a  cool 
similar  to  that  of  the  western  United  States,  so  barren  and  deToi': 
water  that  nobody  could  live  there  or  produce  crops  of  any  ?ort  rj 
canals  had  been  dug  and  water  provided  for  irrigation.     Acoordiiu: 
all  those  who  immigrated  to  the  neighborhood  of  these  canals  wer* 
once  compelled  to  use  and  pay  for  the  water,  otherwise  Hiey  vi     j 
have  been  unable  to  raise  crops.     It  is  owing  to  the  fact  that  tb- 
works  have  been  able  to  do  their  full  duty  and  the  total  amoim^ 
water  furnished  by  them  has  been  in  constant  demand  that  theyh^ 
earned  interest.     On  the  contrary,  the  protective  works,  whidi  Li 
usually  proved  financial  failures,  have  been  built  in  regions  wher- 
ordinary  years  the  precipitation  has  been  sufQicient  t-o  produce  z** 
croi)s,  but  where  during  occasional  years  the  crops  suffer  from  1*:a 
water,  and  it  is  then  only  that  the  irrigation  works  are  called  iii- 
Such  works  being  only  utilized  occasionally,  produce  only  mtJdt  r. 
returns  during  occasional  years.     Were  these  works  constructed  :: 
less  inhabited  region  and  in  one  lacking  sufficient  precipitatioi 
raise  crops,  they  would  doubtless  then  do  constant  duty,  and  it  lai: 
reasonably  be  expected  that  they  would  become  productive  wnrv^ 
In  some  few  cases,  such  as  those  of  the  Sidhnai  canal  in  the  Pim 
and  the  Betwa  canal  and  reservoir  in  the  Northwest  provinces,  w  > 
originally  constructed  as  "protective  works  have  received  such  a  ^ 
stant  demand  for  their  waters  that  they  are  now  productive,  retim: . 
moderate  interest  on  the  capital. 

Anywhere  in  our  arid  West  where  irrigation  works  may  be  in- 
structed it  is  reasonable  to  suppose,  judging  from  analogy,  that  wh^ 
sufficient  population  settles  below  them,  these  works  will  be  eaJled  ot- 
to furnish  all  the  water  they  can  provide,  and  if  properly  and  carvf  i 
planned  and  estimated  for  should  return  fair  interest  on  the  crip » 
outlay.     Only  semihumid  regions,  such  as  western  Kansas,  the  I 
kotas,  Nebraska,  and  Oklahoma,  have  been  subjected  to  famlr  - 
These  occur  every  few  years,  and  are  the  results  of  the  country  hsv  . 
been  settled  during  periods  of  fair  rainfaU.     Following  the^e  lv 
years  came  a  season  or  two  of  minimum  rainfall  when  the  crops  *>^ 
parched.     It  is  only  because  of  the  increased  transportation  facil-  • 
in  our  West  and  the  extensive  charities  undertaken  by  the  Governni 
and  people  that  settlers  in  that  portion  of  our  country  have  been  sa'» 
from  famine.     It  is  in  such  regions  as  those  in  India  that  theGovr 
ment  has  devoted  the  most  time,  attention,  and  money  for  the  eonj>tn 
tion  of  irrigation  works  as  a  means  of  protection  against  such  Kjs^- 
and  convincing  arguments  have  been  brought  to  prove  that  uv'- 
expended  in  such  protective  works  is  saved  to  the  Gk>vemnient. 

The  high  price  paid  for  labor  as  compared  with  that  in  India  i^  * 
argument  generally  used  to  prove  that  similar  profitable  returns  fr' 
irrigatioii  enterprises  in  this  country  cannot  necessarily  be  exptv  * 
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the  cost  of  construction  here  would  be  proportionately  so  much 
ater  as  to  demand  a  higher  return  from  the  use  of  water  in  order  to 
'  a  corresponding  rate  of  interest.     It  is  not  improbable  that  with 

increased  amount  of  work  done  by  an  American  laborer  as  com- 
ed  with  that  of  a  Hindoo  coolie,  and  with  the  aid  of  many  mechanical 
ices,  the  discrepancy  in  cost  is  not  so  great.  Moreover,  returns 
ived  from  irrigation  works  in  the  two  countries  are  more  nearly 
lalized  from  the  fact  that  we  can  impose  a  higher  tax  for  the  use  of 
:er  than  it  is  possible  to  demand  of  the  poor  farmers  in  India,  where 
rii  2  to  5  acres  support  a  large  family.  The  apparent  low  cost  of 
lian  labor  is  at  first  glance  against  this  argument.  Men,  women,  and 
Idren  are  engaged  alike  in  the  construction  of  all  works.  Ascom- 
n  laborers  women  and  children  receive  about  4  cents  per  day,  and 
n  from  8  to  10  cents.  SkiUed  masons  and  machinists  receive  from 
to  22  cents  per  day,  and  carpenters  and  blacksmiths  nearly  the 
ae. 

n  the  interior  towns  of  the  Bombay  Presidency  contract  prices  are 
>ut  as  follows :  At  the  Bhatgur  dam  uncoursed  rubble  masonry  costs 
75  per  cubic  yard,  while  at  the  Tansa  dam  it  costs  12. 50  per  yard.  In 
)  Northwest  Provinces  earth  excavations  in  deep  canal  cuts  cost  6f 
its  per  cubic  yard,  while  surface  excavation  costs  2^  cents.  In  the 
njab,  according  to  the  revenue  reports,  water  in  the  canals  yields  a 
um  of  from  70  cents  to  $1.25  per  second-foot,  while  the  water  rate 
irged  per  acre  irrigated  was  from  70  cents  to  $1.15.  In  Bombay, 
wording  to  the  revenue  report  of  1889,  the  water  rate  derived  was 
15  per  acre  irrigated,  and  ranged  from  35  cents  to  $3,  the  latter 
ure  being  abnormal  and  paid  for  the  irrigation  of  sugar-cane  crops, 
dch  require  an  enormous  amount  of  water  in  their  cultivation, 
gainst  these  prices  we  are  able  to  obtain  in  the  central  arid  regions 
America  a  revenue  of  from  $1 .50  to  $3  per  acre,  which  is  equivalent 
•  a  duty  of  80  acres  per  second-foot  to  from  $120  to  $240  per  second- 
>t  utilized.  In  California  and  other  portions  of  the  country  where 
iter  is  scarce  and  the  crops  valuable  the  rate  is  usually  many  times 
jher  than  the  above. 

In  the  province  of  Sind  in  the  Indus  Valley,  including  the  southern 
m  jab,  there  is  an  enormous  and  thirsty  waste  of  sandy  desert  where 
e  annual  precipitation  is  always  below  10  inches,  even  falling  as  low 

3  or  4  inches.  There  nothing  can  be  grown  without  the  aid  of  irri- 
tion,  and  the  entire  area  under  cultivation  and  the  population  sup- 
•rted  thereby  are  entirely  dependent  on  irrigation.  The  works  in  that 
^ion  are  chiefly  inundation  canals  with  a  few  perennial  canals  mostly 
ken  from  the  Indus  River.  In  the  Sind  alone  over  3,000,000  acres 
e  under  cultivation,  and  yield  an  annual  revenue  of  about  $3,700,000. 
In  Bombay  and  the  Northwest  Provinces  nearly  double  the  popula- 
3n  is  now  sustained  that  was  supported  previous  to  the  introduction 

modern  irrigation  works.     According  to  Col.  Baird  Smith,  the  whole 
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of  the  region  irrigated  by  the  Eastern  Jumna  canal  -would  have  • 
devastated  by  the  famine  of  1837-38  without  the  aid  of  the  irni:- 
which  that  eanal  afforded.     With  its  aid  the  population  was  eonii 
bly  supported  and  the  gross  revenue  derived  from  the  nse  of  ih**  ? 
was  $2,445,000,  of  which  the  Government  received  a  yearly  net  ii 
of  $250,000,  and  this  shortly  after  the  completion  of  the  work.    I: 
same  year  the  united  Eastern  and  Western  Jumna  canals  wert 
ma  ed  to  have  saved  property  to  the  value  of  $10,000,000,  ami  = 
result  of  this  showing  the  British  Government  shortly  af  terward>  V. 
the  construction  of  the  great  Ganges  canal  and  other  simikrit 
From  the  report  of  Major  Baker,  R.  E.,  it  appears  from  actual  l 
urements  made  on  the  Western  Jumna  canal  in  1838  that  the  .- 
value  of  crops  on  lands  irrigated  by  that  canal  was  $7,500,000,  of  ^ 
$750,000  was  paid  to  the  Government  as  land  and  water  res:; 
remainder  aided  to  feed  and  support  the  inhabitants  of  5<X)  \i: 
during  a  i)eriod  of  devastating  famine.     Without  irriisration  tlL:>  - 
would,  during  that  drought,  have  been  totally  unproductive. 

As  an  indication  of  the  increased  revenue  derived  from  the  a* 
water  and  the  capability  of  the  soil  to  pay  that  increase,  it  ajt 
that  in  the  presidency  of  Madras  the  rate  of  assessment  in  tht 
region  is  about  $2.30  per  acre  on  irrigated  land,  as  a^:ainst  '>''  - 
per  acre  on  land  not  irrigated.     It  is  difl&cult  to  show  in  a  sati^fa 
manner  what  has  been  the  actual  result  of  the  irrigation  vroH-* 
India  as  financial  undertakings.     The  figures  given  convey  littk 
of  the  actual  benefit  derived  from  the  canals,  as  much  of  thb  i- 
lected  as  the  land  tax,  which  forms  nearly  half  the  total  reveL. 
the  Indian  Government. 

Another  difficulty  in  reviewing  the  financial  results  of  Indian 
gation  works  is  found  in  the  fact  that  in  several  cases  capital  ^1 
by  the  Government  accounts  does  not  include  the  value  of  thr 
native  works,  upon  which  the  British  undertakings  were  foun 
Recognizing  these  difficulties,  Major-General  Dickens  presenlel 
the  select  committee  on  public  works  a  statement  of  'which  the  f  "^ 
ing  is  a  summary,  which  was  given  as  the  nearest  approximatt*  t 
truth   that  could  be  obtained.     This  statement  was   for  the  ; 
1875-76  only,  and  no  allowance  was  made  for  the  value  of  tht 
native  works,  which  General  Dickens  stated  did  not  exceed  $2,.V* 
The  total  expenditure  to  date  was  $77,500,000;  the  total  receipts- 
$6,150,000,  and  the  working  expenses  were  $2,000,000.     This  >i 
that  the  irrigation  works  of  India,  taken  altogether,  paid  at  that ' 
a  revenue,  direct  and  indirect,  of  5^  per  cent  to   the  state.    " 
includes  some  works  which  were  only  partially  in  operation,    i^i 
Dickens  anticipated  that  when  in  full  operation  they  would  e»  i 
ally  pay  6  to  7  per  cent. 

As  an  indication  of  the  time  which  must  necessarily  expire  at' 
canal  work  is  opened  and  before  it  is  doing  its  full  duty  and  rtti. 
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ig  its  full  revenue,  the  great  Ganges  canal  was  fourteen  years  in 
)orat  ion  before  it  paid  4  per  cent  on  its  simple  capital,  and  Colonel 
rofton,  the  late  inspector-general  of  irrigation  in  India,  appears  to 
link  that  ten  years  is  by  no  means  an  unreasonable  time  to  elapse 
ter  an  irrigation  work  has  been  put  in  operation  before  it  can  pay 
iterest  on  its  cost.  Gen.  R.  Strachey  in  1865  gave  it  as  his  opinion 
lat  it  was  not  likely  that  even  6  per  cent  would  be  realized  in  ten 
>ars  on  the  capital  stock  on  any  but  the  smallest  irrigation  works, 
hile  Col.  Baird  Smith  took  it  for  granted,  in  reporting  on- the  pro- 
:)sed  Soane  canal,  that  the  works  would  not  be  self-supporting  for 
xtoen  years  after  they  had  been  opened  for  irrigation. 
The  following  quotations  are  from  the  reports  of  the  select  commis- 
oii  appointed  in  1888  by  the  British  Government  to  report  on  meas- 
res  of  protection  from  and  prevention  of  famine.  This  report  bears 
reat  weight,  owing  to  the  high  character  of  the  members  of  the  com- 
lission,  both  as  engineers  and  men  of  experience  in  the  construction 
11(1  management  of  irrigation  works  and  as  statesmen  of  broad  views, 
hose  integrity  can  not  be  doubted.  This  commission  consisted  of  Gen. 
tiehard  Strachey,  James  Caird,  H.  S.  Cunningham,  H.  E.  Sullivan, 
nd  J.  P.  Peile.  Their  remarks  relative  to  the  value  of  irrigation 
orks  were  as  follows: 

It  is  not  only  in  years  of  drought  and  as  a  protection  against  famine  that  irriga- 
on  works  are  of  value.  In  seasons  of  average  rainfall  they  are  of  great  service 
ri<l  a  source  of  great  wealth,  giving  certainty  to  all  agricultural  operations,  increas- 
li?  the  outturn  \)2T  acre  of  the  crops,  and  enahling  more  valuahle  descriptions  of 
rops  to  be  grown.  The  following  instances  may  be  quoted  from  the  mass  of  evi- 
ence  l)efore  the  commission:  The  outlay  on  completed  canals  in  the  Punjab  up 
J  the  close  of  1877-78  had  been  $11,300,000.  The  total  area  irrigated  by  them  was 
.Ji24,()0()  acres.  The  value  of  food  grains  raised  on  two  works,  the  Western  Junma 
nd  the  Bari  Doab  canals,  was  $14,400,000.  It  may,  without  exaggeration,  be  reck- 
necl  that  one-half  of  these  crops  would  have  perished  if  un watered,  or  would  not 
ave  1)een  raised  at  all  if  the  canals  had  been  absent,  so  that  in  that  one  year  alone 
lie  wealth  of  the  Punjab  was  increased  by  these  two  canals  by  $7,200,000,  an 
mount  equal  to  about  two-thirds  the  cost  of  the  works,  and  but  for  the  protection 
hey  afforded  the  Government  would  have  lost  heavily  from  the  necessity  of  remit- 
ing  revenue  and  otherwise  providing  for  famine  reUef .  The  net  revenue  for  the 
ear  in  the  Punjab  was  only  $610,000,  being  about  5i  per  cent  on  the  capital  outlay 
u  works  in  oi)eration,  a  result  which  obviously  supplies  a  wholly  inadequate  test 
f  their  value  to  the  country. 
Tp  to  the  year  1878  the  capital  outlay  on  canals  completed  in  the  Northwest 
Provinces  had  been  $21,800,000.  The  area  irrigated  that  year  was  1,461,000  acres, 
he  value  of  the  crop  raised  on  which  was  estimated  at  $30,000,000.  Half  of  the 
tea  irrigated  was  occupied  by  autumn  crops,  which  but  for  irrigation  must  have 
>een  wholly  lost,  and  it  may  be  safely  said  that  the  wealth  of  these  provinces  was 
onsequently  increased  by  $15,000,000,  so  that  three-fourths  of  the  entire  first  cost 
»f  the  works  was  thus  repaid  to  the  country  in  that  same  year.  The  net  revenue 
o  the  Qt)vemment  from  irrigation  in  these  Provinces  was  $1,550,000,  or  7^^  per 
:ent  on  the  whole  capital  outlay  of  $28,750,000,  of  which  about  $6,250,000  was  stiQ 
mproductive. 
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The  results  of  irrigation  are  not  so  favorable  in  Bengal  and  Behar  as  in  th^  i^ ' 
two  provinces,  chiefly  becanse- irrigation  is  there  less  necessary  since  therain^il 
more  abundant.    There  is  sufficient  evidence  of  its  value  in  Madras.    Tn^  *: 
great  deltaic  systems  of  irrigation,  the  Qodaveri,  the  Kistna,  and  tlie  Canvr-ri  ^^ 
diretrt  returns  of  8,  6,  and  31  per  cent,  resi)ectively,  on  the  c^x)ital  silent  on  t;- : 
During  the  year  1876-77,  a  year  when  every  unirrigated  district  was  imj»-n-i- 
large  X)art  of  the  food  of  its  population,  the  value  of  rice  prodnceil  in  the  •!-> . 
the  Godaveri  and  Kistna  rivers  is  calculated  at  the  prices  then  prevailing  t-  .. 
been  not  less  than  $25,000,000,     The  ordinary  rental  of  land  in  northern  In  i 
doubled  by  irrij^ation,  while  in  11  districts  of  Madras  the  average  rent;ilT- 
from  40  cents  to  $1.70  per  acre.     In  considering  this  question  it  should  \^  ^  ' 
in  mind  that  there  are  other  causes  of  financial  ill  success  of  irrigation  work-  •- 
one  temporary,  the  other  permanent.    In  the  one  case  the  "works  may  fail  :< 
for  a  time  because  of  the  slowness  with  w^hich  the  people  adapt  themselv*^  ^ 
new  system  of  cultivation,  a  difficulty  which  arises  in  almost  every  new  w-; 
because  of  errors  in  the  details  of  the  scheme  which  experience  detects  an«iT^- 
are  easily  remedied.     In  the  other  case  the  failure  may  be  dne  to  the  irl  ' 
defects  of  the  scheme  and  to  the  fact  that  the  water  costs  more  than  it  i-^  ^  " 
In  the  former  case  there  may  be  reason  to  expect  that  the  water  will  be  everr-- 
fully  utilized  and  the  deficit  be  converted  into  a  surplus,  thongh  the  accmnt.  ' 
excess  charges  during  a  series  of  years  may  amount  to  a  large  sum  which  i>- 
will  only  gradually  wipe  out.    In  the  latter  case,  though  there  may  be  r.» : 
improvement  and  economy  in  the  distribution  and  use  of  the  water,  it  iii»; 
impossible  ever  to  realize  a  surplus.  « 

According  to  the  same  authorities  the  net  income  of  the  whole  v. 
in  operation  in  British  India  was  in  the  year  1879-^0  #5,8:>0,(ii.i».  ^  h 
amounts  within  a  very  small  fraction  to  6  per  cent  of  the  whok*  * 
tal,  including  about  $16,250,000  spent  on  works  not  yet  brought ; 
operation.     If  this  part  of  the  outlay  be  excluded  the  income  is  f« 
to  be  more  than  7  per  cent  on  the  capital  actually  iitiliz^ed.     (.Vcr 
tion  of  the  administrative  reports  of  the  various  provinces  of  I' 
shows  a  total  expenditure  in  the  first  ten  years  of  work  ( 18*17-1  ?^7 
defined  projects  to  have  been  $52,850,000.     Between    1877  and  \ 
the  gross  outlay  was  $285,000,000,  the  grand  total  expjended  ou  > 
work  from  18G7  to  1900  being  $337,850,000.     In  the  year  llKK.i-1'.-'. 
expenditures  on  account  of  irrigation  aggregated  $1I,o(X)/hx»  anl' 
revenues  $12,075,000,  the  profit  earned  on  the  capital  outlay  Ihmul'" 
per  cent. 

The  following  statement  of  the  water  rents  derived  from  tlie  ii^ 
the  Western  Jumna  canal  in  the  Punjab  between  the  years  l^:^'-l 
1850  will  give  a  fair  idea  of  the  rapidity  with  which  the  ineoni** :' 
the  use  of  irrigation  works  increases.     In  1820  the  ^vater  revenu«f 
$420  per  annum;  in  1830  it  was  $28,800;  in  1840  it  was  §112, £H>'. 
the  Eastern  Jumna  canals  in  the  Northwest  Provinces  the  waters 
nue  was  in  1830  $3,000  per  annum.     In  1840  it  was  $29,300  pi^r  aim : 
and  in  1845  it  was  $48,200  per  annum.* 


a  Report  of  the  Indian  Famine  Commission,  Part  2,  London,  1880. 

frSmith,  R.  Baird,  F.  Qc.  8.,  Italian  Irrigation,  London,  li^,  vol.  1,  3l$-3iQ. 
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LAND  AND  CROPS. 


The  following  table  gives  the  area  and  population  of  the  principal 
ovinces  of  India  according  to  the  census  of  1001 : 

Art'a  and  poj)ulation  of  principal  j^roxrinceH  of  India. 


Province. 


Area. 


Population. 


>ngal _ 

tilted  Provinces  and  Oudh. 

mjal)   

sntral  Provinces 

adras 

)inbay 

irma    

:her  provinces 


)tal  British  territory ,  including  Burma,  etc 
)tal  native  States _ 


Grand  total,  India 


Square  milen. 
151,185 

107, 164 

97, 209 

86, 459 

141,726 

123, 064 

236, 738 

143, 704 

1 ,  087, 249 
679, 393 


Density 

per  saiuire 

mile. 


74,744,866  j 
47,691,782  j 
20,330,839  ! 
9,876,646  i 
38,209,436  ! 
18,559,561  I 
10,490,624  ! 
11,996,343 

231,899.597  ' 
62,461,549  ' 


494 
445 
209 
114 
269 
151 


1,766,642       294,361,046 


232 
92 

162 


Of  Hritish-born  inhabitants,  in  181)1  there  were  100,551;  of  agricul- 
irists,  171,735,000,  or  60  per  cent  of  the  whole  i>opulation;  and  of 
lanufacturera,  27,470,000.  The  mortality  in  India  varies  from  21  to 
■>  per  thousand. 

The  following  table  shows  the  areas  cultivated  and  irrigated  in  the 
arious  provinces  during  the  year  1900-1901: 

Area  cultivated  and.  irrigated  in  principal  provinces  of  India, 


Province. 


AcreHcnltivatedJ  Acre«  irrigat€Kl 


engal .   

[adras 

onibay 

orthwest  Provinces 

unjab 

'udh 

'entral  Provinces  . . . 
ind  . . . 


►tbers,  including  Burma 


Total,  including  minor  sub- 
divisions   


51,607,700 
24, 509, 613 
21,000,594 
25,614,892 
24,521,071 

8, 965, 323 
15, 250, 582 

3, 729, 433 
23, 116, 657 


716,271 
6, 579, 284 

1,800,000 
6,000,551 


Net  revenue. 


2, 568, 503 
946, 497 


198  A     :>65 


19, 538, 923 


$13,066,000 

18,854,000 

9,791,000 

15,107,000 

9,561,000 

5,181,000 

2, 908, 000 

3,129,000 

13,286,000 

90, 883, 000 
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Counting  irrigated  areas  cropped  twice,  the  total  acres  irriL^ 
were  32,059,993;  and  counting  areas  of  all  kinds  cropjied  mon^  t 
once,  the  total  area  under  cultivation  was  229,362,381  acres. 

The  following  table  gives  the  areas  under  cultivation  of  the  priu  • 
crops  produced  during  the  same  year: 

Extent  and  cJi-aracter  of  crops. 


Crop. 


Rice 

Wheat . 

Other  food  graiiiH 

Sugarcane 

Cotton .  - - 

Oil  seeds 


Area  under  cal- 
tivation. 


Cfrop. 


Acres. 

70, 093, 373 
20,164,824 
92,566,949 
2, 577, 742 
9, 614, 720 
12, 962, 072 


.i.-r,, 


Tea ♦ 

Indigo I  i^- 

Tohacco 1'*^' 

Total,     incliidinK 
other  crops 2'^.  -^  ' 


Irrigation  works  for  which  accounts  were  kept   paid  7.5  per 
interest  in  1897-98  on  the  capital  outlay.     The  estiniat<Ki  valm- : 
irrigated  crops  in  that  year  was  $150,000,(300. 

It  will  be  observed  from  the  first  table  that  the  i>roportion  ••! 
irrigated  to  the  total  area  under  cultivation  is  very  lar^e,  one-s::^ 
the  whole  being  irrigated.     Since  the  introduction  of  improve*!  ir  . 
tion  works  and  the  great  increase  in  the  area  of  land  brought  '^ 
the  control  of  these  works  the  quantitj^  of  the  more  valuable  food  r: 
and  more  especially  those  which  come  in  direct  competition  with 
eign  countries,  has  greatly  and  rapidly  increased.      The  prodiirti 
cotton  was  largest  in  1806,  at  the  close  of  the  American  civil  war,  '^ 
the  exports  amounted  to  $185,000,000.     Since  then  the  exports  ^f 
product  have  decreased  considerably,  and  now  its  average  i>  '^^ 
increase  and  amounts   to  about  $52, 773, OCX).      Cotton    is  pn^r 
chiefly  in  Guzerat,  the  Deccan,  the  Central  Provinces,  8ind,  ami  1 
bay.     The  yield  is  as  high  as  100  pounds  of  cleaned  cotton  p*  r . 
but  the  staple  is  short  and  the  product  is  not  as  valuable  a?  *i 
the  United  States. 

Another  crop  which  is  being  extensively  exported  in  recent  y* :'" 
w^heat.     It  is  grown  generally  everj- where,  but  does  not  thrivt*  * 
rice  does  nor  south  of  the  Central  Provinces.    The  Punjab  is  tbt*  c ' 
est  wheat-producing  district,  then  the  Northwest  Provinces,  (>»•!' 
and  Bengal  south  of  the  Ganges.     In  the  Central   Province'^  ^ 
occupies  23  per  cent  of  the  cultivated  area,  in  Bombay  and  Sin" 
12  per  cent,  and  all  India  has  an  area  under  wheat  one-third  a?^    ' 
as  has  the  United  States.     The  output  per  acre  is  rather  small 
the  Punjab  it  is  13  bushels  per  acre;  in  other  places  a  trifle  in^  '^ 
less.     Wheat  is  an  autumn  crop  and  is  all  irrigated.      To  th»'  ' 
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net  ion  of  the  great  canals  of  the  Punjab  and  Northern  Provinces  is 
e  the  quality  and  prominence  which  it  possesses, 
liiee  is  an  extensively  cultivated  crop,  but  it  is  limited  to  the  deltas 
the  Orissa,  Godaveri,  and  other  large  rivers  and  to  Bengal;  80  per 
tit  of  the  crops  raised  in  such  regions  is  rice.  Elsewhere  little  is 
L>wn  excepting  in  the  lowlands  along  the  coast.  In  Bengal  the  aver- 
e  yield  per  acre  is  1,200  pounds  of  clean  rice.  Millet  is  more 
ti'iisively  and  generally  grown  than  any  other  crop  excepting  in 
e  special  rice  districts.  A  variety  of  sorghum  called  jowari  and  a 
iked  millet  called  bajra  are  the  most  common  varieties.  They  are 
it  weather  or  spring  crops  and  are  used  somewhat  by  the  natives  for 
od,  but  are  chiefly  used  as  fodder.  Oil  seeds  form  an  important 
op.  These  are  usually  grown  as  a  second  crop  after  rice  and  pulses, 
il  is  extensively  used  in  India  for  lamps  and  for  food.  The  largest 
1-seed  producing  provinces  are  Bengal  and  the  Northwest,  but  these 
ops  are  also  extensively  grown  in  Madras  and  elsewhere. 
All  kinds  of  vegetables  and  fruits  are  produced  everywhere  in  India, 
lese  being  the  chief  food  of  the  natives.  Among  the  more  important 
inds  are  {xotatoes,  which  are  grown  especially  in  the  hills,  maize, 
>matoes,  eggplants,  mangoes,  oranges,  lemons,  melons,  figs,  plantains, 
nd  cocoanuts.  Cocoanut  palms  are  grown  most  abundantly  on  the 
est  coast  lowlands,  and  date  palms  in  Bengal.  The  production  of 
le  oixiinary  spices  is  rather  abundant.  They  are  mostly,  however, 
jrhome  consumption,  for  use  in  curries,  etc.,  as  tumeric,  chile,  chic- 
ry,  coriander,  and  others.  Sugar  cane  is  very  extensively  cultivated 
broughout  India,  especially  in  the  Northwest  Provinces,  and  in  Bom- 
ay,  but  it  is  an  expensive  crop  to  produce,  both  because  of  the  time 
equired  to  mature  it  and  the  amount  of  water  necessary  to  irrigate 
t.  The  varieties  of  sugar  cane  produced  in  India  are  not  equal  to 
hose  produced  in  America  and  in  the  West  Indies,  the  proportion  of 
accharine  matter  being  comparatively  low. 

Jute  is  a  plant  almost  exclusively  produced  in  India  and  very  exten- 
ively  exported.  It  is  chiefly  grown  in  northern  and  eastern  Bengal, 
ndigo  is  extensively  grown  in  the  Northwest  Provinces,  Punjab  and 
iladras,  chiefly  by  the  natives.  It  is  most  extensively  produced,  how- 
ever, in  Behar  by  P^nglish  capitalists.  The  expense  of  making  the 
lye  from  the  plant  is  such  that  the  natives  are  seldom  able  to  culti- 
rate  and  manufacture  it;  hence  the  factories  are  usually  under  the 
*ontrol  of  British  capital.  Poppy  for  the  production  of  opium  is 
^rown  extensively  in  the  Ganges  Valley  near  Patna  and  Benares,  and 
n  central  India.  Its  cultivation  requires  much  care  and  attention 
md  is  usually  an  indication  of  intelligence  and  prosperity  on  the 
part  of  the  cultivators.  Tobacco  is  generalh'  grown  in  small  quanti- 
ties everywhere  in  India.  The  best  is  produced  in  Madras,  whence 
the  variety  known  as  Trichinopoly  is  extensively  exported.  Coffee  is 
produced  in  small  quantities  in  southern  India  only.     Tea  is  exten- 
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sively  cultivated  in  Assam,  where  it  is  indigenous,  but  it  isalsi»ri.- 
about  Darjeeling  in  the  foothills  of  the  Himalayas.      It  is  an  e>> 
sive  crop  to  prepare  for  market  and  is  cultivat<?d  chiefly  by  Eu^>Y•^  _ 
Its  quality  is  constantly  being  improved  and  the  amount  eip-jru    • 
annually  increasing. 

The  advantage  of  using  manure  is  apparently  well  understo-l.  ^ 
if  not  extensively  used  it  is  because  of  the  limited  means  of  th«^  r 
vators.     The  rotation  of  crops  is  not  generally  pra4?ticed,  sino  "'^  . 
to  the  extensive  use  of  water  for  irrigation  it  does  not  seem  to  \^  - 
necessary.     The  soil  throughout  India  differs  essentially  in  dif»- 
localities;  it  is  generally  very  fertile  on  the  great   Gangetan  P. 
while  the  black  cotton  soil  of  the  Deccan  is  perhaps  the  most  f' .' 
in  the  world. 

The  kharif  or  wet- weather  crop  is  matured  chiefly  by  the  rdin- 
the  summer  monsoon.     It  is  sown  as  soon  as  the  spring  rainfall  *iL  ^ 
of  the  plowing  of  the  land,  and  it  is  reaped  in  September  or  Oct" » 
The  rabi  or  autumn  crop  is  the  dry-weather  crop  and  require^  ' 
largest  amount  of  artificial  watering  for  its  cultivation.     It  is  si'>wt. 
October  and  is  reaped  in  March  or  April.     The  princii>al  crops  i : 
duced  during  the  wet  season  are  rice,  cotton,  sugar  cane,  etc.    D'^'  . 
the  autumn  season  the  more  hardy  grains  are  i^rodue^d,  especiall) 
food  grains,  such  as  wheat,  barley,  etc.     The  millet  and  fodder  tr* 
are  chiefly  sown  in  the  higher  lands  and  depend  for  the  moe^t  \w' 
natural  rainfall,  as  their  requirements  in  the  way  of  w^ater  are  u**u. 
less  than  those  of  other  crops. 
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TOPOGRAPHY  AND  GEOLOGY. 

India  includes  within  its  borders  the  highest  mountains  in  the  world 
^nd  some  of  the  mightiest  rivers  and  greatest  plains.  Topographically 
t  may  be  divided  into  three  distinct  parts,  each  x)os8essing  different 
opographic  features.  First,  the  Himalayas,  which  form  a  great 
noun  tain  barrier  on  the  north  and  shut  out  the  rest  of  Asia,  forming 
L  controlling  factor  in  the  climate  and  physical  geography  of  India; 
second,  the  plains  of  the  great  rivers  issuing  from  the  Himalayas,  the 
ndus  and  Ganges  plains;  and  third,  south  of  these  plains  a  high, 
;t(»ep-sided  table-land  supported  by  the  Vindhaya  Mountains  on  the 
lorth  and  by  the  western  and  eastern  Ghauts  on  either  side  of  the 
)einnsula.  This  gi*eat  interior  table-land  is  broken  by  manj'^  peaks 
iiid  mountain  ranges  separated  by  broad  anjd  fertile  valleys. 

The  Ilimala^^as  take  their  name  from  an  Indian  word  which  means 
it**rally  *' dwelling  place  of  snow,"  and  consist  of  a  great  mountain 
•an,u:e  1,500  miles  long,  the  general  trend  being  from  northwest  to 
southeast.  This  mountain  range  may  be  likened  to  the  Sierra  Nevada, 
t)<)rdering  the  eastern  side  of  the  great  California  Valley.  Approached 
from  the  southern  or  plains  side  there  is  the  same  general  api)earance 
)f  low,  rolling  foothills,  the  higher  peaks  being  so  far  back  from  the 
Hlge  of  the  valley  as  to  be  scarcely  discernible.  This  mountain  range 
:)r  aggregation  of  mountain  ranges  is  also  similar  to  the  Sierras  in  its 
.composite  formation.  On  top  and  behind  it  is  a  high  arid  plateau 
which  corresponds  to  the  Nevada  desert. 

The  highest  peak  in  the  Himalayas  is  Mount  Everest,  29,002  feet 
fibove  the  sea,  while  peaks  above  20,000  feet  elevation  abound  in  all 
parts  of  the  range.  There  are  numerous  well-traveled  trails  leading 
from  India  through  Kashmir  and  Nepal  into  Tibet  and  China,  and 
t':ie  passes  on  these  are  from  16,000  to  19,000  feet  high,  and  for  several 
(lays  the  traveler  remains  above  16,000  feet  in  altitude.  Only  one 
pass  is  as  low  as  16,400  feet. 

The  Indus  River  rises  well  north  of  the  first  great  range  of  the 
Himalayas  and  drains  nearly  half  of  their  northern  slope,  and  after 
flowing  around  the  western  extremity  of  the  range  it  turns  and  flows 
southwardly,  being  joined  by  various  tributaries  which  drain  the  south- 
ern and  western  slope.     Its  main  drainage  area  is  situated  at  a  great 
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altitude  Among  the  glaciers  of  the  Himalayas.     Its  drainage  ba>ii 
the  Himalayas  alone  is  about  32,550  square  miles  in  area,  whilt*  - 
its  affluents  the  whole  basin  drains  311,600  square  miles.     Thi>  ::• 
with  its  branches,  affords  the  chief  source  of  water  supply  and  dr^ 
age  to  the  provinces  of  Pun^'ab  and  Bind. 

The  northeastern  slope  of  the  Himalayas  is  drained  by  the  BmV. 
putra  River,  which,  like  the  Indus,  rises  north  of  the  inoantains,  •!::. 
ing  about  one-half  of  their  northern  slope,  and  after  breaking  thn> 
the  Himalaya  Range  it  flows  westwardly  through  the  valley  of  A^^ 
to  its  junction  with  the  Ganges  River,  100  miles  from  the  sea.  T 
drainage  basin  of  the  Brahmaputra  north  of  the  Himalayas  is  a- 
95,000  square  miles  in  area.  Like  the  Indus,  its  upper  basin  i>  ^ 
great  altitude.  As  yet  its  waters  are  but  little  used  for  irrigati«»T: 
the  country  through  which  it  flows  generally  receives  a  fair  rain: 
The  average  elevation  of  the  Indian  watershed  between  the  headwa' 
of  the  Brahmaputra  and  Indus  rivers  is  above  18,(HH)  feet  in  alti*  '• 

The  Ganges  River  and  its  tributaries  drain  the  larger  portion  ii 
southern  slope  of  the  Himalayas.     The  catchment  area  above  an  • 
vation  of  1,000  feet  is  very  small  relatively  to  that  of  the  Indn> . 
Brahmaputra,  while  the  total  catchment  area  is  414r,C)C)0  square  i^ 
This  river  flows  eastward  through  the  great  plains  of  the  Nortiiv 
Provinces  and  Bengal  to  its  junction  with  the  Brahmaputra,  wh- 
it flows  southward  to  the  Bay  of  Bengal.     The  southwestern  sl«»i* 
the  Himalayas,  in  the  province  of  Punjab  (which  name  means  '*" 
Five  Waters"),  is  drained  by  the  main  five  tributaries  of  the  Ii.' 
viz,  the  Sutlej,  Ravi,  Chenab,  Jhelam,  and  Indus  rivers,  all  of  ^1 
join  below  Mooltan,  whence  they  flow  southward  to  the  Arabian  n 
All  these  rivers  are  extensively  used  in  irrigation. 

The  southern  foothill  ranges  of  the  Himalayas  north  of  the  F^i . 
and  the  Northwest  Provinces  are  from  3,000  to  4,000  feet  high,  aii«i 
called  the  Sewaliks.     Between  the  Sewalik  Hills  and  the  sul>-H  ' 
layas  is  a  disconnected  line  of  valleys  from  2,000  to  2,500  feet  in  . 
tude.     These  valleys  are  called  the  Duns.     The  sub-Himalayas, '' 
form  a  higher  range  or  belt  of  hills  north  of  the  Duns  and  Ixtv*' 
them  and  the  main  range,  are  from  15  to  50  miles  in  width  north  . 
south,  and  are  sometimes  separated  by  several  successive  dun 
valleys.     These  latter  are  artificially  drained  and  cultivated  in  i^^ 
and  are  very  fertile.     In  the  sub-Himalayas  are  the  mountain  n-^ 
of  the  various  provincial  governments  of  India,  at  altitudes  van 
between  7,000  and  8,000  feet.     In  a  portion  of  the  northern  or  ihin. 
tan  Plain  to  the  east  of  the  Ganges  is  a  broad  belt  from  10  to  l"*  n ' 
wide.     It  is  a  broad,  grassy  tract,  traversed  by  sluggish  streams,  »* 
extensive  morasses  and  marshes,  and  is  called  the  Tarai. 

The  great  northern  plain  stretches  with  an  unbroken  surface  a. 
the  foot  of  the  Himalayas  from  the  upper' Indus  in  I*unjab  :«• 
Ganges  delta  near  Calcutta  and  in  a  wide  valley  alon^  the  Bnil't 
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bra  called  Assam.  Its  area  is  about  500,000  square  miles,  and  it  is 
where  above  1,000  feet  in  elevation  and  appears  to  be  perfectly  flat, 
e  northern,  central,  and  eastern  portions  are  well  watered  by  rivers 
ring  their  sources  in  the  Himalayas  or  in  the  Ghauts.  Assam  has 
periodical  rainfall,  and  the  whole  of  this  northern  plain  forms  the 
it  cultivated,  the  richest,  the  most  populous,  and  the  most  civilized 
trict  of  India.  This  plain  receives  the  water  of  four  great  river 
jtems — that  of  the  Indus,  of  the  Brahmaputra,  and  the  combined 
nges,  Jumna,  Sutlej,  etc.,  draining  the  southern  Himalaya  slopes, 
d  the  Betwa,  Chumbul,  and  Soane,  draining  the  Vindhaya  Moun- 
ns  and  northern  Ghauts. 

The  third  great  topographic  division  of  India  is  the  table-land 
fore  alluded  to,  generally  called  the  Deccan,  and  includes  the 
ntral  Provinces,  Hyderabad,  Bombay,  Madpas,  and  Mysore  The 
?hest  peaks  of  the  northern  Deccan  are  Mount  Aboo,  5,650  feet 
^h,  on  the  west  and  Mount  Parasnath,  4,450  feet  high,  on  the  east, 
lile  the  hills  generally  vary  from  1,500  to  4,000  feet  in  altitude  and 
nsist  of  ridges  separated  by  broad,  high  plains  and  masses  of  forest. 
The  eastern  and  western  Ghauts  are  great,  irregular  ranges  of  moun- 
ins,  extending  the  whole  length  of  the  eastern  and  western  coasts, 
le  eastern  Ghauts  average  1,500  feet  in  elevation;  the  western 
lauts  ascend  sharply  from  the  sea  to  an  average  elevation  of  2,000 
et,  with  peaks  varying  from  6,000  to  8,700  feet  in  height.  The 
jstern  slope  of  this  range  is  extremely  rugged,  having  much  the 
►pearance  of  the  mesa  edges  in  the  western  United  States.  The 
stern  Ghauts  are  a  series  of  broken  spurs,  not  continuous  like  the 
3stern  Ghauts,  and  afford  easy  access  to  the  interior.  The  inner 
ateau  between  these  mountain  ranges  is  from  1,000  to  3,000  feet  in 
evation,  dotted  with  peaks  and  ranges  over  4,000  feet  in  elevation, 
id  it  is  approached  through  the  western  Ghauts  by  only  a  few  diffi- 
ilt  passes.  The  general  appearance  of  this  country  is  very  similar 
that  of  northern  New  Mexico  and  Arizona  and  of  southern  Utah. 
The  western  Ghauts  form  the  watershed  of  the  central  plateau, 
nly  short  streams  flow  from  them  into  the  Indian  Ocean,  the  main 
■ainage  making  its  way  eastward  across  the  central  plateau,  break- 
g  through  the  eastern  Ghauts  and  emptying  into  the  Bay  of  Bengal, 
lie  chief  rivers,  viz,  the  Godaveri,  Cauveri,  and  Kistna,  rise  in  the 
estern  Ghauts;  their  deltas  in  Madras  form  extensive  and  fertile 
lains,  which  their  waters  irrigate.  The  chief  population  of  this  cen- 
al  region  is  on  the  eastern  slope,  and  here  in'igation  is  extensively 
pacticed,  not  only  from  great  rivers  in  their  lower  or  coast  levels, 
ut  also  by  means  of  storage  in  the  western  portions  of  Madras, 
Mysore,  and  in  Bombay.  Of  the  important  rivers  of  this  region  the 
rainage  basin  of  the  Godaveri  is  119,000  square  miles;  that  of  the 
astna  is  59,500  square  miles,  and  that  of  the  Cauveri  30,300  square 
liles  in  area. 
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The  flood  discharges  of  the  various  great  Indian  rivers  are  ennm 
The  Indus  above  Sakkar  discharges  as  high  as  380,(MK)  s*^c<it./ 
whicli  is  equivalent  to  15  second-feet  per  square  mile  of  cat«  ir/ 
The  Gauges  in  flood  may  discharge  1,350,000  second-feet,  wh 
a  little  less  than  5  second-feet  per  square  mile   of  catohmtr/; 
Godaveri  discharges  in  great  floods  1,350,000  second-feet,  or  11  >^ 
feet  per  square  mile ;  the  Kistna  a  little  less  than  1,2C)0,00<.»  secou'i : 
and  so  small  a  stream  as  the  Soane,  rising  in  the  Vindhajas.  ^ 
catchment  area  of  about  34,000  square   miles,   discharges  1." 
second-feet,  equivalent  to  50  second-feet  per  square  mile  of  cat 
One  river  in  southern  India,  the  Gadanamathi,  having  a  eatWi 
of  only  29  square  miles,  discharges  in  flood  28,(X)0  second-fe«*t,  • 
second-feet  per  square  mile,  and  other  rivers  dischai-ge  nearly  ;i> 
relative  amounts. 

The  following  table,  giving  some  details  of  discharges,  et<\.^i 
ous  large  rivers  near  their  mouths,  is  taken  from  He yv^ood  :^ 

Discharges  of  large  Indian  rivers. 
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The  geology  of  India  varies  with  the  topography.  The  i^na:  w 
erri  plain  is  an  alluvial  deposit,  on  the  surface  of  which  not  a  i- 
can  be  found  excepting  near  the  foot  of  the  hills.  It  jmi 
belongs  to  the  post-Tertiary,  judging  from  a  few  fossil  niar.  ■ 
fishes,  and  crocodiles  which  have  been  found,  and  is  probiil*^ 
result  of  delta  deposits.  The  Sewalik  Hills  also  belou«^  t*-  ^ 
geologic  times  and  are  composed  of  micaceous  sandstones.  ^ 
spersed  with  bits  of  clay  and  marl,  their  age  being  Miocene  i»r  1 
cene.     The  sub-Himalayas  belong  to  the  Tertiarj^  epoch  and  ar 
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irine  orig^in,  composed  chiefly  of  sandstx)nes,  argillaceous  shales, 
lists,  and  limestones.  The  main  range  of  the  Himalayas  is  com- 
sed  chiefly  of  schistose  rocks,  mica-schists,  and  gneiss,  and  some 
^nite  and  limestone. 

[n  the  Deccan  the  oldest  rocks  consist  of  gneiss,  which  is  found  in 
•^e  portions  of  Bengal  and  Madras  and  is  pre-Silurian.  The  great 
iss  of  the  central  plateau,  perhaps  200,000  miles  in  area,  consists  of 
lat  is  known  as  Deccan  trap,  which  forms  the  most  striking  phys- 
il  feature  of  the  landscape.  Most  of  the  great  ranges  of  mountains, 
th  their  rugged  outlines  and  the  square  buttes  or  ghauts  and  mesas, 
e  the  denuded  edges  of  basaltic  flows.  It  is  from  these  jagged  or 
?p-like  ranges  that  they  receive  their  name  of  ghauts,  which  means 
stops."  The  soil  is  largel}'^  composed  of  disintegrated  later ite,  a 
rruginous  and  argillaceous  rock  occurring  over  the  trap  but  also 
und  elsewhere.  High-level  laterite  is  usually  a  result  of  the  decom- 
►sition  of  trap,  and  the  soil  of  much  of  the  central  plateau  which  it 
rms  is  very  poor  in  quality.  Low-level  laterite  is  more  sandy,  often 
•ntaining  gravel,  and  forms  most  of  the  better  soil  fringing  the  coast. 

METEOROLOGY. 

The  rainfall  in  India  is  exclusively  from  the  evaporation  of  the 
idian  (^cean  and  the  two  bays  which  surround  the  peninsula.  The 
stribution  of  rainfall  is  extremely  variable,  ranging  from  a  couple 
'  inches  per  annum  in  portions  of  the  Sind  to  over  600  inches  in  a 
inited  area  in  Assam.  By  far  the  greater  part  of  the  rainfall  is 
rought  direct  from  the  ocean  between  the  months  of  June  and  Octo- 
3r  by  the  regular  periodical  wind  known  as  the  summer  monsoon. 
1  upper  India  the  cessation  of  the  summer  rains  is  followed  by  a 
ipid  fall  of  temperature  under  a  perfectly  clear  and  cloudless  sky. 

cool  and  dry  current  sets  in  from  the  northwest,  down  the  Ganges 
alley  toward  Bengal  and  from  the  north  across  the  northern  Deccan, 
)uth  of  which  it  turns  and  sets  toward  the  Bombay  coast.  The  pla- 
'au  of  Hyderabad,  3Iadras,  and  Mysore  receives  a  small  amount  of 
lin  in  C)ctol>er  and  even  later.  In  lower  Bengal  and  on  the  coast  a 
5w  in(»hes  of  rain  are  expected  in  October  and  are  of  importance  to 
le  late  summer  crops  and  in  sowing  or  germinating  cold-weather  or 
utumn  crops.  The  latter  part  of  October  and  November  and  the 
irlier  portion  of  winter  in  northern  India  are  generally  rainless.  The 
iW  winter  rains,  which  are  small  in  amount  and  are  regular  only  in 
Pix^r  India,  rarely  set  in  much  before  January. 

With  regard  to  this  periodic  distribution  the  rainfall  in  different 
arts  of  India  maybe  summarized  thus:  From  June  to  September 
aiu  falls  more  or  less  heavily  throughout  the  entire^  area,  (vxcept  ing 
ipon  the  dry  plains  of  the  Sind,  where  it  is  extremely  rare  and  some- 
lines  falls  altogether.  In  a  portion  of  the  Punjab  and  in  the  Carnatie 
he  summer  rain  is  restricted  to  occasional  showers.     In  October,  when 
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the  rains  have  ceased  in  upper  India,  Bengal,  etc. ,  the  heavy  ram- 
Madras  set  in  and  continue  until  the  middle  or  end  of  DecvK  - 
About  this  time  begin  the  light  rains  of  upper  Iiulia,  which  are  ^r 
rienced  in  the  Northwest  Provinces  and  fall  at  intervals  to  the  ♦^n-. 
March,  after  which  the  dry  season  continues  till  the  end  of  Jun^" 
beginning  of  the  monsoon.  In  lower  Bengal  and  in  Assam  tht-  :.»- 
become  more  frequent  from  January  on,  and  are  chiefly  afTtr-j- 
storms.  On  the  coast  of  Malabar  they  are  earlier  than  in  Rmi^ 
In  Madras  occasional  showers  are  expected  after  Februarj%  bu! 
steady  rain  begins  only  in  October. 

In  the  Ganges  delta  the  mean  annual  precipitation  is  from  '^t" 
inches.     On  the  great  plain,  including  the  Northwest   Provintv>. 
averages  40  inches,  and  at  the  summit  of  the  great  plain  west  of  TV 
it  varies  from  25  to  30  inches  per  annum.     At  the  mountain  >tii*  : 
in  the  sub-Himalayas  the  annual  precipitation  ranges  from  1h»  to  .. 
inches.     Farther  in  the  Himalayas,  at  an  elevation  of  10,(.M>>ft-t-* 
above,  the  rainfall  is  only  10  or  20  inches,  while  the  snowfall  may 
6  to  8  feet  or  more.     There  is  a  difference  of  from    10  to  15  in- 
between  the  precipitation  over  the  southern  and  northern  porti  •> 
the  Gangetan  Plain.     In  the  Punjab  the  highest  average  pret*ipira* 
is  in  the  sub-Himalayas,  where  it  is  68  inches  per  annum.     At  %* 
tan  it  is  but  7  inches  per  annum,  which  is  a  low  average,  and  at  1' 
Ismail  Khan  the  annual  precipitation  is  8.2  inches  per  annum,  ii»-. 
the  average  of  the  Punjab.     In  central  India  the  annual  precipit.i: 
in  the  lower  lands  varies  between  20  inches  at  Jeypur  and  32  iL« : 
at  Khundwa,  while  the  minimum  in  the  mountains,  such  as  M«' 
Aboo,  is  (>1  inches. 

In  the  Northwest  Provinces  the  general  average  is  26.5  ineb'> 
Muthra  or  Agra,  while  Aligarh  has  a  minimum  of  24  inches.     In  B**t  . 
the  maximum  average  on  the  coast  is  105  inches,  and  the  minir. 
average  on  the  plains  at  Patna  is  38  inches.     In  Assam  at  Chars  P* 
the  maximum  average  of  the  world  is  reached  in  an  annual  preeipii-a* 
of  3()8  inches,  while  in  the  same  place  in  1861  30  inches  fell  in  tvf. 
four  hours  and  805  inches  fell  during  that  year.      In  Bombay  ir. : 
western  Ghauts  the  maximum  average  is  250  inches,  and  the  mini!, 
average  in  the  lowlands  at  Duhlia  is  17  inches.     The  general  avt-'  • 
of  Bombay  is  67  inches.     In  the  Sind  the  maximum   average  <»* 
inches  is  at  Negar,  and  the  minimum  average,  4.3  inches,  at  Ja^ 
bad.     In  Madras  the  highest  annual  precipitation  is  132  inch'- 
Manalore  and  Calicut;  the  lowest  at  Belary  and  Tutieorin  is  fn>r. 
to  18  inches,  the  average  of  Madras  being  44  inches. 

The  following  average  annual  temperatures  at  different  poin^- 
India  indicate  the  tropical  character  of  the  climate  and  the  smal!  \^ 
centage  of  cold  weather  which  prevails.     At  Trichinopoli  and  Ma«i' 
on  the  southeast  coast,  the  annual  averages  are  82.8°  and  82. 4"^,  r***-** 
tively.     On  the  southwest  coast,  at  Goa  and  Cochin,  the  annual  a> 
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e  temperature  is  nearly  80°;  at  Calcutta  it  is  79.2°,  and  at  Bombay 
.8°,  the  latter  city  being  the  coolest  of  the  three  presidency  towns. 
:  the  hill  station  of  Simla,  at  an  elevation  of  7,100  feet,  the  average 
nual  temperature  is  54.4°.  The  highest  monthly  temperature  occurs 
Mooltan  in  June,  and  is  95°;  at  Delhi  it  is  94.3°.  The  lowest 
antlilj'^  temperature  is  at  the  high  hill  stations,  being  at  Simla  39.6° 
January. 

FORESTRY. 

In  recent  years  the  British  Indian  government  has  paid  much  atten- 
>n  to  the  preservation  of  its  forests,  and  is  now  reaping  the  l)enefit 

the  large  income  derived  from  the  sale  of  timber. 
The  establishment  of  the  government  department  of  forestry  is  of 
cent  dat^,  brought  about  by  the  destruction  of  forests  for  fuel,  for 
larcoal,  and  other  wasteful  causes.  In  1844  and  1847  the  subject 
as  first  taken  up  by  the  governors  of  Bombay  and  Madras.  In  1864 
r.  Brandis  was  appointed  inspector-general  of  forestry,  and  in  1867 
le  regular  training  of  forestry  officers  was  commenced  at  the  schools 
:  France  and  German^',  where  it  is  still  continued.  At  present  dis- 
•iminate  timber  cutting  is  allowed,  but  the  burning  of  hill  brush  is 
fOpped;  the  forest  areas  are  surveyed  and  demarked,  plantations  laid 
Lit  and  maintained,  and  forestry  conservation  otherwise  carried  on. 

Forests  are  classified  as  reserved  and  open.  The  former  are  the 
nmediate  property  of  the  State  and  are  managed  by  the  forestry 
epartment,  their  development  being  a  source  of  wealth.  Cattle  are 
xcluded  from  them,  destructive  crops  and  undergrowth  destroyed, 
nd  the  cutting  of  timber  is  strictly  regulated.  The  open  forests  are 
iss  carefully  guarded,  but  certain  kinds  of  titnber  trees  are  protected, 
.arge  amounts  of  money  are  annually  spent  in  the  plantations,  and 
wherever  needful  young  trees  are  planted  to  replace  those  removed, 
a  1878  there  were  12,000,000  acres  of  reserved  forests.  The  revenue 
r-as  $3,320,000  and  the  expenditures  $2,000,000,  showing  a  fair  net 
rofit.  Ten  years  later,  in  1888,  there  were  43,520,000  acres  of  State 
orest  land,  the  net  revenue  after  deducting  all  working  expenses 
>eing  $2,020,000. 

The  British  officials  generally  hold  that  the  effect  of  forest  denuda- 
ion  on  rainfall  is  doubtful  and  much  disputed.  Contrary  to  what 
night  have  been  expected,  there  is  no  evidence  to  show  whether  the 
ctual  rainfall  has  decreased  or  increased  in  consequence.  They  all 
igree,  however,  that  forest  destruction  has  acted  injuriously  by  let- 
ing  flood  waters  run  off  too  rapidly  and  that  these  waters  are  lost. 
They  also  do  much  damage  as  floods.  Three-quarters  of  a  century 
tgo  immense  tracts  of  southern  India  were  overspread  with  jungle 
ind  the  slopes  of  the  Ghauts  were  universally  timber  clad.  Most  of 
he  level  woodland  has  since  been  cleared  for  cultivation  and  the 
timber  cut  down  for  fuel.     But  another  and  scarcely  less  evil  has 
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resulted.     Formerly  the  water  was  partially  protected  from  eva:» 
tioii  by  the  sheltering  trees.    Its  flow  on  the  surface  i?ras  mechaL' 
reduced  by  the  jungle  grass   and  tree  trunks;   it    had   time  * 
absorbed  by  the  vegetable  mold  and  to  sink  into  the  earth,  tli* : 
insuring  the  permanence  of  the  natural  springs.      Not  till  \\\.- 
done  did  the  residue  find  its  way  to  the  rivers,  and.  then  at  a  e*'': ; 
atively  tardy  pace.     Now,  however,  as  a  rule  the  rivers  are  inT/ 
flood  for  about  as  many  days  as  they  used  to  be  for  weeks  in  mi"!- 
flood." 
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CHAPTER  III. 

HISTORY  AND  ADMINISTRATION. 

HISTORY  OF  IRRIGATION  WORKS. 

Among  the  first  mention  made  of  the  irrigation  works  of  India  are 
[)so  of  Arab  historians  of  the  works  constructed  by  the  early  Mo- 
nun  edan  emperors  in  the  Northwest  Provinces  and  in  the  Punjab, 
lall  works,  especially  tanks,  probably  existed  at  much  earlier  dates 
southern  India. 

It  is  related  that  about  1351  A.  D.  the  Emperor  Feroze  Toghlak 
ilt  50  dams  across  rivers  for  the  promotion  of  irrigation  and  30 
Hervoirs  for  irrigation  purposes.  The  first  important  canal  specific- 
ly  mentioned  was  built  by  the  same  emperor,  and  was  taken  from 
e  Chouting  River  to  Ilansi  and  Hissar.  Fifty  years  later  this  canal 
came  partly  disused  after  the  emperor's  death.  The  next  important 
en  I  ion  of  irrigation  work  is  that  the  great  Emperor  Akbarconstruct/ed, 
l')<57,  a  canal  from  the  river  Jumna.  It  is  stated  that  this  canal 
is  constructed  by  the  aid  of  forced  labor,  but  the  laborers  had  privi- 
ires  thereafter  of  using  the  water,  and  the  superintendent  saw  that 
I  paities,  rich  and  poor  alike,  received  their  share.  This  was  the 
st  Western  Jumna  canal.  In  1626  the  Shah  Jelian  had  the  cele- 
ated  architect,  Ali  Murdan  Khan,  construct  the  Delhi  Canal,  which 
Hows  much  the  same  line  as  does  the  present  Western  Jumna.  At 
"St  this  canal  was  constructed  on  a  high  bank  following  the  water 
'\irses,  but  the  banks  burst  and  the  canal  became  inoperative.  The 
ohiteet  then  ran  a  new  line  as  far  as  Delhi,  following  the  water- 
led.  On  this  canal  an  escape  was  introduced  for  the  discharge  of 
irplus  water.  It  had  one  channel  60  feet  in  depth  cut  through  solid 
tck.  About  1753  these  ancient  Mogul  canals  ceased  to  exist,  owing 
'  the  decline  of  the  Mogul  power  and  to  the  constant  wars,  which  at 
lat  time  prevented  their  being  kept  up. 

The  P^astem  Jumna  Canal  was  also  begun  by  Ali  Murdan  Khan  and 
Mided  at  the  foot  of  the  sub-Himalayas.  This  canal  reached  to  Sahar- 
ipur  and  beyond.  It  was  abandoned  after  the  first  season,  owing  to 
8  bad  alignment,  as  it  was  constructed  in  the  lower  drainage  lines 
tid  bottoms.  In  1780  Zabita  Khan  reopened  this  canal,  but  it  was 
irried  away  during  the  first  season  and  was  then  abandoned. 
The  first  of  the  modem  irrigation  works  of  magnitude  was  com- 
lenced  under  the  Marquis  of  Hastings  in  1817,  when  Lieutenant 
•laine  established  the  head  of  supply  of  the  Western  Jumna  canal  at 
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a  point  high  up  on  that  river.     This  work  was  practically  a  resU'n; 
of  tlie  old  Mogul  canal,  following  and  using  the  lo^^  lines  of  dra: 
to  Delhi.     No  bridges  were  constructed  and  only  earth  embankiL-: 
were  used.     The  new  development  of  these  canals  is  due  to  i\A.  '- 
M.  Colvin,  who  in  18:^0  extended  the  above  project  beyond  Delbi 
constructed  many  bridges  and  drainage  works.     Ten  years  kr*- 
earth  banks  across  the  drainages  of  Patrala  Sombe  ^'ere  repki> 
masonry  dams. 

The  line  of  the  Eastern  Jumna  canal  was  surveyed  in  1S±2  byl 
tenant  Debude,  and  the  canal  was  opened  in  1830.  The  ancieu* 
was  cleared  to  a  depth  of  4  feet  below  the  surface  level  andin^'tL 
a  new  alignment  was  made  which  was  fairly  good.,  following  u, 
highest  divide  or  waterahed.  Owing  to  the  steepness  of  fall  z^^- 
first  the  levels  retrograded  and  nearly  destroyed  the  canal.  01 
Cautley  rectified  this  by  the  introduction  of  falls,  and  in  184<i  he ::  * 
diiced  l)etter  works  for  the  passage  of  side  drainage. 

Up  to  this  time  the  irrigation  works  of  India  had   been  cou^tn 
chiefly  by  the  East  India  Company.     In  1858  the  Government  i::^ 
the  Madras  Irrigation  Company  and  £ast  India  Irrigation  Comp 
per  cent  on  the  capital  invested,  and  these  companies  eommem-^! 
construction  of  works,  the  Government  retaining  considerable- 
mand  over  their  operations,  inspecting  the  plans  and  sanctionin. 
expenditures.    Both  of  these  experiments  proved  costly  failuiv>  • 
State,  and  in  1867  the  Government  purchased  the  works  of  the  I 
India  Irrigation  Company  when  the  latter  was  practically  bank^ 
The  Madras  Irrigation  Company  has  succeeded  only  one  year  ic  : 
ing  working  expenses,  but  still  carries  on  work  under  Govern . 
guaranty. 

In  1807  the  Government  decided  to  construct  its  own  irrlni 
works  and  great  activity  prevailed  at  once,  the  Government  irrig  ^ 
force  being  largely  increased.     In  1869  schemes  for  ten  ye^irs'  * 
involving  $150,000,000  expenditures,  were  outlined,  and  the  foll"^ 
sums  were  expended:  In  1867, 11,096,000;  in  1868,  $2,344,250;  in  > 
$10,040,000,  and  so  on.     The  total  expenditures  for  the  first  Xeuy 
actually  amounted  to  $52,850,000.     Since  then  the  GovernmeRt  v^- 
have  generally  proved  satisfactory  investments,  and  as  they  ha^' 
tainly  added  to  the  wealth  and  prosperity  of  the  country  an«l 
mitigated  the  severity  of  famines,  large  sums  have  been  anr 
appropriated  for  the  maintenance  of  existing  works  and  the  cou^' 
tion  of  new  ones. 

ADMINISTRATION  AND  LEGISLATION. 

The  administration  of  the  irrigation  works  of  India  is  conduc*' 
the  public  works  department,  and  the  engineers  are  all  civil  stT^ 
in  the  employ  of  the  British  Government.  Their  status  is  fi\' 
law,  their  promotions  are  usually  by  seniority,  as  in  the  army  and  i^ 
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i,  like  the  members  of  those  branches  of  the  governmental  service, 
y  receive  stated  salaries,  according  to  the  grades  they  occupy, 
ey  are  entitled  to  leaves  of  absence  and  furloughs,  and  are  retired 
h  pensions  after  certain  periods  of  service. 

ly  parliamentary  act  of  August  2,  1858,  all  the  territory  of  India 
s  vested  in  Her  Majesty  the  Queen.  All  tributes  and  payments 
5  received  and  disposed  of  in  her  name.  In  the  British  cabinet  the 
retary  of  state  for  India  was  vested  with  the  powers  previously 
d  by  the  board  of  control  under  the  old  East  India  Company  regime, 
i  later  on,  by  act  of  January  1, 1877,  at  Delhi,  India,  Her  Majesty 
iumed  the  title  of  Empress  of  India. 

The  executive  authority  of  India  is  vested  in  a  governor-general 
led  the  viceroy,  who  is  appointed  by  the  Crown  and  acts  under 
lera  of  the  secretary  of  state  for  India.  He  is  empowered  in  council 
make  laws  for  all  persons,  whether  British  or  native  subjects,  for- 
:n  or  otherwise.  The  governor-general  has  a  council  of  seven  mem- 
rs,  whom  he  consults  in  the  formulation  of  all  laws. 
;)f  the  larger  presidencies  the  governors  of  Bombay  (including  Sind) 
d  of  Madras  are  separately  appointed  by  the  Crown,  and  have  each 
3ir  own  council  and  civil  service,  and  in  all  orders  they  directly 
dress  the  secretary  of  state.  Bengal  and  the  Northwest  Provinces 
ve  lieutenant-governors  and  a  legislative  council,  but  these  officers 
i  appointed  by  the  governor-general  of  India.  The  other  minor 
;)vinces  have  lieutenant-governors  or  commissioner  magistrates,  but 
councils  or  legislative  powers.  Each  province  is  divided  into  dis- 
cts,  at  the  head  of  which  is  a  deputy  commissioner.  Below  this 
icer  is  a  commissioner  and  joint  magistrate,  a  deputy  collector,  and 
nor  officers. 

India  Ls  divided  into  British  territory  and  the  native  states.  The 
pmer  is  governed  as  above  described,  the  latter  by  native  princes, 
th  the  help  and  advice  of  a  resident  at  his  court  who  is  called  a 
litical  agent  and  whose  duties  are  purely  diplomatic.  The  highest 
[id  officer  in  nonregulation  provinces,  as  the  Central  Provinces  or  the 
in  jab,  is  a  deputy  commissioner.  This  officer  collects  revenues  and 
ministers  civil  justice.  He  is  the  unit  of  administration,  the  sole 
sponsible  head  of  his  jurisdiction,  and  on  his  energy  and  character 
rgely  rests  the  efficiency  of  the  Indian  government.  In  India  there 
e  252  districts  under  deputy  commissioners.  These  districts  each 
crage  in  area  3,800  square  miles,  and  have  each  an  average  popula- 
)n  of  800,000.  They  are  divided  into  divisions,  and  these  again 
ibdivided  into  the  ultimate  unit  of  subdivision,  which  is  known  as  a 
hsil.  The  subdivision  is  in  charge  of  an  assistant  magistrate  or 
:oeutive  officer,  and  the  tahsil  is  in  charge  of  a  deputy  collector  or 
seal  officer.  Land  is  the  main  source  of  revenue  of  the  Indian  gov- 
ument,  and  hence  the  levying  and  collection  of  the  land  tax  is  the 
aiii  work  of  the  administration  of  that  government, 
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In  Bengal  permanent  settlements  have  been  larcrely  mad^. 
zemindar  or  headman  of  a  village  makes  the  payiuent  for  th^  ^ 
village  to  the  government,  he  taking  from  each  cultivator  Ins  :»••' 
of  revenues  and  retaining  for  himself^  a  i)roportion  of  the  sam 
Madras  the  cultivator  is  the  rent-paying  unit,  as  the  zamiB«liir 
Bengal.  la- Bombay  revenue  settlement  is  proceeded  with  a< 
where,  only  in  more  detail,  by  a  careful  revenue  land  survey, 
field  is  marked  out,  measured,  and  assessed  separately.  Thi>  m 
is  simple,  as  the  government  recognizes  only  the  o\vner  of  t*ac\ 
With  these  owners  terms  of  settlement  are  made  for  periods  r»f 
years.  In  the  Northwest  Provinces  and  the  Punjab  the  vilVu 
taken  as  the  unit,  as  is  the  case  in  Bengal,  and  the  payment  U : 
to  the  government  by  the  village.  Terms  of  settlement  are  al>»'  i 
there  for  periods  of  thirty  years. 

In  order  to  convey  a  clear  understanding  of  the  nietho*!  of  j*:- 
ting  irrigation  develoi)ment  in  India,  it  is  essential  firsttogiv»'a 
outline  of  the  present  attitude  of  the  English  rulers  toward  irn::.. 
At  first  the  government  permitted  private  corporations  to  (*<m>: 
and  operate  irrigation  works,  the  earliest  work  planned  by  \> 
engineers  being  undertaken  by  a  private  corporation  on  a  jnin**^. 
of  interest  by  the  East  India  Compan3^     During  the  last  thirty  ' 
the  government  has  been  active  in  the  promotion  and  const  nut 
nearly  all  good  works  projected.     These  projects  are  studit^L  ^'• 
ined,  and  reported  on  usually  several  times  during  a  series  of  ;. 
and  when  the  government  is  finally  satisfied  with    them,  r-'vl" 
financial  investments  or  as  measures  for  the  relief  or  prevt-ir  • 
famine,  the  work  is  sanctioned  and  the  funds  for   itjs  consirr. 
appropriated. 

The  government  of  India  is  as  a  rule  greatly  in  favor  of  tin^  ♦ 
sion  of  irrigation  works.     It  encourages  enterprisers  by  granting 
funds  for  the  construction  of  works  whenever  it  can  be  pn)v«-. 
profits,  in(*rease  of  interest,  and  all  the  maintenance  charges  will  j ' 
bly  be  derived.     It  also  constructs  works  as  a  means  of  famiu*-  t 
in  certain  places,  even  when  profits  can  not  be  obtained.     Th«  . 
ernment  further  fosters  the  use  of  irrigation  waters  bv  makiriL 
water  rates  very  low,  or  by  even  giving  water  away  in  years  of  x.i 
As  shown  in  the  succeeding  acts,  the  government  of  India  has  ■ 
control  over  all  sources  of  water  supply,  and  so  exercisers  it  as  t*« 
it  the  greatest  benefit  to  the  community  at  large.     The  powi'r>'' 
trol  over  the  waters  for  irrigation  are  entirely  centrjillze<l. 

Each  province  of  India  has  a  separate  branch  of  the  Public  ^^ 
department,  known  as  the  irrigation  branch,  at  the  head  of  v!/. 
a  chief  engineer,  generally  also  secretary  to  government  ot  that : 
Ince,  and  over  all  the  chiefs  of  engineers  is  an  inspector-general  '■' 
gation,  attached  to  the  staff  of  the  governor-general  of  India. 
officers  in  the  upper  grades  of  the  irrigation  branch   are  iii\r 
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iropeans,  and  are  recruited  from  the  royal  engineers,  or  from  civil 
gineers  educated  in  well-known  colleges  either  in  England  or  India, 
le  civil  engineers  from  England  receive  a  t^^chnical  education  at 
)()pers  Hill  College,  and  the  majority  of  those  from  India  are  edu- 
ted  at  the  Thoraason  Civil  Engineering  College  at  Roorlcee,  or  at  the 
lloges  in  Bombay  or  Madras.  The  lower  grades  of  officers  are  com- 
'sed  of  selected  noncommissioned  officers  and  soldiers  and  from 
lives  who  have  passed  an  examination  after  studying  for  a  period 
some  college. 

The  chief  engineer  is  the  head  of  the  department  in  the  province, 
id  this  latter  is  divided  into  circles  presided  over  by  superintending 
igineers.  Each  circle  is  again  divided  into  divisions,  over  which 
ecutive  engineers  preside.  Each  division  is  again  divided  into  sub- 
visions,  of  which  there  are  generally  several  under  the  charge  of  an 
sistaiit  engineer.  This  concludes  the  list  of  the  upper  grades, 
rider  the  assistant  engineers  again  come  the  lower  grades  of  subor- 
nates  who  have  charge  of  the  different  works. 

Besides  the  engineering  establishment  proper,  there  is  the  revenue 
tablishment,  which  works  in  conjunction  with  it,  and  whose  duties 
e  mostly  concerned  with  the  administration  and  the  measurement 
the  fields  for  assessment.  This  establishment  consists  chiefly  of 
itives,  and  is  presided  over  by  a  deputy  magistrate,  under  whom  are 
lahdars,  ameens,  and  patrols. 

All  of  the  upper  grades — that  is,  from  the  assistant  engineers  upward, 
eluding  the  deputy  magistrate — have  to  pass  an  examination  in  canal 
w,  and  are  given  magisterial  powers,  which  enable  them  to  inflict 
inishments  for  breaches  of  this  law.  The  powers  conferred  vary 
ith  the  standing  of  the  officers.     The  executive  engineers  may  pass 

I  estimates  within  certain  limits  connected  directly  with  the  construc- 
[)ii  or  maintenance  of  works  in  their  division.  All  estimates  involv- 
g  considerable  expenditure  are  sanctioned  by  the  superintending 
iginoer  within  certain  limits,  beyond  whicli  the  sanction  of  the  chief 
igineer,  practically  that  of  the  government  of  the  province,  is  required. 

II  large  projects,  such  as  a  new  canal  system  or  storage  reservoir, 
iss  tx)  the  inspector-general,  and  are  referred  by  him  to  the  govern- 
ent  of  India  and  to  the  secretary  of  state. 

The  rules  and  regulations  by  which  water  is  served  to  cultivators 
•e  detailed  in  the  canal  acts  given  further  on.  In  irrigating  districts 
ater  is  served  to  cultivators  on  certain  days,  ver}"  often  on  three  days 
I  one  week,  or  possibly  they  are  allowed  to  use  it  during  one  week 
id  are  deprived  of  it  for  another.  The  period  in  which  they  are  not 
lov/ed  water  is  known  as  a  period  of  "tatil,"  an  Indian  word  mean- 
ig  closed.  Breaches  of  **  tatil,"  or  the  taking  of  water  when  its  use  is 
f)t  allowed,  render  the  individuals  committing  the  act  liable  to  fine  or 
nprisonment.  The  executive  engineer  of  tiie  division  has  entire  con- 
•ol  over  the  distribution  of  the  water,  and  complaints  regarding  scar- 
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city,  repairs,  misappropriations  of  water,  etc.,  are  all  refern^  ti>  i. 
and  lie  either  decides  them  himself  or  empowers  the  supervisorial' 
cer  or  deputy  magistrate  to  do  so.     The  assistant  engineer  isgviit-r:- 
a  European,  and  his  right-hand  man,  as  far  as  irrigut ion  matti^r> 
concerned,  is  the  deputy  magistrate,  who  is  generally  a  native  of  s 
standing  and  education.     The  assistant  engineer    lias    mai:i->' 
powers,  and  his  time  is  largely  employed  in  trying  cases  and  m*:. 
disputes.     Zilahdars,  of  which  there  are  generally  two  under  the  iiNv- 
ant  engineer,  have  under  them  5  or  G  ameens,  under  >vhom  an?  f* 
8  to  10  patrols.     These  latter  note  the  fields  as  they  are  irrigaU-L  . 
when  the  irrigation  is  complete  their  measurement  is  made  hy 
ameen,  the  whole  being  superintended  by  the  zilabdar,  whi)  is  \ 
responsible  for  the  correctness  of  the  measurement. 

The  first  act  bearing  with  any  importance  on  irrigation  le*ri^l :' 
was  Act  YJI,  by  the  governor-general  of  India  in  council,  jmss*.-*!  A- 
12,  1845,  and  entitled.  "An  act  for  regulating  the  levying  of  viv 
rent,  tolls,  and  dues  on  certain  canals  of  irrigation  constructed  !«} ' 
government  in  the  Northwest  Provinces  and  the  protection  oi  ^ 
canals  from  injury."  From  clauses  in  this  aet  the  following  exin 
are  made : 

And  it  is  hereby  enacted  that  the  said  lientenant-govemor  of  the  Northwr<- 
Provinces  shall  be  comi)etent  to  draw  out  rules  to  regulate  the  levy  of  wa*t : ' 
and  the  supply  of  water  for  irrigation.  *  *  *  The  rules  thus  tlrawn  out  -^ 
be  published  for  general  information  in  the  Government  Gazette. 

And  it  is  hereby  enacted  that  all  balances  of  water  rent  due  for  lands  uru 
by  the  canal  shall  be  levied,  either  by  temporary  deprivation  of  tlie  benefir-  : 
canal  or  by  the  same  process  as  is  prescribed  for  the  recovery  of  balance.-  i  *   - 
revenue. 

And  it  is  hereby  enacted,  that  whoever  willfully  causes  any  obstractii*n  i-  > 
of  the  said  canals,  or  to  any  of  the  water  courses  drawn  and  supplied  therffnc 
damages  the  banks  of  the  canal,  or  the  works  constructed  for  its  xnaintenai. 
willfully  defiles  the  water  in  the  canal,  shall  be  liable  to  the  penalties  hej>iL.i" 
described. 

And  it  is  hereby  enacted,  that  all  persons  offending  against  the  i>rovi«ii  -n,*^  * ' 
act  shall  be  punishable,  on  conviction  before  the  magistrate,  by  inipru^:' 
without  labor  for  a  term  not  exceeding  fourteen  days,  or  fine  to  an  am"ii:  • 
exceeding  50  rupees  [about  $25] ,  or  both:  and  in  default  of  i)ayinent  of  >^  >  ' 
by  additional  imprisonment  for  fourteen  days. 

On  May  31,  1845,  the  lieutenant-governor  of  the  Northwest  l^ 
inces,  under  authority  of  the  above  act,  passed  resolutions  repii 
various  canals,  from  whi(»h  the  following  extracts  are  made: 

In  conformity  with  Section  VIII  of  the  aforesaid  act,  the  superintendtTir?  ' 
said  canals  are  invested  vdth  the  powers  of  deputy  collectors  for  the  levy  *  ■'  ^ 
and  of  joint  magistrates  for  the  enforcement  of  penalties  under  the  afoivj^* 
and  their  assistants  are  declared  competent  to  exercise  the  same  powers 
their  directions  and  on  their  responsibility.     The  subordinate  establis^hiRt^i- 
such  superintendents  have  the  power  of  subordinate  revenue  and  politv   -t^ 
for  the  aforesaid  purposes.     An  appeal  lies  direct  to  the  commig^sioner  4^f  th- 
sion  against  orders  passed  by  the  superintendent  or  his  assistants  in  the  cai- 
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•'  deputy  collector,  and  to  the  sessions  judge  against  orders  passed  in  the  (-apacity 
'  joint  magistrate. 

When  it  may  l)e  more  expedient  to  give  water  on  contract  rather  than  according 
>  the  surface  irrigated,  the  terms  of  contract  may  be  as  follows: 
Where  the  water  flows  naturally ,  2  rupees  [$1]  per  annum  for  every  square  inch 
■  ox)ening  taken  from  the  summit  level  of  the  water  and  having  a  free  course. 

In  the  event  of  any  person  secretly  taking  water  from  the  canal  in 
iiy  manner,  for  which  rent  is  leviable,  without  coming  under  engage- 
urn  ts  to  pay  the  rent,  or  secretly  taking  more  water  than  he  has 
tigaged  to  pay  for,  he  shall  be  chargeable  with  double  rates  for  all 
ater  so  taken. 

All  laud  brought  into  cultivation  within  20  yards  of  the  canal  or  any  branch 
ream  from  it,  subsequently  to  the  construction  of  the  channel,  shall  pay  water 
mt,  whether  taking  water  or  not;  and  similarly  all  land  cultivated  from  wells 
'hich  have  been  dug  or  reopened  within  20  yards  of  the  canal  boundary,  or  within 
)  yards  from  any  branch  stream  from  it,  subsecjuently  tD  the  construction  of  the 
mal,  shall  i)ay  water  rent,  whether  taking  water  from  the  canal  or  not. 

When,  from  the  carelessness  of  cultivators  either  in  not  properly  closing  the 
eads  of  their  water  courses  or  in  leaving  the  watercourses  in  bad  order,  the  water 
verflows  and  spreads  over  waste  or  fallow  land,  a  fine  shall  be  levied  not  exceed- 
ig  the  highest  rate  of  water  rent  leviable  on  the  extent  of  land  flocxled. 

It  shall  be  in  the  jwwer  of  the  canal  officers  to  close  the  whole  of  the  branch 
rater  courses  from  sunset  to  sunrise  for  the  purpose  of  forcing  the  water  onto  the 
3wer  x)arts  of  the  canal;  and  also,  when  necessary,  for  any  period  not  exceeding 
hree  days  in  a  week.  At  other  times  the  water  shall  be  at  the  command  of  the 
iiltivators,  provided  it  be  in  the  power  of  the  canal  officer  to  furnish  a  supply. 
*ersons  taking  water  once  so  as  to  benefit  a  crop  shall  be  liable  to  the  charge  for 
he  whole  year,  or  the  whole  crop,  as  the  rate  may  bo  leviable. 

Si)ecial  agreements  between  individuals  and  the  superintendent  for  the  use  of 
78,t(}T  for  irrigation,  for  driving  machinery,  or  for  other  purposes,  on  other  terms 
han  are  eml)odied  in  these  rules,  shall  be  constructed  as  other  ordinary  con- 
ra<:rts  are. 

In  addition  to  these,  rules  are  laid  down  defining  the  powers  of  the 
uperin  ten  dents  and  their  assistants  and  other  officers  on  the  works. 
is  well  as  rules  giving  the  charges  which  villages  or  individuals  are 
iubject  to  who  do  not  take  water  for  irrigation,  but  who  use  it  for 
vatering  live  stock  or  for  domestic  purposes.  The  charges  for  filling 
'(\servoii-8  or  tanks  are  also  specified,  as  are  the  tolls  for  rafts  or  lx)ats. 
riie  right  of  ownership  of  water  was  summarily  settled  in  India  in 
i>>73  by  the  passage  of  ''An  act  to  regulate  irrigation,  navigation,  and 
Irainage  in  northern  India."  The  preamble  tersely  states  the  claims 
>f  the  government  thus: 

Whereas  throughout  the  territories  to  which  this  act  extends  the  government  is 
mtitled  to  use  and  to  control  for  public  purposes  the  waters  of  all  rivers  and 
r^t reams  flowing  in  natural  channels,  and  of  all  lakes  and  of  the  natural  collec- 
tions of  still  water,  etc. 

This  statement  of  rights  is  perfectly  plain,  and  in  India  the  govern- 
iiKMit.  has  no  need  to  use  its  power  to  enforce  these  claims.  This  act 
is  known  as  "Northwest  canal  provinces  Act  No.  VIII,  of  187:5,"  and 
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lays  down  all  of  the  fundamental  laws  governing  canal  admiiiisirr 
in  those  provinces. 

The  principal  act  establishing:  the  laws  covering  irrigation  t 
presidency  of  Bombay  is  Act  Xo.  VII  of  1879,  which  was  amen i 
1880  by  Bombay  Act  No.  III.     The  preamble  reads  as  follows: 

Whereas  it  is  necessary  to  make  provision  for  the  constmctiaiL,  mamt»--- 
and  regulation  of  canals  for  the  supply  of  water  therefrom,  and  forthtl-" 
rates  for  the  water  so  snpplie<l  in  the  Bombay  presidency,  it  is  enacted,  i-t* . 

The  act  then  goes  on  to  define  what  are  understood  as  canak^^ 
courses,  and  drainage  works;  defines  the  various  oflScers  app<»iiiv 
law,  with  th(*ir  powers,  and  makes  the  following  further  provi>i'i^ 

Whenever  it  ax)l)ears  expedient  to  the  governor  in  council  that  the  water 
river  or  stream  flowing  in  a  natural  channel,  or  of  any  lake,  or  any  otht-:  ^.  '■ 
collection  of  still  wat^r  shonld  be  applied  or  used  by  the  government  for  •  r 
pose  of  any  existing  or  projected  canal;  the  governor  in  council  may.  by  r. 
tion  in  the  Bombay  Government  Gazette,  declare  that  the  said  water  ^Z 
applied  or  used  after  a  day  to  be  named  in  the  said  notification,  not  beinj  -  ' 
than  three  months  from  the  date  thereof. 

At  any  time  after  the  day  so  named  any  canal  ofl&cer  duly  empoweivii  i' 
behalf  may  enter  on  any  land,  remove  any  obstruction,  close  any  channel  .■ 
any  other  thing  necessary  for  such  application  or  use  of  the  said  watvr.  r 
such  purpose  may  take  with  him,  or  depute,  or  employ  such  subopbn**'- 
other  persons  as  he  deems  fit. 

Followinji:  this,  equally  broad  powers  ai-e  given   canal  offi*-*'^ 
enter  or  examine  land  in  connection  with  project^ed  works,  to  inl- 
and regulate  water  supply,  to  enforce  repaira,  and  prevent  ann^- 
Additional  regulations  are  formulated  providing  for  suitable" 
crossings,  the  removal  of  obsti^ctions  to  drainage,  and  thee<Mvs 
tion  of  drainage  works.     Further: 

Every  owner  of  a  water  course  shall  be  bound  to  construct  all  works  n*-''- 
for  tli(*  x^^^^^'^K*'  at^Toss  such  water  course  of  canals,  water  courses,  draiiuip  ■ 
nols.  and  public  roads  existing  at  the  time  of  its  construction,  and  of  the  tin 
intercepted  by  it,  and  for  affording  proper  communications  across  it  for  t:  • 
vonience  of  the  oc('upants  of  neighboring  lands  to  maintain  such  water c"'> 
a  fit  state  of  repair  for  the  conveyance  of  water. 

This  act  f urtlier  provides  for  compensation  in  cases  of  damiU' 
remission  of  water  rates  when  allowable,  compensation  on  aco'ii; 
the  interrui)tion  of  water  suppl}^,  and  for  further  causes. 

Part  4  of  the  act  lays  down  the  rules  for  the  levying  of  waierr* 
and  opens  by  stating  tliat  '*  such  rates  shall  be  leviable  for  eaual  ^^ 
supplied  for  puri)oses  of  irrigation,  and  for  any  other  purpose  .i>* 
from  time  to  time  be  determined  by  the  governor  and  council."  ^ 
cial  rates  are  laid  down  to  be  charged  where  persons  use  water 
thorizedh^;  also  when  water  is  permitted  to  run  to  ijraste.  Pn>v> 
are  made  for  the  obtaining  of  labor  on  the  canals  in  times  of »' 
gency,  and  penalties  are  provided  for  damage  done  to  canals  an«l ' 
works. 
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L(tn(l  tenures. — In  southern  India,  including  Bombay  and  Madras, 
hile  the  landholders  do  not  own  land,  they  possess  certain  rights  in  it, 
ich  as  the  right  to  hold  and  to  till  it  so  long  as  they  make  payment  of 
firt  of  the  produce  to  the  government,  while  the  government  possesses 
le  right  to  a  share  of  the  land  revenue.  In  northern  India,  includ- 
ig  the  Northwest  Provinces,  Punjab  and  Bengal,  there  is  a  class  of 
iperior  landholders  between  the  cultivator  and  the  government.  The 
iltivator  tills  the  land  and  pays  the  rent  to  the  landlord,  and  the 
itter  pays  a  portion  of  this  to  the  government.  These  proprietors 
re  associated  together  in  villages,  with  an  elected  or  hereditary  head, 
ho  is  responsible  to  the  government  for  the  rent  of  the  entire  village. 
1  Bengal  there  are  about  130,000  landlords  or  heads  of  estates,  who' 
re  entitled  ''zemindars,"  or  may  even  l>e  rajahs.  In  the  central 
rovintic^s  there  are  28,000  separate  estates.  In  the  Punjab  1,695 
^niindars  hold  5  per  cent  of  the  total  area  of  that  province;  33,020 
illage  communities  hold  01  per  cent  of  the  total  area,  and  1,711  other 
mdholders  have  charge  of  4  percent  of  the  total  area.  In  the  Xorth- 
'cst  l^roviuces  the  area  is  divided  in  about  the  same  proportionjs 
mong  the  various  classes  of  holders.  In  southern  India,  where  the  cul- 
ivators  or  ryatwari  hold  the  land,  it  is  leased  to  them  for  fixed  periods 
f  thirty  years,  though  they  can  resign  these  holdings  at  the  end  of 
ach  agricultural  year.  They  can  sell  or  mortgage  the  land,  and  at 
he  death  of  the  holder  liis  heirs  inherit  the  right  to  the  lease.  In 
Madras  there  are  2,302,000  ryatwari  or  individual  tenures  on  which 
he  average  assessment  is  $5.  In  Bombay  there  are  1,367,600  ryatwari. 
In  these  southern  presidencies  each  village  is  indicated  on  the  rev- 
nue  map  with  a  defined  boundary,  and  each  field  is  marked  out  and 
lumbereil  on  the  village  plan.  The  different  classes  of  soil  are  indi- 
•ated  in  colors  with  a  description  of  the  class  of  tenure,  marked  in  a 
t^gist  er  accompanying  each  map,  in  which  are  also  indicated  all  partic- 
ilars  of  soil,  tenants,  and  amount  of  assessment.  The  size  of  the 
ield  is  det<*rmined  by  the  extent  of  the  particular  variety  of  soil 
ii'hich  can  be  cultivated  with  the  assistance  of  a  pair  of  bullocks. 
Thus  in  light,  dry  soil  a  field  will  constitute  20  acres,  in  heavy  dry 
ioil  1 2  acres,  and  in  rich  garden  land  4  acres.  Some  of  the  circum- 
stances affecting  the  classification  of  land  and  the  value  of  the  fields 
ire  the  position  of  the  latter  with  respect  to  the  t'illage,  the  facilities 
for  agricultural  operations,  the  character  of  the  soil,  and  the  oppor- 
tunities for  irrigation. 


CHAPTER    lY. 
EXTEKT  AXD  CHARACTER  OF  IRRIOjkXIOiN. 

CLASSES  OF  WORKS. 

The  irrigation  works  of  India  are  divided  hy  the  engineer  iiiv 
great  classes,  (1)  gravity  irrigation  and  (2)  lift  irrigration.     Tlie  f< :: 
includes  four  great  groups,  namely,  perennial  canals,  int-emii' 
canals,  periodical  canals,  and  inundation  canals.      The  water  >;j: 
for  these  may  be  supplemented  by  storage  works.    These  vrill  })^x^-i 
as  a  third  class. 

Perennial  canals  are  taken  from  the  rivers  the  discharge  of  ^•' 
at  all  times  suflBces  for  the  irrigation  of  the  lands  ^rithout  the  a: 
storage.  Intermittent  canals  are  taken  from  intermittent  strean> 
water  of  which  must  be  stored  in  order  to  furnish  a  constant  suj ; 
Periodical  canals  are  taken  from  streams  having  an  available  su; 
during  the  rainy  season  only,  and  are  used  altogether  in  the  on!' 
tion  of  the  summer  crop.  Inundation  canals  are  taken  fmni  r:- 
having  a  constant  discharge  of  some  magnitude,  but  are  fed  l»y  *: 
rivers  only  when  in  flood. 

Lift  irrigation  is  chiefly  illustrated  by  wells.    Of  these  then*  i> 
to  say,  although  the  area  irrigated  by  them  is  considerable.     Tli' ; 
used  in  a  country  where  labor  is  cheap,  and  are  valuable  adjun"  « 
irrigation,  catching  the  seepage  water  from  the  canals  and  irri^. 
fields  which  otherwise  would  be  wasted.     Owing  to  the  cost  of  W 
it  is  doubtful  if  they  will  ever  be  used  to  any  extent  in  Ameri(*a. 

Canals  are  divided  into  two  great  classes,  those  for  irrigatitm  > 
and  those  which  are  also  employed  for  purposes  of  navigation, 
conditions  required  to  develop  an  irrigation  canal  are  usualh .  ^ 
that  it  shall  be  carried  at  as  high  a  level  as  i)ossible,  so  as  t-»  - 
sufficient  fall  to  irrigate  the  land  to  a  considerable  distance  <m  !• 
sides  of  it;  second,  that  it  shall  be  fed  by  some  source  that  will  tv 
it  a  running  stream,  in  order  that  the  loss  of  the  wat^r  consuiu'-' 
irrigation  nrny  be  constantly  replaced  in  the  canal.     The  chief  n-^i- 
ment  of  a  navigable  canal,  on  the  contrary,  is  that  it  shall  be  as  ^*-^ 
as  possible  a  still-water  canal,  so  that  navigation   may  be  e<|V 
easy  in  both  directions,  and  no  water  is  lost  except  b3'  eva^wrai 
absorption,  and  at  the  points  of  transfer  from  the  higher  to  the  i'  "* 
levels.     Hence  it  is  most  economical!}^  constructed  at  a  relativ<i> 
level.     In  India,  among  the  earlier  great  perennial  canals  itwa^' 
sidered  the  rule  to  make  them  navigable  as  well  as  irrigable,  bnt  > 
56 
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10  introduction  of  modern  modes  of  transportation,  the  development 
f  the  railway  system,  and  the  construction  of  excellent  metaled  roads 
iroughout  the  country,  the  authorities  have  generally  come  to  dis- 
pprove  of  the  use  of  irrigable  canals  for  navigable  purposes. 

EXTENT  OF  IRRIGATION. 

In  the  presidency  of  Bombay,  exclusive  of  the  Sind,  there  are 
5  irrigation  works  in  operation,  of  which  3  are  major  protective 
orks,  7  are  major  productive  works,  and  the  remainder  are  minor 
rotective  and  productive  works.  The  total  capital  outlay  on  these 
)  end  of  year  1000-1901  was  $9,1 70,000.  The  total  gross  revenue  dur- 
ig  1900-1901  was  $175,200;  the  working  expenses  were  $139,000;  and 
le  net  revenue  was  $30,200.  The  area  irrigated  during  that  year 
as  124,972  acres,  of  which  about  three-fifths  were  in  autumn  or  dry- 
eather  crops.  The  gross  revenue  assessed  was  $1.73  per  acre,  and 
lie  water  rate  averaged  $1.33  per  acre  irrigated.  This  water  rate 
anged,  however,  from  35  cents  to  $4  per  acre,  the  maximum  price 
eing  very  unusual  and  due  to  the  large  amount  of  sugar  cane  which 
'as  irrigated  on  the  canal  where  that  rate  was  levied.  The  working 
xpenses  per  mile  varied  from  $70  to  $200,  and  the  working  expenses 
•er  acre  irrigated  varied  from  30  cents  to  $2.  The  latter  high  figures 
•(M-e  in  both  cases  charged  on  the  Mutha  canal,  where  a  large  amount 
f  sugar  cane  was  under  cultivation. 

In  the  Sind  the  net  area  cropped  in  1901  was  1,873,674  acres.  The 
von  irrigated  from  canals  was  1,413,487  acres;  irrigated  from  other 
ources,  302,913  acres;  and  the  total  area  irrigated  was  1,776,400  acres, 
lie  area  under  wet-weather  crops  was  1,439,869  acres,  and  under 
.utumn  crops  about  366,530  acres.  The  irrigation's  share  of  the  net 
vvenue  for  that  year  was  $1,196,500.  The  financial  statement  for 
lie  works  of  the  Sind  for  1900-1901  was  as  follows: 

Financial  statement  of  Sind  Irrigation  Works.. 

^otal  outlay  to  date $7,994,000 

S^ross  revenue  during  the  year _ 1, 071, 000 

^^orking  expenses 266,000 

s'et  revenue .' 805,000 

'^et  profit,  less  simple  interest  on  the  borrowed  cai)itiil 464, 000 

The  average  rainfall  for  all  of  Sind  during  the  year  was  4.98  inches. 

In  Madras  the  great  irrigation  works  are  constructed  in  the  deltas 
)f  tlie  principal  rivers.  The  approximate  cost  of  the  works  of  ^Madras, 
•vithout  interest,  to  the  year  1899  was  $60,225,000;  the  total  area  of 
Jultivation  due  to  irrigation  was  6,898,839  acres,  and  the  total  revenue 
kvas  !^7, 722,000. 

In  IJengal,  at  the  end  of  1901,  there  were  in  operation  738  miles  of 
fnain  canals,  of  which  495  miles  were  navigable;  they  commanded  an 
irea  of  2,753,000  acres,  of  which  1,440,374  acres  were  actually  irrigated, 
rhe  total  capital  outlay  on  the  three  major  works,  viz,  Midnapore, 
Orissa,  and  Soane  canals,  was  $27,475,000. 
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In  the  Punjab  the  capitaloutlay  to  end  of  1901  for  major  work.-" 
was  J»;38,007,000;  the  total  net  revenue  was  ts3,333,000,  or  8.4  per  v 
interest  on  the  capital  outlay.     On  inundation  ^«rorks  the  cspiul 
lay  was  $777,000,  and  the  interest  on  this  outlay  varied  from  1« ."  ;■ 
cent  as  a  minimum  to  181.5  per  cent  as  a  maximum.    In  this  pnv- 
there  were  5,102  miles  of  main  and  branch  canals  and  11,737  mi.^- 
distributaries.     The  working  expenses  were  from  25  to  &)  een:- 
acre  irrigated,  and  the  establishment  cost  from  10  to  25  cents  per . 
irrigated.     The  area  irrigated  during  the  summer  crop  was  3.»'- •" 
acres,  and  during  the  autumn  crop  2,967,814  acres. 

The  Northwest  Provinces,  including  Oudh,  have   an  area  oC  a- 
55,000  square  miles,  of  which  30,000  square  miles  may  be  said  t^H. 
been  protected  by  irrigation  works  at  the  end  of  tlie  year  li<'M. 
total  outlay  on  irrigation  works  in  these  provinces  at  the  «?nd  t*  ^ 
was  ^27,400,000;  the  net  revenue  for  that  year  was  *l,270,<*i><.  -^ 
is  4.0  per  cent  interest  on  the  capital  outlay.    The  net  interest  on ' 
principal  works — the  Upper  and  Lower  Ganges,   Agra,  and  E.i-' 
Jumna  canals — was  4.97  per  cent.     The  total  working   expt'n>^ 
the  same  year  were  $961,000.     There  were  in  operation  1,427  mii-*- 
main  and  branch  canals  and  6,748  miles  of  distributaries.     The ' 
area  under  irrigation  was  1,799,866  acres,  of  which  71)G,221  at-n-s  ■' 
summer  crops  and  1,093,645  acres  were  autumn  crops.      Tlie  va/ 
the  pi'incipal  croi)s  wjis  110  per  acre. 

.     FINANCIAL  AND  AGRICULTURAL  RESULTS. 

Of  major  productive  works,  the  capital  for  which  has  V>eenprov 
from  borrowed  money,  there  are  35  in  the  six  principal  pn>vii 
The   capital   expended  on   these  works  to  the  year   ISHH)  wa>  .\  ■ 
$100, 000, 000,  while  the  sanctioned  estimates  for  the  completed  ]»pv 
were  8103,572,000.     These  35  major  works  are  designed   to  irr\: 
when  fully  completed  and  irrigation  has  been  fully  dovelope<l,  '^ 
thing  more  than  10,356,000  acres.     Of  6,000  miles  of  main  and  >»"' 
canals  no  less  than  2,300  miles  are  navigable.     The    cost  of  ku  ^ 
tliese  canals  navigable  can  not  be  readily  ascertained,  but  shmi''. 
eliminated  in  determining  the  true  cost  of  each  irrig:al>le  acre. 
Mutha  canal,  in  Bombay,  which  is  the  most  expensive  of  anv  r.n. 
its  kind,  derives  a  considerable  income  from  the  supplv  of  wai- '" 
dom(\st ic  purposes  to  "the  city  of  Poona.     It  may  be  said  tliat  tht- '» 
of  this  class  average  89.30  for  each  acre  irrigable.     Of  the  10  lan:«  - 
these  major  works,  the  most  expensive,  the  Orissa  system  in  1^ '  - 
cost  ^27  per  acre,  and  the  Ganges  canal,  which  covers  the  la  - 
area  of  all,  and  is  at  the  same  time  the  cheapest,  cost  a  little  / 
$0.30  per  aere.« 

In  addition  to  the  6,000  miles  of  main  canals  constructed  in  ' 
35  systems,  there  are  18,000  miles  of  principal  distributaries.     « 

"Buckley,  R.  B.,  Irrigation  WorkH  in  India  and  Ejfypt,  London.  l$«Ci.  pp. 
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ie  present  time  only  12  of  the  35  major  productive  works  have  been 
orked  at  a  profit  of  more  than  4  per  cent,  but  the  profit  from  these 
2  has  been  more  than  sufficient  to  cover  the  deficiencies  of  the  other 
i.  The  net  result  is  that  the  works  of  this  class  have  covered  the 
iterest  charges,  with  a  gross  excess  to  the  government  of  nearly 
12,642,000. 

For  the  first  twenty  years  these  modern  British  works  were  not  alto- 
ether  profitable.  During  the  past  ten  years,  however,  since  nearly 
11  have  been  in  full  operation,  the  net  revenue  return  for  the  35 
orks  together  has  averaged  more  than  4  per  cent  per  annum  on  the 
1()0,000,(X)0  gross  capital  outlay. 

Among  the  six  provinces  in  which  this  class  of  work  lies,  Madras 
nd  Sind  are  preeminent  as  those  in  which  all  the  works  have  been  in 
peration  for  more  than  ten  years  and  are  thoroughly  successful.  In 
iie  Northwest  Provinces  all  four  works  are  now  thoroughly  suceess- 
Lil,  paying  over  5  per  cent  net  revenue,  and  in  the  Punjab  there  is  lit- 
ie  doubt  that  all  of  the  works  will  finally  be  successful,  while  the  older 
nes  already  pay  well.  One  of  the  youngest  works,  the  Sidhnai  canal, 
i  very  remarkable  in  liaving  paid  nearly  14  per  cent  on  its  capital 
uring  the  second  year  it  was  in  operation.  Of  the  Bengal  works  lit- 
l(*  hope  can  be  entert.ained,  as  the  normal  rainfall  there  is  too  large 
nd  too  regular  to  make  irrigation  an  urgent  requirement  for  ag^i'icul- 
ural  prosperity.  These  works  must  be  looked  on  as  a  protection 
gainst  occasional  drought  and  famine  rather  than  as  a  source  of 
•rofit. 

Of  major  protective  works  there  were  in  operation  in  1900  in  the  six 
>rincipal  provinces  5  works,  the  capital  expenditure  on  which  was 
6,866,000.  These  works  are  designed  to  irrigate  723,720  acres,  at  an 
A'erage  capital  cost  of  nearly  $8  per  acre.  There  are  completed  in 
hese  systems  400  miles  of  canals  and  800  miles  of  main  distributaries. 

Of  minor  works  the  capital  of  which  has  bjeen  provided  from  the  gen- 
ral  revenues  of  India  about  80  were  in  operation  m  1900,  distributed 
hroughout  nine  provinces,  including  Burma  and  Beluchistan.  The 
:apital  expended  on  these  works  was  $15,040,000  and  the  net  revenue 
vas  $737,000.  The  percentage  of  net  revenue  on  the  total  capital 
)utlay  to  the  end  of  the  year  under  consideration  averaged  nearly  5 
)er  cent,  and  varied  from  naught  in  the  case  of  some  works  in  Bom- 
>ay  to  10  per  cent  in  some  of  the  works  of  Burma  and  24  per  cent  in 
lome  inundation  canals  in  the  Sind.  These  works  comprise  altogether 
>,500  miles  of  canals,  2,650  miles  of  distributaries,  and  render  iiTiga- 
^le  an  area  of  about  7,201,578  acres.  The  works  of  this  class  taken 
collectively  are  more  remunerative  than  the  major  productive  works,' 
K'hich  were  specially  constructed  to  pay  nearly  5  per  cent.  The 
lumerous  small  works  in  Bombay  are  unproductive,  and  there  is 
t)ut  little  hope  that  the  returns  derived  from  them  will  materially 
improve. 
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In  1900  there  were  irrigated  by  major  productive  wort 
11,409,5:28  acres.  The  rate  of  working  expenses  i>er  acrtM>ua. 
classes  of  works  varied  between  40  cents  and  $2.60.  The  jmiv  ^ 
irrigated  by  all  three  classes  of  works  was  18,011,101  acres,  wh.. 
entire  area  under  irrigation,  including  that  watered  by  wells  aiin 
double  cropped,  was  33,090,031  acres.  The  a  vorage  water  rate  <  u  ■ 
was  less  than  $1.40  per  acre.  The  average  value  of  cn>iis}*' 
varied  from  $10  to  $35,  and  the  percentage  of  rate  chai^e«l ": 
value  of  the  crop  was  between  $3.30  and  $8.25.  Gaged  by  th 
ard  of  the  percentage  of  rates  charged,  theoretically  the  ga.;r^ 
severity  of  the  charge  on  the  cultivator,  the  Bombaj"  rate^,  'srhi 
actually  the  highest,  are  shown  to  be  the  lowest,  and  this  is  rfn 
fact  because  of  the  very  high  value  of  the  sugar-cane  crop  >* 
sivel}''  cultivated  in  that  province.  The  gross  value  of  the  i-mr 
gated  in  1900  by  all  the  four  classes  of  irrigation  \vorks  admiih* 
by  the  government  rejiched  the  sum  of  $155,00(^000. 

At  a  moderate  compensation  it  may  be  said  that  one-half  : 
sum  is  the  increased  value  of  the  outturn  from  the  fields  due  t 
gation  from  the  canals.  This  figure  shows  perhai>s  more  readii} 
any  other  the  value  of  the  agricultural  interests  which  are  Ix'Ji 
with  irrigation  works  of  India. 

The  agricultural  results  of  Indian  irrigation,  and  an  idea  of  tn    - 
and  returns  of  building  and  operating  canals  can  best  be  obtaii:^ 
citation  of  the  results  on  a  typical  perennial  canal,  »s  the  Sirhind 
in  the  Punjab.     In  1900-1901  the  amount  and  value  of  thepri*. 
crops  irrigated  on  the  British  branches  only  of  this  canal  an*  a^f-' .  * 

Crops  irrigated  on  Sirhind  cancU  in  liHH)—l9()l, 


VaJue. 


Barley ..._ _ ._|  $124, (KW 

Maize |  641.  (XM) 

Wheat .}  1,247.001) 

Mixed  grains. .__ j  176,0fM)        •* 

Cotton j  101,  WW 

Sugar  cane _  1  293, 0(iO 

Millet  and  pulses  . . 1  i .  781 .  (KK) 

Fodder  crops _ |  428,  (KXJ 

Vegetables _ .'. j  222,  ()fH) 

Oilseeds ._'  117,0(K> 

I 
I 

It  will  be  interesting  to  examine  the  items  of  cost,  interest,  an-' 
eniie  of  such  a  canal  as  this,  and  to  make  comparisons  l>etwit'n'  ^ 
costs  and  returns  and  what  might  be  derived  from  a  similar  *  ■' 
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ide  in  the  ITnit<id  States.  In  making  this  comparison  the  amounts 
sorted  in  the  revenue  returns  for  such  expenditures  as  pensions,  fur- 
ighs,  and  navigation  works  must  be  deducted  from  the  total  outlay 
(1  due  allowance  made  for  the  difference  in  cost  for  each  class  of  con- 
'uetiou  in  the  two  countries  and  for  the  water  rate  to  be  charged. 
>  the  end  of  1001  the  total  expenditure  on  the  Sirhind  canal  was 
1),(><)3,()00,  of  which  SG, 740,000  was  interest  while  the  work  was  under 
iistruction,  and  $1,000,000  was  leave  and  pension  allowance  to 
iployees. 

Though  such  a  work  would  have  been  constructed  in  a  much  shorter 
lie  in  the  United  States,  owing  to  the  substitution  of  mechanical 
»ans  for  hand  lal)or,  the  rates  paid  in  our  country''  for  interest  would 
obably  equalize  this  charge.  The  total  original  cost  of  the  works 
IS  ^12,000,000,  of  which,  exclusive  of  the  cost  of  land  and  mainte- 
.nce,  $400,000  was  for  head-works,  $6,500,000  for  the  main  canal  and 
anches,  and  $1,100,(K)0  for  right  of  way  and  navigation  works.  The 
dee  establishment  in  India  is  an  expensive  one  and,  less  pensions, 
sts  $2,200,0(X),  while  the  tools  and  plant  cost  an  additional  $1,100,000. 
1  the  main  canal  and  main  branches  the  earthwork  alone  cost 
!,  000, 000,  and  on  the  distributaries  this  item  cost  8800, OIX),  making 
1,400,000  for  earthworks. 

For  the  total  1,170,000  acres  of  irrigable  land  controlled  by  the  Sir- 
nd  canal  the  cost  for  earthwork  was  $4.25  per  acre.  Our  contract 
•ices  in  the  West  being,  say,  10  cents  per  cubic  yard  against  their  4 
Jut  s,  this  earthwork  would  have  co^  us  $10. 62  per  acre.  The  masonry 
orks — as  falls,  weirs,  regulators,  and  bridges — cost  in  all  $2,400,000, 
•  $3  per  acre  irrigated.  In  India  rubble  masonry  costs  about  $3  per 
ibic  yard.  In  our  West  it  averages,  say,  $6.  Hence  these  works 
ould  have  cost  us  $6  per  acre.  In  our  works,  however,  we  would 
roid  the  expense  of  the  numerous  masonry  bridges  constructed  in 
idia;  again,  we  would  do  comparatively  little  masonry  work,  but 
ould  use  iron  and  wood,  which  are  relatively  far  cheai)er.  The  cost 
)r  these  items  would  accordingly  be  proportionately  less.  Perhaps 
ue-thinl  can  be  deducted  for  the  cheaper  material,  and  it  would  cost 
s,  therefoi-e,  $4  per  acre  irrigated.  The  drainage  works  and  escapes 
[>st  about  73  cents  per  acre  more,  or  such  a  work  as  the  Sirhind  canal 
ould  have  cost  $15.35  per  acre  irrigated  against  $8  in  India. 
Owing  to  the  recent  completion  of  the  Sirhind  canal  it  irrigates  at 
resent  only  1,170,000  acres.  This,  however,  paid  in  1900-01  a  surplus 
Bvenue,  after  paying  interest  on  the  capital  outlay,  of  4.?  per  cent  per 
nnum,  and  of  0.1  per  cent  net  revenue  on  that  outlay.  The  water 
Jites  charged  averaged  90  cents  i)er  acre  irrigated.  We  could  charge 
t  least  $2,  and  in  some  localities  more.  As  the  cost  of  construction  in 
America  would  be  twice  that  of  India,  while  the  receipts  per  acre 
t^ould  be  nearly  three  times  as  great,  it  is  not  improbable  that  under 
imilar  circumstances  such  a  work  when  fully  utilized  would  yield 
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from  5  to  12  per  cent,  and  when  doing   its   maximum  duty  ^ 
realize  as  a  minimum  10  per  cent  on  the  capit-al  invested. 

In  addition  to  the  amount  realized  from  such  a  work  as  ohl] 
dir<»ctly  with  that  obtained  in  India,  there  is  one  source  of  n-v- 
in  our  country  which  does  not  exist  in  India.  That  is  thran 
increase  in  value  of  the  land  served  by  the  canal.  There  is  n«'  - 
increment  available  to  private  enterprise  in  India,  because  tl^^ 
ernment  is  the  owner  of  the  land.  In  America,  however,  whert 
can  l)e  purchased  at  from  $1.25  to  $2.50  per  acre,  and  whensu;-; 
with  water  rij^ht  will  sell  for  from  #40  to  %100  per  acre  or  brie. 
equivalent  revenue,  the  increased  return  from  such  an  inves^tiiu 
obvious. 


CHAPTER  V. 
AliKAIil  AXD  DUTY. 

OBJECTIONS  TO  IRRIGATION. 

In  184:5,  during  surveys  for  the  great  Ganges  canal  project,  a  com- 
mittee was  appointed,  under  instructions  from  the  governor-general 
f  India,  for  the  purpose  of  reporting  on  the  causes  of  unhealthful- 
less  which  existed  along  the  line  of  the  Delhi  canal,  and  ascertaining 
whether  injurious  effects  on  the  health  of  the  people  were  likely  to  be 
)roduced  by  the  contemplated  Ganges  canal.  Their  report  is  one  of 
he  most  complete  and  exhaustive  ever  prepared  relative  to  the  effects 
►f  canal  irrigation  on  the  health  of  the  neighborhoods  irrigated.  The 
nembers  of  the  committee  were  Maj.  W.  E.  Baker^  R.  E.,  president; 
>urg.  T.  E.  Dempster,  and  Lieut.  H.  Yule.^ 

Among  the  more  important  conclusions  reached  were: 

(1)  That  in  considerable  portions  of  the  district  under  the  influence 
)f  existing  canals  sickness  has  been  Jargely  developed. 

(:?)  That  this  sickness  is  not  attributable  to  the  results  of  irrigation 
)ut  to  the  canal  works  or  water  courses  of  private  individuals  having 
ntercepted  the  natural  drainage  of  the  country,  and  having  thus  led 
.0  the  formation  of  swampy  tracts  diffusing  malarious  influence  around 
hem. 

(3)  That  where  the  soil  is  light  and  the  irrigation  carried  on  by 
neans  of  main  distribution  channels,  all  the  advantages  of  canal  irri- 
gation may  be  gained  without  the  prevalence  of  any  of  those  evils  to 
)e  found  in  localities  differently  constituted. 

(4)  That  if  care  is  taken  to  irrigate  only  that  land  which  has  an  opc^n 
joil  and  which  has  such  slope  and  low  drainage  lines  as  to  i)revent 
vater- logging,  no  unhealthy  results  will  follow  irrigation. 

(5)  That  irrigation  with  free  surface  drainage  may  be  regarded  as 
luite  innocuous. 

(())  That  when  malarious  influences  are  developed  by  irrigation 
iheir  effects  are  almost  strictly  local. 

This  committee  recommended  that  the  Ganges  canal  be  kejit  as  much 
is  possible  within  soil,  that  is,  that  its  ordinary'  surface  level  should  be 
below  that  of  the  country.  That  earth  wanted  to  complete  embank- 
ments be  never  obtained  from  excavations  made  outside  the  canal 
except  from  such  localities  as  would  readily  admit  of  drainage.  That 
the  canal  and  its  branches  te  taken  as  much  as  possible  along  the 
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watershed  of  the  country,  so  as  not  to  interfere  with  drainai:^  . 
that  irrigation  be  prohibited  in  localities  which  appear  to  i**-- 
naturally  a  malarious  character. 

On  tills  same  subject  Capt.  Douglas  Galton,  of  the  army  Mia 
commission,  wrote  an  interesting  article^  in  which  he  gives  j-. 
instances  where  localities  that  have  been  sandy  deserts  devoid  '•: 
etation  had  by  means  of  irrigation  been  converted  into  rich  ,: 
fields.    For  many  years  the  irrigation  measures  have  not  been  ar • . 
by  any  eflfects  prejudicial  to  health.     The  subsurface  water  ha^i  - 
however,  gradually  rising  nearer  to  the  surface,  and  at  the  >ani^ 
fever  had  greatly  increased.     In  Madras,  where  during  drought 
fever  i)re vailed,  during  the  southwest  monsoons  large  distrkb 
flooded  and  fevers  became  prevalent.     It  was  observed  in  the  Pu^ 
that  the  fever  appeared  not  to  have  been  generated  so  much  li': 
heavy  rains  as  from  the  conditions  which  follow  them,  and  theni 
required  is  the  rapid  removal  of  water  to  prevent  stagnation 
almost  all  low-lying  trac^ts  saturated  with  moisture  the  pei>iiit 
fever-stricken.     Captain  Galton  sums   up  by  saying:    "The  • 
evidence  shows  the  high  fever  death  rate  to  be  lai^ely  dii»*  *" 
stagnating  w^ater  in  the  soil."     The  objections  on  the  score  of  :• 
are,  generally,  defective  drainage,  the  stagnation  of  thewat*-:. 
deterioration  of  well  water  by  infiltration,  or  the  application  ": 
much  water.     These  are  all  remediable  and  within  the  contn^l' 
engineer. 

On  the  line  of  the  Mutha  canals  in  Bombay,  where  sugar  la: 
extensively  cultivated,  it  is  found  that  the  stagnating  water?^  ntt 
by  the  roots  of  the  plants  are  producing  fevers,  and  as  a  codm^i'  ' 
the  government  is  endeavoring  to  reduce  the  area  under  suirar' 
hoping  thus  to  reduce  the  extent  of  the  fever.     In  the  X^)"*; 
Provinces  regular  observations  are  made  of  the  height  of  the  >' 
level,  and  these  are  submitted  annually  with  the  revenue  reports* 
indicating  by  the  rise  of  this  level  the  necessity  for  artificial  di:i ' 
works  to  prevent  supersatu ration  of  the  soil. 

Another  of  the  more  important  ill  effects  of  irrigation  is  tht*  pr 
tion  of  alkali,  or  the  efflorescence  of  alkaline  salts  on  the  surf.i  - 
lands  irrigated.     That  the  effect  of  irrigation,  however,  is  n«'t  . 
gether  bad  in  this  respect  may  be  surmised  from  the  following nJ' 
made  before  the  famine  commission  by  Major  Grey,  C.  S.  I.:' 

Canal  irrigation  has  rendered  fit  for  cultivation  large  tracts  in  the  I>» 
Stiite  which  were  utterly  unculturable  because  of  alkali,  and  that  when   - 
irrigated  the  salts  were  washed  off  or  driven  into  the  soil. 

Mr.  E.  O'Brien  testified  to  practically  the  same  effect,  »u<l  ^ 
that  if  properly  effected  canal  irrigation  is  a  cure  for  effloren- 
Mr.  K.  C'.  Corbin  found  that  on  lands  covei^ed  by  efflorescvn:  ^ 
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lal  waler  has  eradicated  the  evil  of  alkalinity,  and  that  land  l^efore 
rtliless  is  now  highly  pix)ductive. 

n  all  probability  the  most  valuable  report  on  the  effects  and  causes 
alkalinity  was  that  made  by  the  *'  Reh"  (alkali)  commission  for  the 
garh  district  of  northern  India,  of  which  Mr.  H.  S.  Reid  was  presi- 
it,  and  amon^  the  members  of  which  were  Mr.  Medlicott,  the  super- 
ondent  of  the  geological  survey  of  India,  Mr.  Burch,  the  director 
agriculture  and  commerce,  and  others.  This  report  was  printed 
full  by  Prof.  E.  W.  Hilgard,*  of  the  University  of  California,  and 
substance  is  as  follows: 

?racts  rendered  unculturable  by  excess  of  alkali  exist  more  or  less 
oughout  the  Northwest  Provinces  of  India,  but  it  is  due  to  the 
roduction  of  extensive  irrigation  works  that  no  appreciable  increase " 
the  area  of  alkali  lands  is  perceptible.  In  the  earlier  of  these  irri- 
ion  works  no  provision  for  drainage  was  made,  and  they  were 
iply  built  for  the  purpose  of  affording  an  abundance  of  irrigation 
ter.  Gradually,  however,  it  was  noted  that  crops  began  to  lan- 
ish  and  that  the  lower  lands  were  rapidly  being  converted  into 
limps,  while  on  the  higher  lands  alkali  spots  were  rapidly  enlarg- 
;,  while  new  spots  were  being  formed  where  none  had  previously 
5n  known.  The  cause  was  apparent,  and  there  was  no  difference 
opinion  regarding  it.  Not  only  near  but  within  even  considerable 
tance  from  the  canals  the  subsoil  water  level  has  been  raised  from 
epth  of  50  feet  to  within  a  few  feet  of  the  surface.  This  subsur- 
!e  water  has  brought  up  with  it  by  a  leaching  process  all  the  alkali 
ts  existing  within  the  subsoil  thus  traversed,  and  by  evaporation 
jse  salts  were  diffused  throughout  the  many  feet  of  substrat*a,  accu- 
ilating  at  the  surface  to  such  an  extent  as  to  render  cultivation 
profitable  and  even  to  make  the  soil  absolutely  barren,  covering 
writh  a  white  crust  of  salt.  While  the  committee  agree  that  the 
st  damage  has  been  brought  about  by  the  rise  of  this  subsurface 
ter  by  the  sidewise  soakage  from  the  high-lying  canals,  they  state 
it  the  trouble  has  been  greatly  aggravated  by  the  extravagant  use 
water  by  the  peasants.  The  remedies  suggested  are  as  follows : 
bMrst,  a  deepening  of  the  two  canaLs  so  as  to  lower  their  water  levels, 
tl  hence  that  of  the  soakage  subsurface  level,  at  least  several  feet 
low  that  of  the  land  to  be  irrigated.  Secondly,  they  recommend  the 
ablishment  of  a  system  of  drainage.  It  unfortunately  happens  that 
bh  of  these  measures  frequently  offer  great  engineering  difficulties 
a  region  where,  from  the  scantiness  of  rainfall,  the  surface  con- 
•mation  of  the  country  is  not  favorably  sculptured. 
The  investigations  of  the  committee  all  point  in  one  direction,  viz, 
!it  the  introiiuction  of  canal  irrigation  is  the  principal  cause  of 
call  extension,  and  that  when  the  removal  of  soakage  water  takes 
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place  almost  exclusively  by  evaporation,  irrigation  by  caiml 
end  in  a  destructive  crop  of  alkali  where  the  indigenous  resour. 
the  ground  in  that  way  wei'e  comparatively  harmless.     As  a  n 
members  of  the  eommiUee  almost  unanimously  jyroposed  deep  Jr- . 
and  great  importance  was  attached  to  keepinia:  the  natural  dra^ 
of  the  country  open.     No  dams  or  cultivation  shonid  l)e  alU*^'* 
the  natural  drainage  courses,  and  the  more  water  that  can  be  j- 
to  flow  away  from  the  canal  tracts  the  better,  while  any  alkali  :l 
may  carry  away  in  solution  is  so  far  a  gain.     The  committ*^  aj- 
that  the  lavish  use  of  canal  wat^r  which  the  gravity-flow  >}- 
encouraged  cause<l  extensive  saturation  of  the  soil.     As  a  rv>'. 
the  evil  effects  of  irrigation  it  becomes  apparent  that  they  ar*-  j. 
all  produced  by  a  wasteful  use  of  water  and   careless  ali^m»  v 
canals,  advantage  not  being  taken  of  the  natural  drainage  ' ' 
country,  together  with  careless  irrigation  of   those    portioii>  •- 
country  which  are  too  low  to  afford  natural  drainage.     It  is  ait 
that  alkalinity,  once  fairly  developed,  can  never  be  cured  umi^r 
ing  conditions  of  water  level,  and  the  same  is  doubtless  true  of : 
rious  fevers.     The  primary  conditions  of  alkalinity  and  fever  m 
expressed  as  defective  water  circulation,  though  mere  surfaov  1 
age  is  ineffectual  for  the  removal  of  alkali. 

Relative  to  double  cropping  the  soil  the  chief  engineer  of  the  W 
said  in  his  report  for  1889: 

The  area  double  cropped  on  the  Bari  Doab  canal  was  14.1  per  cent  of  rb  * 
area  and  nearly  one-fonrth  of  the  antnmn  crop.    It  seems  to  be  slowly  in-Tv  ^ 
which  is  not  satisfactory,  as  the  practice  is  generally  detrimental  and  exlia. ' 
to  the  soil. 

Similar  opinions  have  been  expressed  by  other  eng^ineers,  a:^ 
practice  of  double  cropping  is  not  encouraged  unless  a<'Compaii: 
the  free  use  of  fertilizers. 

Regarding  the  effect  of  irrigation  on  the  navigation  of  rivers  ;i 
effect  on  riparian  rights,  Col.  Baird  Smith  states:** 

At  the  head  of  the  Jnmna  canals  the  Jumna  River  carries  at  lowseantn. 
four  months,  a  minimum  of  3,500  second-feet.     The  canals  use  3,0<>0  .se**- ' 
leaving  the  river  bed  practically  dry.    At  Agra,  which  is  abont  308  niCt^ 
down  the  same  river,  the  Jumna  carried  at  the  same  i)eriod  about  3.500 :« •■- 
and  is  an  unfordable  stream. 

This  supply  is  derived  from  subsurface  drainage  and  seepap  ' 
canals,  so  that  the  canals  have  not  in  the  least  aflrecte<l  navi::. 
The  Ganges  River  at  Hard  war  carries  at  least  8,000  sectmd-f-* 
which  6,700  second-feet  may  be  abstracted  by  the  canal.  >'^ 
Narora,  lower  down  on  the  same  stream,  and  the  head  of  Th<'  I 
Ganges  canal,  the  stream  is  large  enough  to  admit  of  2,(HX)  setH>r. : 
being  taken  by  that  canal  without  affecting  navigation. 
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WATER  DUTY  AND  EVAPORATION. 

'n  discussing  the  source  of  supply  tlie  engineer  has  to  determine 
)  quantity  of  water  required  and  the  area  of  irrigable  land.  It  is 
)n  necessary  to  determine  the  "duty  of  water"  for  the  crops  to  be 
igated,  the  qualtity  of  the  soil,  and  the  loss  to  be  anticipated  from 
iporation  and  absorption. 

Che  "dut}'^  of  water"  is  an  expression  which  is  used  in  India,  as  in 
5  United  States,  to  indicate  the  area  of  land  which  a  fixed  unit  of 
ter  will  irrigate,  and,  as  in  America,  the  unit  adopted  is  1  cubic 
)t  per  second  of  flow,  or,  as  we  express  it,  1  "second-foot."  In 
■erring  to  the  contents  of  reservoirs  the  Indian  engineers  usually 
ote  them  as  holding  so  many  cubic  feet  of  water,  but  owing  to  the 
ficulty  in  dealing  with  the  billions  of  cubic  feet  which  a  large 
jervoir  will  store,  I  prefer  to  use  the  American  unit  "acre-foot," 

which  is  meant  a  quantity  of  water  necessary  to  cover  an  acre 
Loot  in  depth,  or  43,560  cubic  feet.  In  designing  canals  in  India 
3  expenditure  is  frequently  reckoned  per  linear  mile  of  canal,  and 
is  has  been  found  to  be  generally  from  6  to  8  cubic  feet  per  mile, 
ch  a  method  of  computation  is  possible  only  when  the  main  and 
anch  lines  of  canals  have  been  previously  determined,  as  it  enables 
B  engineer  to  regulate  the  cross  sections  of  the  canal  along  its  entire 
igth,  diminishing  the  same  as  the  water  is  expended. 
The  duty  of  water  differs  greatlj^  with  different  soils  and  crops,  and 
s  usually  to  be  determined  by  the  engineer  for  each  locality.  The 
llowing  results  indicate  the  variability  of  duty  as  discovered  in 
dia.  On  the  Mutha  canals,  near  Poona  in  Bombay,  the  duty  of 
iter  in  1888,  during  the  autumn  season  of  four  months,  was  as  fol- 
ws:  Wheat  required  2.18  acre-feet  per  acre  irrigated,  or  the  water 
rformed  a  duty  of  170  acres  per  second-foot.  Sugar  cane,  however, 
quired  19  acre-feet  per  acre  irrigated,  the  water  performing  a  duty 

43  acres  i)er  second-foot. 

Sir  P.  T.  Cautley,  from  results  obtained  experimentally  on  the  Delhi 
id  the  Doab  canals  in  1845,  discovered  that  for  that  region  800  sec- 
id- feet  constant  discharge  was  a  fair  irrigation  supply  for  100  miles 

length  of  canal,  assuming  that  a  district  having  an  area  on  each  side 

the  canal  from  4  to  5  miles  wide  would  be  irrigated.  On  each  100 
lies  he  discovered  that  the  canal  would  irrigate  237.4  square  miles, 
id  allowing  that  only  one-third  of  the  area  controlled  was  irrigated, 
le  above  supply  would  suffice  for  820  square  miles. 
Hefore  proceeding  to  a  further  consideration  of  the  duty  of  water,  it 
ill  perhaps  be  well  to  examine  some  of  the  theories  regarding  its 
?termination.  The  following  remarks  are  liberally  quoted  from  an 
ctremely  interesting  investigation  of  this  subject  made  by  Mr.  J.  S. 
eresford,^  executive  engineer  in  the  irrigation  branch  of  the  Indian 
ablic  works  department.  Northwest  Provinces. 
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Theoretically,  1  cubic  foot  of  water  running  for  h  month  wiil  •- 
an  area  of  60  acres  to  a  depth  of  1  foot.     It  is  i^enerally  held  t! 
inches  is  a  safe  allowance  for  one  watering.     Mr.  Beresford  b»  «•• 
opinion,  however,  that  more  than  2  or  3  inches  is  rarely  given.    In  •" 
to  determine  the  depth  of  moistened  soil,  the  following  exper.v 
was  made  on  July  25,  when  a  fall  of  5.5  inches  of  rain  was.firair" 
the  Mankri  station.     About  five  hours  after  the  cessation  of  thi^ : 
fall  the  field  examined  was  covered  with  a  film  of  water  avenidu' 
inches  in  depth.     Several  holes  were  dug,  and  the  depth  of  iimj^t*^: 
soil  was  found  to  be  from  16  to  18  inches.     In  other  fields  near  by.: 
from  surface  water,  the  depth  was  from  12  to  18  inches — ^that  b. 
minus  1.5,  or  4  inches  of  water  will  moisten  ordinary  loam  to  a  d- 
of  from  16  to  18  inches.     A  few  days  previously  holes  had  be^-u    - 
in  irrigated  fields  of  the  same  soil  that  had  been  recently  watered, 
the  depth  of  moistened  earth  was  found  to  be  fi-om  11  to  12  in-   • 
On  the  30th  the  1.5  inches  of  standing  water  had  disappean^i 
more  holes  were  dug;  one  in  a  low  place,  the  other  w^here  the  c 
seemed  a  few  inches  higher.     The  depth  of  water  in  the  foiu*' 
34  inches,  in  the  latter  18  inches.     The  conclusion  reache<i  ^»..- 
the  ground  absorbed  the  rain  uniformly  everywhere  up»to  a  fall 
inches  in  ten  hours,  the  duration  of  the  storm  referred  to.     What 
in  excess  accumulated  in  low   places  and  soaked  those  to  a  n. 
greater  depth. 

Not  a  drop  of  rain  had  fallen  before  the  25th  of  July  exct^i'-'  - 
fraction  of  an  inch  on  the  5th  and  9th,  which  softened  the  irr> 
sufficiently  for  plowing.     Allowing  4  inches  as  the  depth  require 
one  watering,  and  that  in  the  hottest  weather,  this  is  given  only    • 
a  month — for  if  watered  oftener  a  proportionately  less  quantity ' 
suffice — the  theoretical  duty  of  1  second-foot  of  water  is  iM^acn^ 
the  summer  months.     In  the  autumn,  however,  crops  are  rarely  l: 
more  than  two  waterings,  many  only  one,  and  the  theoretM-al  ' 
during  the  autumn  season,  allowing  the  watering  to  be  lighter ' 
in  the  summer  and  probably  about  as  frequent,  ought  to  be  '3i\'  .i '  ^ 
or  the  theoretical  duty  in  the  locality  examined  should,  for  the)'* 
be  500  acres. 

The  actual  duty  obtained  on  the  best  divisions  of  the  Ganges  <':4 
in  the  neighborhood  under  examination  is  not  over  160  to  l*^"^*'  " 
per  second-foot,  or  about  one-third  of  the  assumed  theoretical  «i 
There  are  sufficient  statistics  to  show  what  the  actual  dutv  is. 
next  important  thing  is  to  make  the  theoretical   and  actual  •: 
approach  as  closely  as  practicable.     Considering  the  Ganges  i^iu> 
a  great  machine,  its  principal  parts  are  the  main  canal,  the  d!>fr 
taries,  the  village  water  courses,  and  the  cultivator  who  appHfr 
water.     Each  cubic  foot  entering  the  head  is  expended  principal^: 
follows: 

(1)  In  waste  by  absorption  and  evaporation  in  the  main  ^ 
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f)  In  waste  from  the  same  causes  in  the  distributaries  and  in  the 
illage  water  courses.  (3)  In  waste  through  carelessness  of  the  culti- 
itors  in  not  distributing  the  water  evenly,  or  in  allowing  the  ground 
i  get  saturated  to  an  unnecessary  depth.  (4)  In  useful  irrigation  of 
le  land.  The  object  is  plainly  to  increase  the  last  by  reduction  of 
asto  through  all  the  rest. 

From  a  consideration  of  the  actual  duty  obtained  by  various  exper- 
iionts  as  compared  with  the  theoretical  duty  Mr.  Beresford  shows 
uit  the  efficiency  of  the  canal  under  consideration  is  sometimes  as 
»w  as  25  per  cent.  The  next  i)oint  established  by  him  is  the  nature 
F  the  waste  called  absorption  and  evaporation,  and  what  proportion 
I  due  to  each.  This  discussion  is  extremely  interesting.  The  loss  by 
vaporation  is  the  first  considered.  Taking  a  distributary  30  miles 
^ng  with  a  water  surface  averaging  10  feet  wide,  the  loss  by  evapora- 
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fion  x)er  second  in  this  length  of  water  course  would  be  0.8  of  a  cubic 
foot  by  computation,  and  assuming  that  the  area  of  water  surface  in 
the  village  channels  equals  twice  the  surface  in  a  mile  of  the  distribu- 
tary, the  loss  by  evaporation  in  all  the  village  channels  would  be  1.6 
cubic  feet,  or  the  whole  loss  by  evaporation  on  the  distributary  30 
miles  long  with  its  minor  water  courses  would  be  over  2.5  second-feet, 
or  about  5  per  cent  of  the  probable  discharge.  From  this  we  see  that 
evaporation  is  not  of  so  much  consequence  as  far  as  the  different  chan- 
nels are  concerned  even  in  the  hottest  weather,  and  may  be  neglected 
in  the  autumn  season.  The  chief  loss  must  therefore  be  due  to  percola- 
tion and  absorption.  The  former  may  l>e  said  to  be  due  to  cultivation, 
the  latter  to  capillar}'  attraction. 

With  the  aid  of  the  accompanying  illustrations  (fig.  1)  the  following 
discussion  will  be  readily  appreciated.  Absorption  is  a  more  compli- 
cated process  than  percolation.     The  latter  takes  place  in  bowlders 


70  IRRIGATION   IN    INDIA. 

or  coarse  s^ravel  in  a  manner  similar  to  that  by  which  wal<;r  i^* 
through  pipes  or  strainers  in  the  bottom  of  a  vessel,  and  the  qu^ii 
discharged  per  second  will  depend  on  the  size  of  the  int.erstiee»  •  * 
stones,  their  number,  the  head  of  the  water,  etc.      The  thicker  • 
bank  through  which  the  water  is  escaping,   the    longer  and  l 
broken  the  channels  of  escape  will  be  and  the  greater  the  fri.* 
but  the  question  of  discharge  depends  on  the  same  principles  a-  ^ 
the  discharge  through  pipes.     If  the  gravel  is  considered  to  bif  br  • 
into  ver>^  fine  sand  and  the  embankment  formed  of  this  materui. ' 
principles  of  discharge  are  quite  changed.     The    interstices  ar^  ' 
very  small  and  act  in  the  same  manner  as  do  capillary  tul»^, 
empty  the  water  rushes  in  and  fills  the  cavities,  and  if  the  i)artielt- . 
sufficiently  fine  they  are  rammed  close  together,  and  the  embanki. 
is  of  a  certain  width,  the  water  is  retained  in  the  cavities  with  irr^ 
force  than  that  due  to  the  hydrostatic  head  pressing  it  through.  T 
force  that  thus  retains  the  water  is  termed  capillarity,  and,  ahn  . 
it  may  in  reality  be  the  same  thing  as  gravitation,  it  may  in  this 
cussion  be  considered  as  quite  a  separate  force. 

Fig.  1,  No.  1,  represents  a  channel  in  a  gravel  soil  or  one  ajnip- 
of  coarse  sand,  and  the  dots  indicate  the  manner  in  \^hieh  the  * . 
would  trickle  through  the  ground.     No.  2  represents  what  would  j- 
ably  take  place  if  the  action  of  gravity  were   suspended  an«I  -■ 
absorption  brought  to  play  in  a  homogeneous  soil.      But  gravity,  ^ 
is  always  in  play,  modifies  this  capillary  action,  and  the  watt-r  . 
actually  to  follow  the  resultant  of  two  forces.      No.  3  explaiii>  ' 
action,  where  the  straight  lines  and  their  resultants  indicate*  th^ 
tance  to  which  capillarity  and  gravity  alone  and  combined  will  «.. 
the  particles  of  water,  and  the  result  would  be  as  shown  in  No.  4 

That  absorption  does  not  make  itself  more  visible  in  hi*^h  ^m\^x 
ments  is  due  to  two  reasons,  the  first  being  that  the  soil  in  low  p\t 
is  much  more  clayey  than  elsewhere,  and  there  only  are  hi«»h  enil... 
ments  constructed,' and  the  second  that  absorption  ceases  wh«i: 
absorbing  medium  is  limited.     In  an  embanked  channel  the  aid- 
ing medium  immediately  stops  at  the  outer  slope,  and  onlv  whai 
evaporated  is  made  good  by  absorption.     If  we  dig  a  hole  in  a  1 
of  sandy  soil,  as  represented  in  No.  5,  and  the  hole   be  filltni  « 
water,  this  will  dry  up  in  a  few  moments,  but  if  a  layer  of  ib; 
spread  on  the  ground,  as  in  No.  6,  and  an  inclosure  made  witl 
same  sandy  soil  rammed  as  a  natural  bank  and  filled  with  water, 
latter  will  not  decrease  beyond  what  the  banks  at  first  absorh.    i 
the  first  instance  the  absorbing  medium  is  unlimited ;  in  the  j**-  ^ 
it  is  limited  to  the  soil  in  the  embankment.     It  is  for  this  reason  a 
that  sandy  embankments  can  dam  up  w^ater  at  all.     A  very-  ini^^r** 
ing  experiment  suggested  by  Mr.  Beresford  well  illustrates  this  a*  t 
Take  a  bottle  and  close  the  mouth  tightly  with  a  small  piece  of  sp<'-  - 
If  the  bottle  is  then  turned  upside  down,  the  sponge  will  beet>m"  - 
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•ated,  but  unless  pressed  by  the  finger  will  give  out  mo  water.  If 
lotber  large,  dry  sponge  is  placed  in  contact  with  it,  the  water  at  once 
^gins  to  flow  through  the  sponge  in  the  neck  of  the  bottle,  and  this 
>ntiiiues  until  the  second  sponge  can  absorb  no  more. 
We  may  fairly  conclude  that  it  is  the  layei*  next  the  wetted  perim- 
;er  that  limits  the  quantity  absorbed;  that  the  greater  its  area  the 
ore  it  will  pass  through  to  the  still  greater  area  of  the  next  layer. 
verything  being  equal,  we  may  say  that  absorption  varies  as  the 
etted  perimeter.  Hence,  for  sections  of  canals  of  small  length  we 
I  ay  take  the  loss  as  being  so  much  per  mile,  but  in  general  the  dis- 
liarge  and  wetted  perimeter  decrease  with  the  length,  but  the  latter 
ot  nearly  in  the  same  proportion  as  the  former.  Thus  the  loss  up  to 
ny  point  may  be  found  when  the  loss  between  two  other  points  is 
>und.  The  total  loss  up  to  any  i)oint  is  the  loss  in  the  first  mile 
lultiplied  by  some  function  of  the  length.  This,  in  some  cases,  has 
een  found  equal  to  five-sixths. 

Mr.  Beresford  next  enters  into  an  interesting  computation  in  which 
he  efficiencies  of  the  various  causes  of  waste  are  considered  as  alge- 
braic factors  with  the  numerical  values  determined  as  above,  while 
he  efficiency  of  the  cultivator,  which  varies  within  wide  limits,  is 
aken  as  being  between  0.5  and  0.9,  where  unity  represents  his  effi- 
jiency  at  the  theoretical  limit.  He  finds  the  loss  from  percolation  to 
>e  1.25  cubic  feet  in  the  first  mile,  and  in  long  lengths  of  canal  about 
i  quarter  of  a  cubic  foot  per  mile.  The  final  result  obtained  indi- 
cates that  for  each  cubic  foot  entering  the  distributary  only  0.68  is 
available  for  fields  beyond  the  tenth  mile. 

The  remedies  heretofore  applied  to  lessen  these  defects  have  been 
few.     The  distributary  of  to-day  is  the  same  as  that  of  thirty  years 
ftgo,  so  far  as  construction  of  channel  is  concerned.    The  minor  water 
courses  are  rarely  constructed  or  attended  by  an  engineer,  and  as  a 
rule  are  badly  aligned  and  constructed  and  not  maintained.     The 
cultivator  is  the  only  part  of  the  machine  which  has  been  improved. 
Mr.  Beresford  is  of  the  opinion  that  the  widest  field  for  improvement 
is  in  the  minor  water  courses.     The  same  applies  to  the  private  irri- 
gating channels  of  the  farmer  of  our  own  West.     These  minor  chan- 
nels are  certainly  on  an  average  25  per  cent  longer  than  need  be. 
They  even  run  a  long  distance  through  sandy  ground,  which  absorbs 
a  great  proportion  of  water.     The  size  of  discharge  of  the  module  or 
regulator  is  frequently  not  suited  to  the  length  or  conditions  of  the 
water  course;  and  two  different  water  courses  sometimes  run  side  by 
side,  thus  increasing  the  wetted  i)erimeter  and  the  consequent  loss. 
The  first  recommendation  made  by  Mr.  Beresford  is  in  all  cases  the 
construction  of  a  good  map.     This  is  desired  by  all  canal  engineers, 
but  it  is  rarely  made,  because  it  is  thought  to  mean  an  endless 
amount  of  surveying.     The  saving  from  the  construction  of  such  a 
map  would  be  more  than  paid  for  in  the  saving  of  water.     It  is  rec- 
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omraended  that  all  small  water  courses  be   puddled  when  rorr 
through  sandy  soil.     A  layer  3  inches  thick  (fig.  1,  No.  7)  wouM  - 
fice.     If  the  cost  of  this  was  as  much  as  $100  per  mile  it  wonW  i 
exorbitant,  for  in  the  length  of  a  mile,  if  the  discharge  at  the  V 
is  1  second-foot  and  the  loss  25  per  cent,  the   saving  effecte^i  *- 
increase  the  duty  by  from  20  to  40  acres. 

The  losses  in  distributaries,  although  proportionately  less  tl-. 
the  minor  channels,  are  often  large,  especially  in  new  channels, 
particles  of  sand  or  silt  carried  in  suspension  are  usually  dropi'^ 
the  upper  reach,  but  particles  of  clay  or  very  fine  sand  are  oarr 
the  very  tail  and  are  often  deposited  on  the  sides  and  bed  to  s  o '  * 
erable  thickness,  forming  a  more  or  less  impervious  lining  or  silt  U 
The  deposit  on  the  bed,  even  a  long  way  down,  is  more  chargeti  -^ 
sand  than  is  the  berm.     The  sand  being  heavier,  drops  to  the  gr  i 
and  as  it  is  rolled  along  picks  up  the  lighter  particles  of  cIat.   1 
not  recommended  that  the  sides  of  the  distributaries  be  puddled  *.: 
in  the  first  few  miles,  but  the  bed  in  sandy  soil  might  be  adv 
geously  puddled  everywhere  to  a  thickness  of   several  ineh«« 
temporary  measure  suggested  by  Mr.  Beresf ord  is  to  collect  clay 
breaking  it  into  fine  particles,  throw  it  in  near  the  canal  heati  * 
the  falls,  when  the  action  of  the  water  will  thoroughly  break  n; 
clay  and  carry  it  into  the  berms  and  water  courses  miles  below,  t 
rendering  them  impei^vious. 

In  1867  Mr.  E.  C.  Palmer,  executive  engineer  of  the  irrigation  ▼«' 
Northwest  Provinces,  made  some  interesting  exj>erimeuts  in  tht-  ^ 
direction  on  the  Bari  Doab  canal.^    Among  other  experiment>  • 
ducted,  one  was  made  to  determine  the  time  required  to  satunn*'^ 
oughly  an  acre  of  ground.     In  these  experiments  the  discharge  ur ' 
were  15  feet  in  length,  each  of  the  same  dimensions  and  working' i:' 
the  same  heads.     The  experiments  were  repeated  on  different  vhT' 
of  land.     It  was  found  that  an  average  depth  of  3  inches  of  wat*: 
the  whole  surface  represents  a  thorough  watering  on  average  soil.  ; 
sandy  soil  it  was  as  much  as  4  inches.     This  gives  10,454  cubk:" 
or  about  one-fourth  acre- foot,  as  the  volume  required  to  wh:* 
acre.     In  ordinary  soil  the  average  is  actually  a  little  overt'.-' 
foot,  or  0,150  cubic  feet.     In  these  experiments  the  quantity  of  *"* 
varied,  according  to  the  soil  and  other  circumstances,  between' 
and  14,500  cubic  feet  per  acre  for  one  watering,  and  the  time  iv«r. 
to  water  an  acre  varied  from  two  to  twelve  hours.     In  the  dn*  sr^'-^ 
wheat  required  four  waterings  and  10,500  cubic  feet  of  water.   ^ 
the  first  watering,  in  order  to  prepare  the  ground  for  plowing  and  - 
ing,  8,000  cubic  feet  wei-e  required,  and  the  same  amount  forfa'< 
the  remaining  four  waterings  on  the  standing  crop.     An  acre  of  vt' 
therefore,  required  42,500  cubic  feet  to  mature  the  crop,  or  nearh 
acre-foot  of  water  per  acre.     At  the  prices  then  current  the  cost  t<' 
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bate  Mr  as  75  cents  per  acre  and  the  water  rate  derived  was  $1.00  per 
?re.  The  time  required  to  cover  an  acre  of  land  was  0.445  day,  or 
2  acres  per  day.  For  standing  crops  the  rate  is  about  4.4  acres  per 
ay,  as  they  ordinarily  require  not  more  than  half  as  much  water  as 
;  necessary  for  plowing. 

The  losses  by  evaporation  and  absorption  and  the  duty  of  water  are 
OMT  'well  known  in  India  on  the  various  lines  of  c^inal  and  for  the 
iimeroTis  reservoirs  that  have  been  in  operation  for  many  years.  In 
le  Northwest  Provinces  the  duty  of  water  for  the  year  1888  varied, 
>r  different  crops,  from  120  to  194  acres  per  second-foot,  and  the 
loney  value  was  from  $143  to  $286  per  second-foot.  From  experiments 
onducied  on  the  Betwa  canal  in  the  same  province  it  appears  that 
lixed  sugar-cane  and  indigo  crops  (which  need  much  water)  required 
total  volume  in  eighty  days  of  310,000  cubic  feet  per  acre  for  wet- 
reather  crops,  while  the  autumn  crops  required  150,000  cubic  feet,  or 
,bout  3i  acre-feet  per  acre.  In  some  experiments  made  on  the  Nira 
anal  to  ascertain  the  amount  of  wheat  which  could  be  irrigated  in  a 
^iven  period  of  time,  it  was  found  that  with  a  second-foot  of  flow  8 
teres  of  wheat  could  be  irrigated  in  twenty-four  hours. 

In  estimating  the  supply  of  water  necessary  to  irrigate  a  given  area 
>f  land  it  has  been  found  from  actual  experiment  that  a  large  propor- 
tion of  the  land  covered  by  any  given  irrigation  system  is  always 
mirrigated  and  that  water  need  only  be  provided  for  a  certain  small 
percentage  of  the  total  area  of  irrigable  land.     This  land  is  not  irri- 
i^ated  for  several  reasons.     It  may  be  occupied  with  buildings  or  roads 
>r  be  in  use  as  pasturage.     A  certain  proportion  receives  water  by 
seepage  from  adjacent  irrigated  fields,  and  another  portion  is  occupied 
by  towns  and  villages.     In   drawing  up  the  projects  of  the  great 
canals  in  the  northwest  it  was  found  by  data  derived  from  experience 
on  the  Jumna  canals  that  each  second-foot  of  discharge  was  capable 
of  irrigating  218  acres,  and  it  was  reckoned  that  for  each  acre  irri- 
gated there  would  be  2  other  acres  unwatered.     Hence  each  second- 
foot  represented  a  duty  of  654  acres,  or  approximately  1  square  mile. 
In  drawing  up  the  project  for  the  Soane  canals  in  Bengal  Colonel 
Dickens  reckoned  three-quarters  of  a  second-foot  to  every  square  mile 
of  gross  area.     To  date  the  Soane  canals  have  been  in  operation  fifteen 
years,  and  yet  there  is  a  demand  now  for  not  over  100  acres  in  640,  and 
the  system  of  distributaries  as  designed  for  these  canals  has  proved 
to  be  unnecessarily  elaborate.     In  the  Punjab  it  is  customary  to  design 
works  to  irrigate  only  from  20  to  30  per  cent  of  the  area  covered,  and 
where  water  for  more  is  demanded  it  is  usually  not  given,  as  it  is  bad 
for  the  land,  producing  water-logging  and  its  consequent  evils.     The 
experiments  made  on  the  eastern  Jumna  canal  in  1845  showed  that 
on  the  Saharanpur  division  one-fifth  only  of  the  total  area  cultivated 
was  actually  watered,  and  on  the  two  other  principal  divisions  the 
percentages  were  one-fourth  and  one-third,  resx)ectively.     A  similar 
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experiment  conducted  the  same  year  on  the  i^eestem  Jumna  va^ 
showed  that  of  the  total  area  cultivated  from  one-lialf  to  oneTii 
only  was  actually  watered. 

In  gaging  the  velocity  of  discharge  of  rivers  in  India  floats  an-  >: 
ally  employed.     In  some  of  the  great  rivers  where  t  here  are  weirs  -  : 
structed  the  depth  of  water  passing  over  these  weirs  gives  a  mea.- 
of  the  volume  of  discharge;  in  a  few  cases  only  are  current  m*r'^ 
used.     In  the  canals  the  discharge  is  almost  invariably  obtaiDed  \ 
means  of  wooden  floats,  sometimes  floating  on  the  surface  and  ><t^ 
times  submerged.     These  are  timed  for  given   distances,  u>::a^ 
marked  out  in  an  aqueduct  or  other  portions  of  the  channel  vli- 
permanent  gage  rods  are  established.     On  the  minor  distribaur  • 
V-shaped  well's  are  in  general  use  for  th^  measurement  of  disehiir.- 


CHAPTER  VI. 

T^BILiIiS  AXD  INUNDATION  AND  DEI.TAIC  CANAIJS. 

WELLS. 

As  before  stated  in  classifying  the  irrigation  works,  lift  irrigation 
•om  wells  is  extensively  practiced  throughout  India.  Wells  are  eco- 
omically  among  the  most  important  irrigation  works  in  India,  because 
ley  are  the  most  general.  They  vary  in  depth  from  10  to  60  feet, 
nd  may  he  unlined  if  shallow,  lined  with  stone  dry-packed,  or  with 
lasonry. 

The  monies  of  lifting  water  from  wells  are  of  different  kinds,  viz,  by 
leans  of  a  bucket  raised  by  a  well-sweep  and  called  the  paecottah, 
xtensively  used  in  Bengal;  by  means  of  a  mot,  whereby  a  leathern 
ag  is  raised  from  the  well  by  bullocks  walking  away  with  a  rope — 

method  that  is  practiced  most  extensively  in  the  Northwest  Prov- 
ices,  in  central  India,  and  Bombay — and  lastly,  by  means  of  the 
*ersian  wheel  (PL  IV,  A),  employed  chiefly  in  the  Punjab.  As  an 
ndication  of  the  extent  to  which  wells  are  employed  in  irrigation,  we 
Ind  in  the  Central  Provinces  650,000  acres  irrigated  from  tanks,  while 
20,0f»0  acres  are  Irrigated  from  wells.  In  Madras  there  are  31,000,000 
kCres  under  cultivation,  of  which  5,320,000  acres  are  irrigated  by 
:anal8  and  tanks,  and  2,000,000  acres  by  400,000  wells.  In  the  North- 
v^est  Provinces  in  1888  the  area  irris:ated  by  wells  was  358,600  acres, 
>r  23.6  per  cent  of  the  whole  area  under  cultivation.  In  Coimbatore 
here  are  said  to  be  100,000  wells  sunk,  in  many  c^ses  through  hard 
'ock,  to  a  depth  of  80  or  90  feet,  and  capable  in  ordinary  seasons  of 
rrigating  from  1  to  4  acres  each.  As  a  contrast  with  the  utility  of 
:anal  or  tank  irrigation  it  has  been  estimated  that  the  Ganges  Canal 
ilone  replaces  the  work  of  300,000  men  and  1,300,000  bullocks,  besides 
ncreasing  the  value  of  crops  irrigated  by  wells  by  50  per  cent. 

The  paecottah  of  southern  India,  also  called  the  lat  in  upper  India 
:)r  in  Egypt  the  shadouf  (fig.  2),  is  usually  worked  by  two  men  who 
iabor  from  six  to  eight  hours  daily.  Authorities  estimate  that  thej'^ 
will  raise  from  400  to  2,000  cubic  feet  per  second  per  day.  From 
moderate  depths  three  men  working  two  paecottahs  will  water  three 
acres  a  season.  The  mot  (fig.  4)  is  a  leathern  bucket  made  of  a  whole 
oxhide,  and  is  raised  by  two  bullocks  walking  down  an  incline  and 
drawing  after  them  the  rope  attached  to  it.     When  the  bucket  reaches 
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the  surfftce  it  is  emptied  automatically  or  by  an  attendant.  It  i 
bay  the  bullocks  usually  return  by  walkiiitj  bat-kward;  elst^wh*-- 
are  not  trained  to  do  this,  and  they  face  alMxit  to  return  il'i.7 
Sometimes  two  yoke  of  oxen  are  used  hitched  alternately  tolUr 
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From  the  Calcutta  Engineers'  Journal  it  appears   that  two  Iw 
workiiig  ten  hours 
the  mot  1C2,0(K>  cut 


cally 


im  T.n«  i^Hicuna   cu{;meers   .luuriini  ii>  HjjpeurH    mar   two 
■kiiig  tell  hours  a  day  for  a  season  of  ninety  days  will  i 
e  mot  1C2,0(K>  cubic  feet  of  water,  or  about  3}  acre-feet- 
Tho  Persian  wheel  {fig.  -f)  consists  of  a  large  wheel  revolvini: 
.Ily  ill  a  shallow  well.     On  ita  outer  peripherj-  are  a  larjjo  dui; 
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all  IniokvUt.     These  lift  the  water  and  empty  it  into  a  trough, 
enai  it  runs  into  the  ditched.     The  wheel  is  made  to  i-evolve  by 
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'ftiin  of  n  cogged  gearing  and  is  turned  by  two  bollocks  walking  in 
circle  and  liifehed  to  ft  horizontal  sweep.  By  this  nietho<l  it  is  esti- 
itcd  that  id, 000  cubic  feet  of  water  may  be  raised  per  day. 
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INUNDATION  CANAI.S. 

The  inundation  canals  of  India  have  been  constructed  and  are  chi 
nsed  5n  the  valley  of  the  Indns,  and  as  they  have  no  permanent  I 
works  they  depend  for  their  utility  on  two  conditions  generally  a^*^ 
in  the  United  States.     First,  the  stream  from  which  an  inundv 
canal  is  taken  must  flow  at  a  high  elevation  relative  to  the  snrf*': 
the  surrounding  country;  that  is,  its  bed  must  be  practically"'/ 
summit  of  a  ridge,  as  is  the  case  with  the  lower  Sacramento  and  X- 
sissippi  rivers.     Second,  the  river  must  be  subject  to  great  ait- 
floods  lasting  through  a  long  period.     Inundation  works  have  V 
among  the  most  profitable  canals  operated  in  India,  chiefly  be<aii^ 
their  simplicity  of  construction.     As  a  general  thing  the  inmnLj 
canals  diverted  from  the  rivers  of  the  Punjab  and  Sind  areny-- 
irrigate  the  lowlands  only.     Cuts  are  made  from  the  river  inlAi;! 
a  certain  distance,  thence  the  canal  line  follows  the  general  sl'>> 
the  country.     By  these  canals  the  autumn  crop  is  watered  vbe:: 
river  is  in  flood.     Large  quantities  of  silt  are  left  in  the  beds  of 
canals  or  heax)ed  up  at  their  mouths,  varying  from.  1  to  S  feet  in  dt; 
and  this  is  cleaned  out  during  the  cold  season.     From  the  main  > 
the  water  is  distributed  to  the  flelds  by  branch  canals  and  minor  c 
nels  in  a  mode  similar  to  that  employed  in  irrigating  from  other  c^l 

There  are  no  works  at  the  heads  of  inundation  canals  to  conin 
supply  of  water.     They  are  constructed  on  rivers  whose  courses  s"^  • 
uncertain  that  they  may  at  any  time  desert  the  head,  when  the  ^ . 
will  have  to  be  brought  into  the  canal  by  a  new  mouth  excavat*^- 
next  season.     Under  any  circumstances  the  deposit  of  silt  at  th«*  ^ 
is  considerable  and  would  naturally  be  increased  by  anything  \i 
shape  of  a  dam.     The  labor  in  clearing  the  silt  is  a  heavy  ar 
charge  on  the  benefits  received  from  the  water  and  the  nnn:^ 
deserted  channels  in  various  parts  of  the  country  show  tiiat  u 
carefully  maintained  these  canals  soon  become  useless. 

Channels  thus  opening  direct  from  the  river  and  unprovidejl  • 
regulating  works  are  subject  to  several  disadvantages.    The  on- 
of  a  river  may  set  on  the  mouth  of  the  canal  or  on  the  bank  awi  ^ 
it  away.     The  supply  may  become  too  great  in  the  large  flotxls  «>r 
be  altogether  cut  off  owing  to  the  destruction  of  the  head  or  the  «' 
ing  of  the  course  of  the  river.     The  violent  action  on  the  month"' 
channel  may  be  checked  to  a  certain  extent  by  revetment-sand  p  • 
and  other  river-training  works,  but  these  also  have  the  effect  of  d' 
ing  the  action  of  the  stream  from  its  natural  course  and  may  thr 
away  from  the  canal  head. 

Nearly  all  Indian  rivers  from  which  inundation  canals  are  di^*^' 
flow  in  broad  curves  through  wide  flood  plains.     At  places  when 
curves  have  changed  are  extensive  depressions   eontaininjr  ^' 
called  dunds  in  Slnd  and  sotas  in  Bengal.     These  are  similar  1 
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tpeots  to  the  bayous  or  lagoons  of  the  Lower  Mississippi  and  neigh- 
ring  rivers.  These  depressions  are  frequently  ihe  sites  of  the  heads 
inundation  canals,  though  not  infrequently  such  canals  head  in 
3  true  bank  of  the  main  river  from  which  they  draw  their  sapply, 
le  object  in  using  dunda  as  oanal  heads  is  that  they  are  much  larger 
an  the  canals  they  feed,  and  as  the  velocity  through  them  is  corre- 
ondingly  low,  silt  which  would  otherwise  be  deposited  in  the  canal 
deposited  in  the  dunds,  thus  reducing  the  cost  and  difficulties  of 
nal  clearaoce." 

Experience  seems  to  have  taught  the  native  rulers  of  India,  who 
nstructed  most  of  the  inundation  canals,  the  necessity  of  locating 
ad-works  at  points  where  they  would  be  screened  from  the  full  force 
the  current  during  flood.  Experiments  by  Colonel  Tremenheere, 
E.,  on  these  show  that:  1.  Inundation  canals  which  draw  their  siip- 
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ly  from  branches  separated  from  the  main  river  by  islands  covered 
y  brushwood  and  long  grass  contain  a  comparatively  small  amount 
:  suspended   matter.     2.  Canals  having  their   heads  in  the  main 

ream  where  the  velocity  is  normal  usually  contain  silt  to  the  extent 
f  one  three-hundredths  by  weight,  and  that  about  one-third  of  this 
uantity  may  be  deposited  in  the  canals.  3.  Canals  having  their 
eads  in  the  main  streams  at  a  point  where  the  channel  is  restricted 
nd  the  velocity  increaaed  may  contain  silt  to  the  extent  of  one  two- 
undredths  by  weight,  of  which  one-half  may  be  deposited  in  the 
inal. 

Ill  the  Punjab  the  inundation  canals  begio  to  fill  with  water  about 
le  last  of  April  and  run  dry  towai-d  the  end  of  September.  During 
!n!  earlier  months,  when  the  flood  is  high,  lift  irrigation  is  practiced, 
'lie  superiority  of  the  river  water  for  agricultural  irrigation  over 

"  Buckler,  B-  B.,  Irri^tion  Works  In  India  and  Egypt,  E.  A  P.  N.  Spou,  London,  UOa,  |i.  18. 
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well  water  is  demonstrated  by  the  fact  that  near  the  heads  of  ' 
Punjab  canals  the  cultivators  prefer  to  pay  canal  rates  and  to  lift  :V 
water  from  the  canals  rather  than  from  wells. 

The  freshets  in  the  Indus  commence  in  March  and  high  flood  L^s,  •- 
frequent  in  August.    The  lower  stages  commence  at  the  end  of  OotiV- 
The  velocity  of  the  current  in  the  dry  season  varies  from  2f  to  3}iii> 
per  hour.     In  the  freshets  it  is  from  5  to  7  miles  per  hour  and  hasNH 
times  reached  a  maximum  of  8  miles.     The  width  of  the  water  snr:.  ^ 
of  the  Indus  in  low  water  or  the  dry  season  varies  from  l^o(^'>  Xo  \  • 
feet,  the  average  depth  being  from  3  to  6  feet.     The  rise  of  onliri- 
floods  is  from  5  to  7  feet  in  twenty-four  hours  and  averages  >'  f^ 
above  low-water  level.     The  highest  recorded  flood  was  i*2  feet  n^ 
low-water  level. 

From  the  borders  of  the  Punjab  the  Indus  flow^s  for  a  distanw  '»f 
miles  through  an  arid  alluvial  plain,  almost  every  portion  of  whid . 
at  some  time  been  swept  by  the  river  or  its  branches.     Owing  * 
deposits  of  silt  the  bed  and  banks  of  the  river  are  continually  n 
It  has  been  estimated  that  the  Indus  annually  brings  down  suff 
silt  to  form  an  island  42  miles  long  by  27  miles  broad  and  40  fe<^t  a- 
When  the  river  bed  attains  a  certain  height  the  water  falls  o\>: 
bank  and  the  river  changes  its  course.     It  is  this  movement  ^l 
causes  the  difficulties  of  irrigation  in  the  Sind,  and  has  resulted  i& 
construction  of  inundation  works. 

Inundation  canals  are  generally  carried  away  from  the  river  /^ 
oblique  direction.  They  vary  from  10  to  300  feet  in  width  and  fn-: 
to  10  feet  in  depth,  and  resemble  natural  water  courses  inori' :: 
canals.  The  following  table  gives  an  idea  of  the  dimensions  o: 
of  the  larger  inundation  canals  in  the  Sind,  and  their  cost  and  k»v»  ■- 
for  the  year  1899-1900: 

Sind  inundation  canala. 


(> 


-r  .- 


Name. 


Main 
canal. 


Discharffo  of 
canal. 


Milcji.     '   Second-feet. 


Begari |        158 

Desert i 

Ghiir I        298 

Snkkur '        130 

Fuleli ....I     1,043 

Jamrao _'        101 


5,664 
3,509 
3,210 
3,439 
3,352 
3.200 


Total 


Area  irri- 
gated. 


Acres. 
186,500 
149,660 
250, 000 
90,000 
380,000 
250,000 


1,806,160 


nnty,      I 
acres  irri- :  Avora^ 
gated  per  i    annual 
second-    ,  rainfiaU. 
foot.       I 


OaiBta: 


55. 62 
53.  78 
39.24 


34.69 


0.79 
1.90 

.87 

.80 

4.58 


I 


$1.14' 


X-^ 


In  the  Punjab  the  capital  outlay  on  the  five  inundation  worb' 
which  capital  accounts  were  kept  was,  to  the  end  of  1901,  #*.>7. 
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lo  working  exi)en8es  were  $197,000  and  the  net  revenue  $74,000. 
le  average  per  cent  of  net  revenue  on  capital  expended  on  these 
nals  was  9.58,  while  on  the  Indus  and  Shahpur  canals  an  interest 
23.55  and  28.76  per  cent,  respectively,  was  realized. 
The  following  table  gives  the  important  data  concerning  the  six 
•incipal  inundation  canals  of  the  Punjab: 

Punjab  inundation  canals. 


Name. 


pper  Sutlej 

)wer  Sutlej 

lenab 

clu8 

lelum  (Shahpur) 
uzaff  argarh 


Miles. 

Sec-feet. 

225 

9,780 

363 

5,700 

262 

4,894 

,  713 

5,164 

79 

1,125 

886 

7,284 

Area  irri- 
gated. 


Acres. 
247,683 

271,545 

130, 455 

225,000 

42,000 

818, 225 


Ayerafce 

anntml 

rainfall. 


Inches. 
18.0 

6.8 


6.6 

12.8 

5.2 


Total I 1,234,908 


Capital  out- 
lay to  1901. 


$276-,  000 


238,000 
72,000 


The  total  area  irrigated  in  the  Punjab  by  inundation  canals  was 
:320,000  acres,  about  two-fifths  of  which  were  autumn  crops. 

DELTAIC  CANALS. 

Before  entering  into  a  discussion  of  the  perennial  canals  of  the 
igher  lands  of  India  a  general  description  will  be  given  of  the  great 
^orks  constructed  near  the  mouths  of  the  larger  deltaic  rivers,  as  many 
f  the  weirs  and  mechanical  modes  of  controlling  water  in  use  on  them 
.'ill  be  of  interest.  These  canals  have  been  constructed  in  an  almost 
*vel  country,  with  low  slopes,  and  are  univei-sally  intended  for 
lavigation  as  well  as  for  i rrigation.  Aside  from  the  mechanical  details 
eferred  to,  these  canals  are  of  little  interest  to  the  American  engineer, 
s  tlie  conditions  do  not  favor  similar  works  in  our  country. 

Deltaic  canals  are  true  perennial  canals,  but  are  here  distinguished 
rem  the  latter  because  they  are  situated  on  a  different  class  of  rivers 
rom  those  found  in  the  United  States,  and  apart  from  the  head-works, 
egulators,  and  other  prominent  works  upon  them  do  not  resemble 
luch  irrigation  canals  as  are  likely  to  be  constructed  in  this  country. 
\s  the  name  implies,  deltaic  canals  usually  head  at  the  points  at  which 
■i  vers  divide  into  numerous  branches  as  they  enter  their  deltaic  tracts 
lear  the  ocean,  as  does  the  Mississippi  near  New  Orleans.  A  number 
)f  such  canals  have  been  built  in  India,  of  which  several  large  ones 
ire  in  Madras  and  two  in  Bengal. « 

"Buckley,  R.  B.,  Irrigation  Works  in  India  and  Egypt,  E.  Sc  P.  N.  Bpon,  London,  18H3,  p.  «i 
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-    A  river-which  runs  through  the  soft  soil  of  a  delt a  easily  chaDir- 
course,  and  the  relative  dimensions  of  the  main  channel  and  ii-*!*::: 
cations  or  branches  are  sometimes  greatly  altered  by  floods.    An  - 
ample  of  the  extent  of  such  changes  may  be  cited  in  the  eas*-  '»f : 
floods  on  the  Mahanadi  River,  which  were  carefully  measun^i. 
was  calculated  that  during  the  period  which  elapsed  betwet^L  \ 
floods  of  1855  and  1872  the  capacity  of  the  Mahanadi  branib 
diminished  to  the  extent  of  nearly  80,000  cubic  feet,  or  10  i)er  (xn* 
its  ordinary  volume.     A  common  feature  of  deltaic  rivers  is  oh"-:T  - 
in  the  diminution  of  the  areas  of  their  cross  sections  as  theyappn 
the  sea.     This  is  shown  in  the  discharge  at  the  hea^l  of  any  parr i-.i 
reach  of  the  river  being  always  greater  than  the  not^d  dischar;*^- 
the  heads  of  the  branches  which  take  off  at  the  lower  end  of  v. 
reach. 

There  are  many  advantages  in  irrigating  upon  a  river  delta,  a- 
soil  there  is  usually  a  rich  alluvium  and  the  slope  of  the  country  a>- 
uniform  and  gentle.     Moreover,  the  branches  of  the  stream  fl"^ 
through  the  land  are  of  uniform  slope,  and  thus  affortl  exeelleni  dr 
for  the  surplus  water.     As  the  river  channels  flo\%'  in  built-up  t\L 
somewhat  above  the  level  of  the  surrounding  country,  itisi>»>> 
by  throwing  a  weir  across  the  delta  head  and  running  branch  i^i 
along  the  margins  of  the  streams  to  easily  command  the  whole  > 
area  for  inigation.     As  from  the  nature  of  the  conditions  the  ^ 
area  under  command  of  the  canals  is  subject  to  inundation,  it  i>. 
essary  to  confine  the  floods  to  the  river  channels  by  means  of  a  j^: 
of  marginal  embankments  or  levees.    As  such  rivers  have  a  tend-: 
to  change  the  amount  of  flood  which  they  pass   through  dif*^ 
branches,  it  is  generally  necessary  to  regulate  tlie  discharge  of '. 
of  these  by  weirs  across  both  the  main  and  branch  channels.    For 
more,  because  the  cross  sections  of  the  branches    reduce  as  *- 
approach  the  sea  it  is  essential  in  designing  levees  that  provi>i"' 
made  to  permit  the  discharge  of  the  full  volume  which  any  hn' 
may  have  to  carry. 

An  admirable  example  of  deltaic  canal  is  furnished  in  Egypt  in 
delta  of  the  Nile,  between  Cairo  and  Alexandria.     A  fe\i'  mile>  N 
the  former  city,  at  the  head  of  the  delta,  is  a  great  masonry  weir, ' 
Barrage  du  Nil.     This  consists  essentially  of  two  great  open  ivc 
ing  bridges  placed  across  the  two  deltaic  branches  of  the  Nil»  • 
Damietta  and  Rosetta  branches.     The  floors  of  these  reffulaUtr*  - 
at  the  level  of  the  river  bed,  and  the  only  obstruction  offered  to  li  " 
are  the  piers.     The  openings  between  the  piers  are  16,4  feet  in 
clear,  covered  with  arches,  which  carry  the  roadwaj^  overho;;d.    Tl 
are  71  spans  in  the  Damietta  barrage  and  61  in  the  Rosetta  Knr  -' 
The  entire  length  of  the  former  is  1,765  feet  and  of  the  latter    ' 
feet,  and  these  afford  an  obstruction  to  the  Nile  amounting  to  a- 
one-fourth  of  the  original  waterway. 
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[n  tlie  presidency  of  Madras  the  most  notable  canals  of  this  char- 
ier are  those  at  the  delt>as  of  the  Godavari  and  Kistna  rivers.  On 
i  Godavari  sj^stem  there  were  completed,  at  the  end  of  1899,  503  miles 
main  canals  and  1,905  milas  of  distributaries,  which  commanded 
G7, 200  acres  and  actually  irrigated  653,400  acres.  The  total  expendi- 
•e  on  this  work  to  end  of  1899  was  $4,355,000.  The  weir  at  the  head 
this  canal  was  constructed  in  1844.  The  river  drains  an  area  ot 
5,570  square  miles  above  the  weir,  and  the  crest  of  this  latter  is  38 
't  above  mean  sea  level  and  33  miles  from  the  coast.  The  maximum 
icharge  of  the  river  at  this  delta  head  was  1,210,000  second-feet,  with 
lepth  of  15^  feet  over  the  weir  crest.  The  head-works  at  Doulesh- 
ram  consist  of  a  weir  across  the  river  18,000  feet  in  length  and  of 
ee  sets  of  scouring  sluices  and  regulators  from  which  the  three 
lin  canals  irrigating  the  east-ern,  central,  and  western  deltaic  regions 
)  supplied.  The  river  is  broken  by  islands  to  a  length  of  4,500  feet, 
which  earth  embankments  connect  the  various  portions  of  the 
Lsonry  weir.  There  are  also  flanking  embankments,  making  the 
rthwork  in  all  7,000  feet  long,  and  there  are  2,500  feet  in  length  of 
ng  walls.  The  total  length  of  the  masonry  weir  is  11,946  feet.  It 
founded  on  walls  6  feet  in  diameter  sunk  6  feet  in  the  river  bed, 
d  is  19  feet  thick,  consisting  of  a  core  of  sandstone  faced  by  a 
rtain  wall  7  feet  high  and  4  feet  thick  at  the  base,  having  a  masonry 
1  28  feet  broad  and  4  feet  thick.  Below  the  weir  is  a  massive  stone 
ron  80  feet  broad.  On  both  banks  are  masonry  wing  walls  and 
►^etments.  The  three  sets  of  regulating  sluices  have  the  following 
nensions:  The  eastern  consists  of  13  gates  6  by  8  feet,  the  central 
15  gates  6  by  8^  feet,  and  the  western  of  15  gates  7^  feet  high  and 
rying  from  5^  to  6  feet  in  width.  The  mean  supply  to  the  eastern 
Ita  during  the  summer  season  is  2,826  second-feet,  which  is  the 
trying  capacity  of  that  canal.  The  area  irrigated  is  170,000  acres. 
H"  maximum  discharge  of  all  the  main  canals  during  1899  was  13,201 
^ond-feet.  The  carrying  capacity  of  the  main  central  canal  is  1,745 
}ond-feet,  and  it  irrigates  122,400  acres.  The  supply  of  the  western 
rial  is  3,950  second-feet  and  it  covers  319,580  acres.  The  canals  vary 
bottom  width  from  114  feet  on  the  central  canal  to  225  feet  on  the 
stern  canal,  with  varying  depths  of  from  7  feet  on  one  to  10  feet 
the  other. 

The  River  Kistna  has  a  course  of  about  800  miles  from  its  source  in 
itude  18°  01'  and  longitude  73°  14',  down  to  the  sea,  about  45  miles 
nth  of  Masulipatan  on  the  Coromandel  coast.  Its  drainage  area 
ly  be  taken  at  97,050  square  miles,  and  its  maximum  flood  discharge 
S2(),()()0  feet  per  second  {^g.  6). 

The  idea  of  damming  this  river  by  an  anient  at  Bezwada,  (50  miles 

ove  its  mouth,  where  the  configuration  of  the  country  lent  itself  in 

exceptional  manner  to  the  construction  of  such  a  work,  was  first 

)oted  in  the  year  1792,  but  nothing  was  definitely  decided  until  1847, 


84 


IRRIGATION   IN   INDIA. 


l<i. 


when  Maj.  (now  Sir)  Arthur  Cott/on  and  Capt.  (now  Sir)  Atweli  L 
submitted  a  joint  report  on  the  proposed  anicut  and  on  the  scli^^Li 
irrigation  for  the  eastern  and  western  deltas.      After  consideniUi 
eussion  the  court  of  directors  sanctioned  the  construction  of  the  .iri 
together  with  subsidiary  works,  on  the  5th  of  January,  18.>(»,  for  ji  - 
of  $513,0(K).     The  head  sluices  and  locks  were  conimence<l  in  In 
completed  in  the  following  year.     The  anicut  itself  was  commrs 
in  November,  1853,  and  completed  in  1855,  in  spite  of  great  delays 
losses  caused  by  an  extraordinary  flood  and  an  outbreak  of  ch<  1 
The  head-works  consist  of  a  weir  3,198  feet  in  lengrth,  and  tht  ^'r 
est  flood  rose  10^  feet  above  it«  crest.     The  eiistem  main  canul  ■ 


'_  a 
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bottom  width  of  200  feet  and  a  depth  of  8^  feet.  ITie  western  • 
has  a  bottom  width  of  230  feet  and  a  depth  of  8  feet.  The  t^rtal  i- 
of  main  canals  in  1890  was  372  miles  and  of  distributaries  1,62*'  i 
The  tot«,l  area  of  irrigation  in  1899  was  505,087  acres.  The  cre>t ' : 
weir  at  the  head-works  is  (5  feet  in  width  and  15J-  feet  above  tht- ' 
the  foundation.  The  total  width  of  apron  below  the  crest  is  f " 
(PI.  y,  ^1.)  The  foundation  consists  of  a  double  row  of  welK  a' 
each  end  of  the  weir  is  a  set  of  scouring  sluices  of  30  grates,  esu'h 
wide.  The  regulating  gates  are  of  the  same  dimensions.  Th»' 
of  the  weir  being  too  low  for  the  required  supply,  a  temixmjr^ 
stone  wall  4  feet  high  is  annually  built  on  it,  and  after  the  si<'*-' 
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eeii  washed  off  by  floods  it  is  used  in  tlie  repair  of  the  apron.  Shut- 
3rs  have  recently  been  substituted  for  this  temporary  device. 

The  Cauvery  deltaic  canals,  from  the  river  of  that  name  in  Madras, 
•rigated  919,540  acres  in  1899.  The  length  of  main  canals  is  844 
iiles,  of  distributaries  1,250  miles,  their  maximum  discharge  being 
1,000  second-feet.     So  far  the  cost  of  these  works  has  been  $704,000. 

The  data  upon  which  the  size  of  the  head  sluices  and  main  canals 
ere  calculated  was  2  cubic  yards  of  water  per  hour  per  acre,  or  a 
uty  of  66  acres  per  cubic  foot  per  second.  This,  it  was  calculated, 
ould  be  maintained  for  the  ultimate  proposed  area  of  irrigation  of 
70,000  acres  throughout  the  irrigation  season  except  for  about  forty 
ays  in  the  year.  Experience,  however,  has  proved  that,  owing  to 
^le  heavy  clayey  nature  of  the  delta  soil  and  care  taken  in  the  distri- 
ution  of  the  water  and  its  utilization  by  the  ryots,  that  a  duty  of  90 
cres  per  cubic  foot  per  second  may  be  reckoned  upon,  pointing  to 
n  ultimate  development  of  no  less  than  700,000  acres,  or  50  per  cent 
n  excess  of  the  originally  calculated  irrigable  area. 

The  East  Tamileru  escape  or  ChattapaYru  outlet  at  40  miles  20 
hains,  EUore  Canal,  eastern  delta,  was  built  in  1890-91  to  provide 
or  passing  the  flood  water  of  the  east  branch  of  the  Tamileru  out  of 
he  canal.  The  work  consists  of  four  arches,  20  feet  span  each,  at 
ither  end,  and  eleven  small  arches  between  7^  feet  span  each,  the 
atter  fitted  with  screw-gearing  shutters.  There  is  a  footbridge  over 
he  entire  work. 

The  Sangam  anient  project  was  sanctioned  in  1881  for  the  pnrpose  of  improving 
nd  extending  irrigation  in  the  northern  section  of  the  Penner  River  delta.  Its 
•rincipal  features  were  the  construction  of  a  weir  4,290  feet  long;  a  head  sluice  of 
0  vents,  of  4^  feet  span  each,  to  supply  the  main  canal;  the  excavation  of  a  main 
anal  6  miles  long  and  157  feet  bottom  width,  to  fill  the  Kanigiri  reservoir; 
mprovements  to  an  existing  branch  channel,  which  was  to  be  supplied  from  the 
Qain  canal;  raising  the  banks  of  the  Kanigiri  reservoir,  to  increase  its  capacity, 
ind  the  excavation  of  distributaries  from  the  Kanigiri  reservoir  and  Duvur  tank, 
[lie  anticipated  ultimate  area  of  irrigation  under  the  project  was  94,000  acres 
)roducing  a  net  revenue  of  $78,900. 

The  works  have  been  carried  out  more  or  less  as  they  were  designed.  The  pro- 
ect  came  into  oi)eration  in  1886-87,  and  there  has  been  a  steady  increase  of  cultiva- 
ion,  except  in  1891-92,  when  there  was  a  falling  off,  owing  to  the  scarcity  of  water, 
vhich  amounted  nearly  to  famine  in  the  Nellore  district.  According  to  the 
•(^tums  of  1895-96  the  area  irrigat.ed  was  77,347  acres  and  the  net  revenue,  after 
leducting  working  expenses,  amounted  to  $44,000. 

Sangam  anient  is  built  across  the  Penner  River  at  the  village  of  Sangam  and 
•onsists  of  a  solid  wall  of  masonry  with  scouring  and  head  sluices,  all  founded  on 
i^ells.  The  rear  of  the  anient  is  provided  with  a  substantial  sloping  apron  built 
:>f  large  bowlders  with  the  interstices  filled  in  with  concrete  and  strengthened 
by  binding  walls. 

The  length  of  the  anient  crest  between  south  wing  and  scouring  sluice  is  4,076 
feet;  top  breadth,  4^  feet.  The  upper  course  is  built  to  a  thickness  of  2  feet,  with 
cut  laterite  set  on  edge  in  Portland  cement.  The  crest  is  7  feet  above  deep  bed  of 
river,  or  10.50  feet  above  M.  S.  L.    The  anient  has  been  designed  to  discharge 
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597,000  cubic  feet  per  second  and  the  wings  and  other  masonry  works  at-^k 
it  have  been  biiilt  to  meet  the  contingency  of  an  additional  5  feet  rise  of  rr 
the  river  during  extraordinary  floods.    The  scouring  sluico.  w^hich  is  \mi.*  - 
tinuation  of  the  anient,  is  constructed  of  brick  in  surki  mor*ar,  except  tl-  • 
and  apron,  which  are  i)aved  with  cut  8t<3ne,  and  the  sides  aiid  faces  of  pi-> 
with  cut  laterite.    It  is  provided  with  14  vents,  6  by  6  feet,  w^hich  are  fj»> . 
closed  ])y  means  of  screw-gearing  shutters.    The  under  sluice  is  al:<o  inr-. : 
pass  down  the  regulated  share  for  the  Nellore  anient  system  lower  down  tb-  - 

The  Sangam  head  sluice  is  built  in  similar  style  to  that  of  the  scouhL.-  •. 
and  has  31  vents.  6  by  6  feet,  for  the  regulation  of   -water  into  thr*  K. 
main  canal,  which  supplies  the  Kanigiri  reservoir.     It  has  been  desi2:nr»i  t  - 
ply  water  for  the  irrigation  of  94.000  acres  by  a  dischirge  of  4,so(>  cubii-  f- 
second  when  water  in  river  is  flush  with  anient  crest.     The  floor  lev*'!   : 
sluice  is  98'  M.  S.  L.,  or  2  feet  above  that  of  the  under  sluice. 

Kanigiri  tank  head  sluice,  southern  channel,  is  intended  to  dii«chanr»-  ^i~ 
water  for  the  irrigation  of  17,500 acres  under  southern  channel  and  i^'.'* 
under  branch  or  central  channel.    It  is  built  of  brick  in  snrki  mortar.  rL- 1 
and  apron  being  paved  with  cut  stone.     It  is  provided  with  4  "  ents.  *»  ^}  * ' 
and  worked  with  screw-gearing  shutters.     Eastern  channel  ht'iwl  sluio'  i-  '■ 
brick  in  mortiir  with  the  exception  of  the  floor,  which  is  pa',  ed  with  «^.t  * 
and  the  piers  ca.sed  with  cut  laterite.     [PI.  V,  B.]     It  has  16  vents.  6  1»t  « 
capable  of  discharging  934.5  cubic  feet  per  second  when  th"  reservoir  nu.- 
F.  S.  L.,  the  area  to  be  irrigated  under  the  channel  and  its  branches  bem. 
acres.    The  supply  of  water  to  the  channel  is  regulated  by  means  of  screw  - ,  ^ 
The  sill  level  is  73'. 

Kanigiri  masonry  dam  or  flush  escape  [PL  VI]  is  intended  to  itass  the  ^'^r 
the  reservoir  f)ver  rocky  ground,  and  is  built  entirely  with  rubble  in  snrki  r-. 
the  crest  lieing  i)laced  2  feet  below  F.  S.  L.  (94. 95)  of  the  reservoir,  or  92  .Vi  X  ^ 
but  in  order  to  maintain  a  full  supply,  grooved  iron  standards  have  l>^n  n-- 
top.  ])rovided  with  planks  for  raising  and  lowering  the  water  as  requiivti    ' 
length  of  the  dam  is  2H0  feet,  with  a  top  breadth  of  44  feet. 

Kaniixiri  escape  sill  is  placed  on  the  same  level  as  the  crest  of  the  maj-'i-^'^ 
and  acts  jointly  with  it.    The  masonry  is  comiKised  of  brick  in  surki  m<»rra' ' 
ing  on  rock  foundation.    The  escape  consists  of  81  arches  of  9  feet  >p.i'J  '^ 
roadway  on  top,  and  in  front  screw-gearing  shutters  have  been  fixed  t*'l 
the  water  to  F.  S.  L.« 

The  principal  i*emaining  deltaic  canals  in  India  are  the  Mi«li  ••; 
and  Orissa  canals  in  Bengal.     According  to  the  revenue  n*]'^ " 
Bengal  for  the  year  1901,  it  appears  that  the  tot^l  capital  t*"^-: 
date  on  the  Orissji  canals,  exclusive  of  interest  charj^os,  was  *17,4  • 
and  on  the  ]Mitlnapore  canals,  85,953,000.     The  Orissa  canal>  •' 
originally  constructed  by  the  East  India  Irrigation  and  Canal' 
panyand  the  source  of  supply  is  derived  from  three  principal^i^''" 
the  Mahanadi,  the  Brahmini,  and  the  Byturni.     The   mininiuns 
charge  of  all  these  rivers  during  the  cold  weather  or  autumn  <• 
(),f)12  second-feet,  and  the  maximum  discharge  of  the  e^nal  i* 
second-feet.     The  gross  area  commanded  is  507,71)2  acres,  of  win 
present  274,074  are  irrigated.    The  works  consist  of  28(*  miles "t 
and  bi'anch  canals  and  1,123  miles  of  distributaries.     There  an' 
distinct  weirs  at  the  head  of  this  canal.     One  at  the  point  wli'^* 

<«  Adniinistrative  report  Irrigation  Branch:  Public  Works  Dept..,  Madr»s  Pr«*i'i'    : 
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iver  bifurcates  is  3,600  feet  in  length  and  12  feet  above  the  river  bed. 
'he  second  weir  is  across  the  Mahanadi  Hiver  itself,  and  is  1^  miles 
)ng  and  12  feet  high.  The  third,  across  the  Biropa  River,  is  1,980 
:^et  in  length  and  9  feet  above  the  river.  The  system  of  canals  is 
upable  of  great  extension. 

The  Midnapore  canal  was  also  constructed  by  the  East  India  Irri- 
ation  Company.  Its  supply  is  derived  from  the  River  Cossye,  the 
atchment  basin  of  which  is  so  small  that  the  supply  of  water  in  the 
jinal  varies  with  the  rainfall  on  the  district  covered  by  the  canal 
self.  The  works  were  commenced  by  a  company  in  ignorance  of  the 
Bal  supply  available,  and  the  distributaries  have  actually  been  con- 
tracted to  command  an  area  of  180,000  acres,  of  which  125,000  are  at 
resent  irrigable. 

The  canal  is  divided  into  four  lengths,  the  first  of  which  is  taken  off 
bove  the  weir  at  Midnapore.  In  the  twenty-fifth  mile  this  tails  into 
lie  river  where  the  second  weir  is  built  across  it.  The  canal  crosses 
he  river  at  this  point  and  the  second  length  is  diverted  on  the  oppo- 
ite  bank.  A  large  portion  of  the  remaining  length  of  the  canal  is 
onstructed  principally  for  navigation.  The  automatic  sluice  gates 
onstructed  in  the  weir  at  Midnapore  are  of  peculiar  interest  and  will 
)e  fully  described  in  another  place. 

Deltaic  canals. 


Name  of  canal. 


Ptovince. 


)rb«Ha Bengal. 

didnapore do .. 

iodavari "  Madras 

Cistua do.. 

^•nner do.. 

^alar do  . . 

V  urni  Mil ' do . . 


.^auvery do 


Main  canals. 


Area  irri- 
gated. 


.1— 


Miles. 

!m 

372 

31 

163 

19() 

H44 


Discharge^ 
itec.-ft. 

0,058 

1,500 

13,478 
8,942 
6,634 
5,546 
1.440 

45,525 


Rainfall  '  Expendi- 
^^^^'^^^  turetolDOl. 


I 


Acres. 

274,974 

125,000 

662,210 

.  547,806 

145,470 

45,206 

62,098 

»i9.539 


Inches. 
75.8 
59.6 
42.8 
27.4 
30.1 
25.2 
25.2 
62.8 


$17,436,000 
5,053,000 
4,:^5,000 
4,465,000 
1,967,000 

697,000 
7,276,000 

919,000 


CHAPTER  VII. 

PEBBNNIAIj  CANJLTjS. 

SOURCE  OF  SUPPLY. 

Perhaps  the  first  consideration  in  designing  any  irrigation  ▼ort> 
the  source  of  supply.     In  the  case  of  perennial  canals  this  mg<  > 
from  perennial  streams  or  from  storage  reservoirs.  ^  In  either  t:*^ 
the  Indian  engineer  deems  it  necessary  first  to   make  a  thorts. 
examination  of  the  hydrography  of  this  source  to  ascertain  the  ({^ 
tity  of  water  available  and  the  point  of  the  river's  course  at  vh 
the  canal  can  be  taken  off.     The  head-works  are  almost  iDvana 
located  high  up  on  the  river  to  command  a  sufficient  level  and  if  j*'*^ 
sible  to  tap  the  stream  where  the  water  is  clear  and  not  laden  ^ 
silt.     By  thus  locating  the  head-works  it  is  usually  i>ossible,  ovic: 
the  greater  slope  of  the  country,  to  reach  the  high  lands  or  wat^^Rh^^ 
of  the  areas  to  be  irrigated  with  the  shortest  possible  diversion  1 
By  diversion  line  is  meant  that  portion  of  the  canal's  courf^e  vhk'  * 
necessary  to  bring  the  line  w  the  neighborhood  of  tlie  irrigable  lai.^ 
and  which  is  usually  unprofitable,  as  it  does  not  irrig^ate  directly  :)^ 
land.     The  disadvantages  of  locating  the  canal  head-works  hi^^^ 
on  the  streams  are  serious.     The  country  having  »n  exeessiv*- : 
requires  rough  hillside  cuttings,  perhaps  in  rock,  and  the  lin^  - 
moreover,  int.ersected   by  hillside  drainage,   the   passage  of  t^  - 
entails  serious  difficulties. 

Perennial  canals  are  taken  chiefly  from  the  great  i>erennial  rit'  "^ 
which  issue  from  the  Himalayas,  from  whose  melting  snows  the  eaio 
receive  an  abundant  and  constant  supply  of  water.     The  smaller  ;- 
ennial  canals  in  portions  of  Madras  and  Bombay  are  chiefly  fe*! 
storage  water  collected  in  reservoirs  and  tanks   in  the  hills.   ^ 
great  rivers  of  the  Punjab  and  the  Northwest  Provinces  rarely  «i- 
charge  less  than  4,000  second-feet,  and  some  discharge  many  tir  - 
this  volume,  while  in  times  of  flood  their  discharge  increases  to  ^ 
high  as  1,200,000  second-feet  and  more. 

In  the  arid  region  of  the  United  States  no  such  streams  aj^  th^ 
exist,  though  a  few  of  our  great  rivers,  as  the  Missouri,  Colum 
Rio  Grande,  Sacramento,  and  their  principal  branches,  carry  Ltr. 
volumes  of  water,  much  of  which  it  is  to  be  hoped  will  at  some  fu* 
time  be  utilized  for  irrigation.     Because  of  the  similarity  exL<-- 
between  these  and  the  great  Indian  rivers,  the  country  which  t: 
traverse,  and  its  climate  during  the  cultivation  of  the  antumD  cr< 
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le  use  of  the  waters  of  these  great  streams  will  be  of  immediate 
iterest  to  us  and  may  furnish  useful  lessons  and  examples  when  we 
3innience  the  construction  of  similar  works.  The  topography  of  the 
^unjah  and  Northwest  Provinces  at  the  foot  of  the  Himalayas  has 
een  deacribed  in  detail  in  another  place.  It  is  very  similar  in  many 
aspects  to  that  of  the  great  California  Valley  on  the  western  slopes 
f  the  Sierras  and  that  of  the  Colorado  and  Wyoming  plains  at  the 
^ot  of  the  Rockies.  The  rivers  issue  from  the  sub-Himalayas  and 
ewaliks  through  foothills  similar  in  appearance  and  with  surface 
lopes  corresponding  to  those  of  the  Feather,  American,  Stanislaus, 
nd  other  rivers  flowing  from  the  Sierras  in  California,  or  to  the 
krkansas  and  Platte  rivers  issuing  from  the  Rockies. 

In  designing  these  great  perennial  canals  the  Indian  engineer  first 
lakes  a  careful  topographic  survey  of  the  entire  region  to  be  irri- 
ated,  and  numerous  trial  lines  are  run  before  the  final  location  of  the 
lain  and  distributary  canals  is  decided  upon  and  the  position  of  the 
Lead-works  definitely  fixed.  In  the  case  of  the  rivers  having  a  eon- 
tant  regimen  training  works  are  unnecessary,  as  the  head-works  are 
;enerally  located  in  narrow  portions  of  the  river  where  the  banks  are 
irm  and  the  channel  stable.  At  the  entrance  to  some  of  the  larger 
anals  heading  in  the  plains,  notably  the  Agra  and  the  Lower  Ganges, 
xpensive  river-regulating  works  are  required  to  control  the  move- 
iienta  of  the  river  channels. 

The  machinery  of  a  great  canal  consists  usually  of  the  following 
>arts :  The  head-works  at  the  point  where  the  canal  is  diverted  from 
he  river,  the  main  canal,  the  distributaries,  and  the  minors.  Each 
►f  these  units  of  the  system  has  its  own  set  of  regulating  works  and 
scapes  to  control  the  supply  of  water  in  the  canal.  Between  different 
'Anals  these  differ  but  slightly,  the  point  of  greatest  difference  usually 
)eing  at  the  head-works  and  in  the  first  few  miles  of  diversion  line, 
lere  various  devices  have  been  resorted  to  for  the  passage  of  hillside 
Irainage. 

GANGES  CANAL,  NORTHWEST  PROVINCES. 

It  is  probable  that  the  first  attempt  to  construct  a  canal  on  the  inter- 
luve  between  the  Ganges  and  Jumna  rivers  occupied  by  the  present 
ine  of  the  (ranges  canal  was  made  by  Mohammed  Al)oo  Ithan  at  some 
Jme  early  in  the  eighteenth  century.  This  canal  consisted  of  a  shal- 
ow  ditch  12^  miles  long  taken  from  the  west  Kali  Nadi  and  was  filled 
^)y  means  of  a  temporary  weir  thrown  across  that  stream.  No  masonry 
works  were  constructed,  and  much  damage  was  done  by  the  flooding 
3f  lands  above  the  weir.  The  second  attempt  here  made  was  in  1827, 
when  Captain  Debude  tried  to  rest-ure  the  above  by  putting  in  perma- 
nent head-works  across  the  Kali  Nadi.  This  plan  contemplated  the 
Bxtension  of  the  canal  through  Meerut  to  Aligarh,  and  it  was  also 
intended  that  a  dam  should  be  thrown  across  the  Ilindun  River  and 
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the  water  of  both  streams  utilized.  This  was  merely  -an  ati^^nji- 
improve  on  old  and  bad  methods.  The  third  and  present  projV*i  - 
purely  a  British  one.  In  1836  Col.  John  Colviu,  C.  B.,  propir^-i 
build  a  canal  from  the  Ganges  River  heading  at  Hard  war. 

The  famine  of  1837  and  1838  caused  an  increased  desire  forth*-  - 
struction  of  this  canal,  and  in  1830  Lord  Auckland,  the  Goven 
General,  sanctioned  the  surveys.  In  1840  Sir  P.  T.  Cautley  ina«i«r* 
first  surveys  and  reported  on  the  project,  and  from  then  to  1S4-5  i-- 
♦50,000  per  annum  was  expended  chiefly  on  surveys.  In  his  iv7»  ' 
Colonel  (>autley  said: 

To  deny  the  value  of  irrigation  to  agricnltnre  in  an  arid  country  is  lilrr    ■. 
ing  the  value  of  manure  to  an  European  farmer. 

On  the  strength  of  the  report  made  in  1840  the  l>oard  of  din^'  "* 
decided  on  the  construction  of  the  Ganges  canal  as  an  irric.: 
work,  the  canal  as  sanctioned  being  designed  to  carry  r>,7.>'s^'. 
feet.     When  Lord  Ellenborough  was  Governor-General,  betwt^ii ! -. 
and  1843,  he  did  everything  to  discourage  the  project  and  so  im-']; 
the  sanction  that  only  a  small  navigation  canal  could  be  eon^tnt : 
During  Lord  Ellenborough's  governorship  to  1847  Colonel  Cantl- y'  • 
in  England  attempting  to  further  the  project,  and   the  work-*  »  * 
carried  on  by  Major  Baker.    In  1848  Lord  Harbini^re  became  Otn^^r 
General,  and  sanctioned  the  work  as  originally  devised,  onrii.^  • 
immediate  construction,  which  was  at  once  prosecuted  by  0«. 
Cautley. 

In  1845  Colonel  Cautley  submitted  detailed  estimates  for  thnv  ^ 
arate  projects,  in  each  of  which  the  discharge  at  full  supply  wa- 
be  6,750  second-feet,  of  which  it  was  assumed  that  1,000  seeonil-:- 
would  be  lost  by  evaporation,  absorption,  and  navig^ation.    Thi^  ^^ 
of  these  projects  was  estimated  to  cost  about  $4,070,000  and  hm-: 
irrigable  an  area  of  1,470,000  acres.     When  in  1847  the  Governt  : 
directed  that  these  works  should  be  constructed,  ainon^  other  in>*' 
tions  they  said  that  the  primary  object  of  the  canal  was  to  be  iH. 
tion,  navigation  being  carried  only  as  far  as  not   inconsisten:  ''■ 
irrigation,  thus   reversing  the  instructions  of   Lord  Ellenlx)n«u. 
government. 

Water  was  first  admitted  into  the  canal  in  1854  and  irrigatiim 
menced  the  following  year.     During  the  next  few  years  defect>  :v 
works  gradually  came  to  light,  and  in  1864  an    investigation  * 
ordered  by  the  government.     At  the  close  of  that  year  detaiUn]  k 
mates  were  submitted  for  rectifying  the  principal  of  these  dt-ft"  ' 
Previous  to  this  Sir  Arthur  Cotton  reported  on  the  works  eonsi«^ ' 
by  him  necessary  for  the  improvement  of  the  canal.     In  his  rep"" 
stated  that  the  head  of  the  canal  was  too  high  up  on  the  river:  ' 
the  whole  canal  had  been  so  cut  as  to  carry  the  water  below  the  !• 
of  the  surface,  entailing  a  vast  unnecessary  excavation ;  that  the  ^- 
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f  the  water  was  admitted  at  the  bead,  so  that  it  was  conveyed  in  places 
)U  miles  to  the  land  to  he  irrigated,  and  that  there  was  no  permanent 
ijin  across  the  river  at  the  canal  head  so  as  to  secure  the  supply  of 
ater.  In  addition  to  this  Sir  Arthur  Cotton  enumerated  14  minor 
efeets  in  the  canal.  In  18G8  the  attention  of  the  government  was 
rawn  to  the  question  again  by  a  note  from  Colonel  Strachey,  in  which 
e  pointed  out  that  though  the  existing  Ganges  canal  was  able  to 
ippiy  the  upper  portion  of  the  interfluve,  there  would  be  tracts  lower 
own  to  which  the  available  water  in  the  river  could  hardly  be  dis- 
■ibuted  by  the  construction  of  a  lower  canal,  as  su^ested  by  Sir 
.rthur  Cotton.     This  led  to  the  projection  of  the  system  of  works 


Fio.  T.— Plan  snd  profile  of  Gnagm  canal.  Hardwsr  to  Roorkee. 

mown  as  the  Lower  Ganges  canal  and  to  material  alterations  in  the 
riejisures  for  rectifying  and  completing  the  old  Ganges  canal. 

This  canal  is  the  largest  in  existence.  As  at  present  constructed  its 
lead-works  are  situated  near  the  city  of  Hardwar,  about  20  miles 
dmve  the  railway  town  of  Roorkee.  At  this  point  the  Ganges  issues 
iiiddenly  from  between  the  foothills  of  the  Himalayas  onto  the  broad 
evel  plains.  In  the  first  20  miles  of  its  course  (fig.  7)  the  canal 
mcounters  a  considerable  amount  of  sub-Himalaya  drainage,  and  the 
works  for  the  passage  of  this  drainage  and  for  the  reduction  of  tlie 
dope  of  the  canal  by  means  of  falls  are  important.  The  slope  of  the 
■iver  bed  in  this  section  is  from  8  to  10  feet  per  mile 

A  short  distance  above  Hardwar  a  branch  of  the  Ganges  about  300 
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feet  in  width  separates  from  the  main  river  and,  hugging  the  IlArv 
shore,  rejoins  the  stream  a  half  mile  below  Hard  war.    Thedishi-. 
of  the  main  river  at  this  point  in  the  dry  season  is  about  8,(!«n'^^^ 
feet,  the  greater  part  of  which  is  diverted  by  training  works  aD«; 
porary  bowlder  dams  int.o  the    Hai-dwar  channel.    This  ha>  ^- 
deepened  and  given  a  uniform  slox)e  of  8^  feet  per  mile  to  the  - . 
head.     At  Myapur  the  canal  is  taken  from  the  Hard  war  chami^^: 
water  being  diverted  into  it  by  means  of  a  weir  and  sluices  a^^^^ 
cliannel  and  a  masonry  regulator  at  the  head  of  the  canal.   Toth»  ^  j 
mile  the  canal  crosses  several  minor  drainages  which  are admiit 
means  of  little  inlets.     At  the  sixth  mile  it  is  crossed  by  the  Hii 
Torrent,  passed  over  it  by  means  of  a  masonry  superpassage  al>t 'J 
feet  in  breadth.     In  the  tenth  mile  the  Puthri  Torrent  having  a '  u 
ment  basin  of  about  80  square  miles,  or  twice  that  of  the  Ranii'i 
carried  across  the  canal  by  a  similar  superpassage  296  feet  inbrv. 
The  sudden  flood  discharges  in  these  torrents  are  of  great  vinl 
the  Puthri  Torrent  discharging  as  much  as  15,000  second-feet  an! 
ing  a  velocity  of  about  15  feet  per  second. 

In  the  thirteenth  mile  the  canal  encounters  the  RutmooTorreni.^ 
a  slope  of  8  feet  per  mile  and  a  catchment  basin  half  as  larg^  a. 
as  that  of  the  Puthri.     This  torrent  is  admitted  into  the  canal;: 
own  level.     In  the  side  of  the  canal  opposite  to  the  inlet  is  aL 
masonry  outlet  dam  or  set  of  escape  sluices.     In  the  canal  jn:>t  '^ 
this  level  crossing  is  a  regulating  bridge  by  which  the  dkhar. 
the  canal  can  be  readily  controlled.     Thus  in  time  of  flood,  by  ,' 
ing  the  sluices  in  the  outlet  dam  and  adjusting  those  inthere.ri 
so  as  to  admit  into  the  canal  the  volume  of  water  required,  lii' 
mainder  is  discharged  through  the  scouring  sluices,  whencv :' 
tinues  in  its  course  down  the  Rutmoo  Torrent. 

In  the  nineteenth  mile,  near  Roorkee,  the  canal  crosses  the  ^ 
River  and  Valley  on  an  enormous  masonry  aqueduct.    Tbe> 
River  in  times  of  highest  flood  has  a  discharge  of  35,(X)0  seoon-1 : 
and  the  fall  of  its  bed  is  about  5  feet  per  mile.     The  total  len.^ 
the  aqueduct  is  920  feet.     The  banks  of  the  canal  on  theuiK 
side  are  revetted  by  means  of  masonry  steps  for  a  distance  of 
feet  and  on  the  downstream  side  for  a  distance  of  2,722  feet.  ^ 
miles  above  the  aqueduct  and  for  a  distance  of  half  a  mile  1" 
the  bed  of  the  canal  is  raised  on  a  high  embankment.    Thojrr^^ 
height  of  the  canal  bed  above  the  country  is  24  feet.    The aqii' 
proper  consists  of  fifteen  arches  of  50  feet  span  each.    In  add  ^ 
these  great  works  there  are  in  the  first  20  miles  of  the  canji 
mavsonry  works  for  damming  minor  streams  and  a  number  of  nis*- 
falls. 

Beyond  Roorkee  the  main  canal  follows  the  high  divide  bet^'^ 
Ganges  and  the  West  Kali  Nadi,  and  continues  in  general  tofoli  ' 
divide  between  the  Ganges  and  the  Jumna  to  Gopalpur,  a  s^b"' 
tance  below  Aligarh,  where  the   main  canal  bifurcates  (1^'^ 
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)rining  the  Cawnpur  and  Etawah  branches.  The  former  branch  tails 
ito  the  Ganges  at  Cawnpur  and  is  170  miles  in  length.  The  Etawah 
ranch  is  also  170  miles  long  and  tails  into  the  River  Jumna  near 
umerpur.  The  Vanupshahr  branch  leaves  the  main  line  at  the 
ftieth  mile  and  flows  past  the  towns  of  Vanupshahr  and  Shahjahan- 
11  r.  It  formerly  terminated  at  mile  82^,  emptying  into  the  Ganges 
iver,  but  it  is  now  continued  to  a  point  near  Kesganj,  where  it  tails 
ito  the  Lower  Ganges  canal.  The  first  main  distributaries  are  taken 
om  both  sides  of  the  canal  a  short  distance  below  Roorkee.  The 
iture  of  the  country  offers  abundant  facilities  for  escapes  from  the 
mals.  Five  are  constructed  on  the  main  line,  four  on  the  Cawnpur 
-anch,  aiul  three  on  the  Etawah  branch,  besides  numerous  small 
icapes  to  the  distributaries.  These  escapes  will  be  described  in 
lother  place.  They  are  essential  for  the  proper  regulation  of  the 
mal  in  the  discharge  of  local  drainage. 

The  maximum  discharge  of  the  canal  is  7,782  second-feet.  The 
r^erage  annual  rainfall  over  the  area  irrigated  is  31.9  inches.  The 
itire  area  commanded  is  2,800,000  acres.  The  culturable  area  is 
820,000  acres,  and  the  area  irrigated  is  1,600,000  acres.  The  maxi- 
um  area  irrigated  within  any  one  year,  including  both  spring  and 
itumn  irrigation,  was  2,800,000  acres  in  1883;  the  total  length  of 
ain  canals  is  419  miles.  There  are  2,552  miles  of  distributaries 
id  859  miles  of  drainage  cuts  and  escapes,  or  a  total  of  3,830  miles. 
Of  the  total  area  irrigated  in  1893,  96,543  acres,  or  13.4  per  cent  of 
e  whole,  were  double  cropped  and  the  duty  performed  by  the  canal 
r  the  autumn  crop  was  135  acres  per  second-foot  on  the  discharge  at 
e  head,  or  155  acres  per  second-foot  on  the  discharge  utilized.  The 
tal  capital  outlay  on  these  works  to  the  end  of  the  year  1893  was 
0,127,000,  and  the  working  expenses  for  that  year  were  $375,000. 
iie  working  expenses  per  second-foot  of  discharge  at  the  head  were 
03,  or  52  cents  per  acre  irrigated.  The  total  water  rate  derived  was 
.  30  per  acre  irrigated,  or  $253  per  second-foot  of  discharge  at  the  head, 
mong  the  principal  crops  culivated  in  1888  were  106,000  acres  of 
igar  cane,  valued  at  $2,332,000;  228,300  acres  of  wheat,  valued  at 
,275,000;  31,400  acres  of  rice;  80,000  acres  of  indigo,  and  a  grand 
tal,  including  all  other  crops,  of  601,900  acres,  valued  at  $7,600,000. 
lie  net  profits  in  1888  were  5.4  per  cent  on  the  capital  invested. 
The  number  of  days  in  the  year  when  water  was  supplied  for  irriga- 
)n  and  the  canal  was  in  active  operation  was,  in  1888,  275.  In  this 
^ar  a  comparatively  small  supply  of  water  was  used,  the  mean  supply 
iing  only  2,400  second-feet. 

LOWER  GANGES  CANAL,  NORTHWEST  PROVINCES. 

As  described  in  relating  the  history  of  the  Ganges  canal,  the  Lower 

anges  canal  was  undertaken  at  the  suggestion  of  Sir  Arthur  Cotton, 

1868,  after  an  investigation  by  Col.  R.  Strachey  in  1865,  as  a  means 

relief  or  improvement  of  the  Ganges  canal.     It  irrigates  a  part  of 
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the  Ganges-Jumna  interfluve  that  was  originally  intended  sbouW  V 
commanded  by  the  Ganges  canal  proper.  The  work  eoinprist>i 
masonry  diversion  weir  at  Narora,  about  3  miles  below  the  ml^r 
crossing  at  Rajghat.  It  relieves  the  Ganges  canal  of  128  miles  of  t>- 
Cawnpur  branch  and  130  miles  of  the  Etawah  branch,  andasori: 
nally  projected  was  intended  to  carry  6,500  second-feet  in  the  sprii : 
season  and  3,270  second-feet  in  the  autumn  season.  In  1871  the wi-rk* 
were  commenced,  but  were  delayed  awaiting  a  revised  estimate  >n  - 
mitted  in  1876,  when  the  work  was  finally  commenced.  It  is  nowcvn- 
sidered  as  a  work  separate  from  the  Ganges  canal. 

The  weir  is  a  substantial  one,  resting  on  masonry  wells,  usdaII}  ^ 
feet  deep;  the  front  and  rear  curtain  walls  rest  on  smaller  wells.  Tir 
weir  is  3,800  feet  long  and  is  10  by  10  feet  in  cross  section,  h&wv:  3 
vertical  overfall  to  a  paved  floor.  It  is  constructed  chiefly  of  hril 
There  are  42  weir  scouring  sluices  opposite  the  canal  head,  each  Tj  >' 
wide.  The  regulator  at  the  canal  head  is  constructed  of  masonn-ar . 
has  30  openings  each  7  feet  wide.  The  weir  crest  is  7+  feet  ab(»\>  i- 
sill  of  the  canal  and  this  can  be  raised  to  10  feet  by  means  of  shnttt-^ 
For  the  first  26  miles  of  main  canal  the  bed  is  216  feet  wide;  th^^f^ 
supply  depth  is  10  feet  and  the  slope  one-t-enth  of  a  foot  in  Ij^^'^l 

In  the  first  portion  of  its  line  the  canal  is  compelled  to  follow  the  • 
river  bottom  for  some  distance  before  its  grade  enables  it  tosurnn'ii 
the  banks  and  reach  the  summit  of  the  interfluve.     In  this  low  n-j 
the  canal  is  threatened  constantly  by  the  encroachments  of  theri' • 
and  extensive  river-training  works  are  necessary  to  preserve  its  in-: 
rity.     These  extend  for  a  distance  of  4  miles  above  the  canal  head  .ir 
15  miles  below,  and  consist  chiefly  of  long  earthen  groins  or  eml«iiii 
ments,  sometimes  2^  miles  in  length,  projecting  into  the  stream  at  r:l 
angles  to  its  course  and  protected  at  the  end  by  loose  rock  noses.   T:- 
general  slope  of  the  Ganges  River  and  of  the  country  at  this  ptnn'  * 
about  1^  feet  per  mile  and  the  greatest  flood  the  river  has  disohanr- 
is  350,000  second-feet.     Its  minimum  discharge  has  been  as  low  as  L: 
second-feet.     The  velocity  in  the  canal  is  very  low,  being  but  -  t'- 
per  second,  and  as  a  result  much  silt  is  deposited  and  the  gmwrl: 
weeds  is  excessive.     The  maximum  discharge  of  the  canal  as  now  c  <  • 
structed  is  5,100  feet.     The  average  annual  rainfall  on  irrigable  L' 
is  34.5  inches;  the  gross  area  commanded  is  4,387,2(X)  acres,  an<'n!' 
culturable  area  2,435,400  acres,  and  1,187,326  acres  will  be  irrip' 
when  the  project  is  completed,  though  at  present  but  833,951  aen'>  a' 
irrigable.     The  total  length  of  the  main  canals  is  557  miles.    V^* 
are  2,159  miles  of  distributaries  and  the  tota,l  length,  including estra:*^* 
and  drainage  cuts,  amounts  to  3,123  miles. 

The  capital  outlay  to  the  end  of  1893  was  $12,073,000.    .The  t  ' 
receipts  in  that  year  amounted  to  $114,000,  a  little  less  than  1  per  n 
net  profit  on  the  capital  invested.     The  area  irrigated  in  18S^5  dor.  - 
the  autumn  crop  was  327,000  acres,  of  which  184,000  acres  were  ir' 
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at<}d  by  wells.  Twenty-three  i)er  cent  of  the  whole  was  double- 
•opped,  and  in  the  autumn  season  1,765  second-feet  of  water  were 
{ ilized,  the  duty  on  which  was  185  acres  per  second-foot.  The  cost  of 
aintenance  of  the  distributaries  was  $13  per  mile.  There  were  222 
•res  irrigated  per  mile  of  distributaries  at  a  cost  of  a  little  less  than 
)  a  hundred  acres,  and  the  average  depth  of  water  used  in  these  was 
1  feet.  The  most  notable  works  on  this  canal  will  be  described  in 
leir  proper  place.  They  are  the  training  works,  the  weir  and  other 
?ad  works,  and  the  great  aqueduct  at  Nadrai,  by  which  the  canal  is 
irried  over  the  Kali  Nadi  Torrent. 

AGRA  CANAL,  NORTHWEST  PROVINCES. 

The  Agra  was  the  third  of  the  great  perennial  canals  of  the  North- 
?st  Provinces  visited  by  me.  This  canal  was  contemplated  when 
e  question  of  the  remodeling  of  the  Ganges  canal  was  being  agi- 
ted  in  18G4.  It  was  then  pointed  out  that  water  might  be  drawn 
om  the  River  Jumna  below  Delhi  to  supplement  the  irrigation  of  the 
inges-Jumna  bench  lands.     The  idea  was  further  discussed  in  1866. 

1867  projects  were  submitted  and  in  1868  the  works  were  sanctioned 
r  the  purpose  of  famine  relief.     The  works  as  eventually  sanctioned 

1872  correspond  closely  to  the  present  completed  Agra  canal  project, 
was  formally  opened  in  March,  1874.  In  1875  it  was  found  that  the 
iginal  weir  was  insufficient.  The  great  flood  of  that  year  had  seri- 
sly  injured  the  scouring  sluices  and  the  works  were  then  recon- 
ducted. The  head  works  of  the  canal  are  situated  at  Okhla  on  the 
\'er  Jumna,  10  miles  below  Delhi,  and  consist  of  a  weir  about  2,573 
3t  in  length  at  a  point  where  the  river  is  4,400  feet  wide.  The  left 
ng  of  the  weir  rests  on  an  island,  whence  it  is  continued  as  an  earth 
ibankment  20  feet  wide  on  tep.  This  weir  rests  on  wells  sunk  in 
e  deep  sands  of  the  river  bed.  On  the  upstream  side  it  has  a  slope 
about  1  in  4,  the  downstream  slope  being  very  long,  as  flat  perhaps 
1  in  20.  As  originally  constructed  in  1870,  this  weir  was  not  more 
fin  130  feet  in  width  from  toe  te  heel,  but  after  being  injured  by 
ccessive  floods  it  was  carried  out  and  added  to  until  its  width  is  now 
er  240  feet.  The  scouring  sluices  are  139  feet  long  at  the  end  of 
3  weir,  and  are  composed  of  16  gateways  of  16  feet  each.  The  regu- 
ing  sluices  consist  of  12  openings,  each  6  feet  wide  and  10  feet 
'h,  to  the  springing  of  the  arches,  and  are  so  located  as  to  avoid  the 
posit  of  silt  at  the  canal  head.  The  water  of  the  river  is  deflected 
»vard  the  right  bank  against  the  regulators  b}'  a  series  of  groynes 
d  river- training  works.  There  are  about  8  miles  of  embankment 
)ng  the  river  margin  to  protect  the  low  land  from  inundation  and  to 
[»vent  the  flank  wall  of  the  weir  from  being  turned. 
From  Okhla  the  canal  follows  the  high  land  between  the  Khari  Xadi 
(1  the  Jumna,  and  its  course  throughout  is  fairly  parallel  to  that  of 
3  Jumna,  about  3  to  12  miles  from  its  right  bank.     It  finally  tails 
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into  the  Ootunghun  River  about  20  miles  l>elow  Agra.    The  iim^ 
branches  connect  the  canal  with  Muttra  and  A^a. 

The  source  of  supply  is  from  the  Jumna  River.  The  hi^^  < 
recorded  flood  was  of  long  duration  and  rose  50  feet  above  low-nair: 
level,  the  velocity  then  being  12  feet  per  second  and  the  disrha::- 
about  1,300,000  second-feet.  The  supply  of  the  Jumna  having  falV. 
occasionally  below  800  second-feet  it  is  suppleinent€<i  by  a  cut  f^?- 
the  Hindun  River,  which  discharges  into  the  Jumna  just  abt^veis-  j 
diversion  weir,  and  is  capable  of  supplying  300  additional  second-iV* 
The  grade  of  the  canal  from  the  head  to  the  thirty-second  milt:? 
inches  "per  mile.  There  is  a  fall  of  5.75  feet,  beyond  which  theirra: 
ent  is  increased  to  J  foot  per  mile  to  the  end.  In  the  first  porti'n 
the  canal  the  bed  width  is  70  feet  per  mile  and  the  depth  from  tit-  . 
feet,  while  the  velocity  is  from  2  to  24^feet  per  second.  Below  tbt^t-* 
fall  the  bed  width  is  decreased  to  60  feet  and  the  maximum  depth  • 
7  feet.  Beyond  the  one-hundredth  mile  the  velocity  is  from  \\\*  :• 
feet  per  second,  the  bed  width  20  feet,  depth  5  feet,  and  the  dLs<*br: 
about  200  second-feet. 

The  Ilindun  cut  is  9  miles  in  length  and  24  feet  wide  at  the  b*»:t 
with  a  mean  depth  of  5^  feet.     The  works  of  especial  interest  on :  * 
canal  beyond  those  of  the  weir  and  head-works  proper  are  an  inters 
ing  superpassage  made  of  boiler  iron  situated  at  about  theeigbibi. 
and  some  drainage  settling  basins  constructed  as  reservoirs  f«* ' 
collection  and  concentration  of  numerous  small  drainaf^  cbanL- * 
The  total  length  of  main  canal  as  completed  is  134  miles  and  the^  >' 
558  miles  of  distributaries.     Its  total  maximum  discharge  i>  1- 
second-feet.     The  average  rainfall  on  its  irrigated  lands  is  27  iu*;  - 
the  gross  area  commanded  768,000  acres,  nearly  all  of  which  L>cu: 
able,  while  the  area  irrigated  is  240,000  acres.     The  total  capital  - 
lay  to  the  end  of  1888  was  $3,010,000,  and  the   net  revenue  va: 
between  3  and  4^  per  cent  per  annum. 

Of  the  total  area  irrigated  in  1888, 11  per  cent  was  by  mean^of  *• 
The  water  rate  charged  was  $233  per  second-foot  of  wat^r  utiliz»t 
$1,120  per  mile  of  canal;  the  cost  of  maintenance  was  ♦ll.SOperi: 
and  74  acres  were  irrigated  per  linear  mile  at  a  cost  of  $5.15  pr: 
acres.     The  average  depth  of  water  used  in  the  autumn  sea^i^i 
1.2  feet.     The  principal  crops  cultivated  were  much  the  same  as t 
cited  for  the  Ganges  canal,  the  cultivation  of  indigo  heading  th^ 
with  an  acreage  of  28,500  acres,  cotton  being  second  with  22,0iX»»^  "^ 
and  pease  next.     The  area  of  wheat  cultivated  was  14,5lK)  aorv?^,  v 
the  total  value  of  all  crops  $1,090,000. 

The  canals  of  the  Duns  are  usually  small  and  have  been  constrc 
in  a  mountainous  country  at  a  rate  of  expenditure  that  would  W  * 
sidered  quite  unwarranted   and  prohibitive  in   the   United  >«* 
There  are  five  principal  canals  in  the  Duns,  ranging  from  1 1  to  T'  2 
in  length  and  aggregating  67  miles.     They  have  annually  nrtL- 
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over  6  jper  celit  interest.  These  canals  command  5,000  acres,  more  or 
leas,  each.  The  works  are  simple  in  character,  but  owing  to  the  great 
rainfall  expensive  masonry  aqueducts  crossing  high  valleys  and  broad 
torrents  are  numerous,  and  in  many  cases  the  canal  channels  are  con- 
'Jtructeil  wholly  of  masonry  for  long  distances.  The  total  maximum 
iischarge  of  these  canals  is  240  second-feet,  and  the  precipitation  on 
the  irrigated  lands  averages  100  inches.  They  irrigate  a  gross  area  of 
25,000  acres.  The  capital  outlay  on  their  construction  was  $1,070,000, 
and  while  the  average  interest  received  is  over  6^  per  cent,  on  some  of 
khem  it  exceeds  12  per  cent.  The  crops  cultivated  are  similar  to  those 
oroduced  elsewhere  in  the  Northwest  Provinces,  but  wheat  and  rice 
Par  exceed  in  amount  all  other  crops  together.  In  1888  there  were 
15,400  acres  of  food  crops  grown,  nearly  four-fifths  of  which  consisted 
)f  wheat  and  rice. 

SIRHIND  CANAL,  PUNJAB. 

Of  the  imi)ortant  perennial  canals  in  the  Punjab,  the  Sirhind  far 
exceeds  all  others  in  matters  of  engineering  interest,  as  it  is  the  most 
•ecent  and  modern  in  construction,  besides  being  one  of  the  greatest. 
3f  the  other  important  canals  of  the  Punjab,  the  principal  are  the 
i^ari  Doab  and  the  Western  Jumna,  two  of  the  most  profitable  canals 
n  northern  India.  The  Sidhnai  canal,  which  has  only  recently  been 
)pened,  was,  as  originally  constructed,  an  inundation  canal  and  is  still 
)artially  operated  as  such.  Though  I  saw  little  of  the  Sirhind  or 
Jidhnai  canals,  a  brief  description  of  each  will  be  given,  as  they  rep- 
-esent  some  of  the  latest  developments  of  irrigation  as  practiced  in 
ndia. 

In  the  time  of  the  Emperor  Feroze  attempts  were  made  to  utilize  the 
waters  of  the  Sutlej  River  for  irrigation.  These  attempts  were,  how- 
ever, of  little  moment.  Maj .  W.  E.  Baker  first  showed  the  practicability 
)f  a  canal  from  the  Sutlej  to  irrigate  what  was  known  as  the  "Hard 
desert"  in  the  districts  of  Hissar  and  Bhuttiana.  The  few  wells  there 
^ere  so  deep  that  irrigation  from  them  was  impossible,  while  the  water 
^as  impure  and  brackish.  The  population  was  scanty  and  lawless, 
heir  chief  occupation  being  cattle  raising.  The  question  was  not  how 
o  improve  agriculture,  but  how  to  create  it. 

Major  Baker  proposed  heading  the  canal  above  Rupar,  utilizing  the 
ine  of  the  old  canal  of  Mohammed  Shah,  but  Col.  Baird  Smith,  who 
examined  this  project,  reported  that  -'  the  occupation  and  repair  of 
)ld  canals  was  the  most  fruitful  source  of  evil  in  the  existence  of 
ianals,"  and  he  suggested  a  new  alignment.^  Major  Baker's  investi- 
gations were  carried  out  in  1840,  and  the  project  then  submitted  was 
very  similar  to  that  of  the  now  completed  Sirhind  canal.  In  1860,  at 
uhe  request  of  the  Maharajah  of  Pattiala,  who  offered  to  defray  thp 
axpenses,  the  whole  question  was  investigated  by  the  British  officers. 


a  Smith,  Col.  Baird,  Irrigation  in  Italy,  London,  1866,  vol.  1,  p.  266. 
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A  project  was  submitted  in  1802,  and  in  1865  the  British  iTOvei-mi.u)- 
decided  that  any  canal  constructed  here  should  be  devised  irresiH^i  v- 
of  boundaries  of  British  or  native  States.  In  ISOS  the  projwt  v.i- 
vigorously  pi  shed,  the  size  of  the  main  chauuel  whs  increased,  h 
the  head-works  were  moved  15  miles  down  the  river  to  a  point  \>r: 
near  Rupar,  and  in  1809  the  works  were  actively  commenced. 

This  project  (PI.  VIII)  comprises  a  main  canal  from  the  SotleJMi:- 
plied  by  a  masonry  diversion  wier.     The  length  of  this  main  chan:.*; 
is  41  miles.     Of  the  branches,  the  eastern  ones  irrigate  native  Mai- 
lands  and  are  called  the  Pattiala  branches;  the  remaining  or  wr^^r 
branches  are  known  as  the  British  branches.     The  heaviest  port j:: 
of  the  work  is  in  the  first  10  miles,  where  the  line  crosses  many  V 
torrents  draining  into  the  Sutlej.     The  head-works  are,  like  thi»^  -r 
the  Ganges  and  Jumna  rivers,  situated  at  the  point  where  the  rivr 
emerges  from  the  hills  through  a  rocky  Iwwlder  channel,  and  wb»r 
the  general  fall  of  the  country  is  over  8  feet  per  mile.     The  maiimiL 
depth  of  the  cutting  through  the  spur  at  the  hea<l   near  the  town  • 
Rupar  is  45  feet,  and  the  average  depth  of  cuttinj^  in  the  first  7  mil- 
is  2S  feet.     The  drainage  in  places  is  passed  over  the  canal  by  mii^*::> 
superpassages,  while  one  torrent  is  divei-ted  into  the  river  by  » < : 
terminating  above  the  head-works.     At  the  forty-first  mile  the  d..i  - 
canal  ends  and  the  two  branches  diverge.     Three  miles  below  ^l- 
bifurcation  the  British  branch  is  again  divided  into   the  BhJ^:I^. 
branch,  100  miles  long,  and  the  Ubohar  branch,  125  miles  long.    ' 
the  Pattiala  side  the  main  feeder  is  divided  into  three  sections  bv  :- 
diversion  of  the  Kotla,  Gagger,  and  Choa  branches,  respectively 
50,  and  25  miles  in  length.     The  end  of  the  feeder  is   the  junct^'D'. 
the  Choa  and  Pattiala  branches,  the  latter  being  6  miles  long  and  la- 
minating at  Pattiala. 

The  principal  works  of  interest  on  the  line  of  the  Sirhind  canal  ..> 
the  head-works  at  Rupar,  the  superpassage  crossing  the  Siswan  T  ■ 
rent,  which  in  time  of  flood  discharges  20,000  second-feet,  and  t^- 
superpassage  across  the  Budki  Torrent,  which  in  time  of  fl(K»il  i  * 
charges  30,000  second-feet.  The  siphon  for  a  drainagre  erossinj . 
Ilurron  Torrent,  though  small,  is  likewise  deserving  of  parii«i-i 
mention  in  its  place. 

The  water  supply  of  the  Sirhind  canal  is  less  than  was  anticiiw'*^ 
The  lea.st  discharge  of  the  river  ever  recorded  was  2,818  secon<l-f— ' 
while  the  average  minimum  discharge  is  5,150  second-feet.     The  n.:. 
imum  discharge  of  the  canal  as  designed  is  7,849  second-feet,  and  : 
maximum  flood  discharge  of  the  river  has  been  as  great  as  1'  •• . 
second-feet.     The  rainfall  over  the  irrigable  area  varies  between  i 
and  35  inches  per  annum,  and  during  the  autumn  crop  is  from  1 1 
inches.     The  gross  area  commanded  by  the  canal  is  4,558,602  acn*^ 
which  1,170,000  acres  are  irrigable.     During  the  autnmn  crop  of  1 
only  400,805  acres  were  irrigated,  of  which  161,967  acres  were  din* 
cropped. 
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The  total  length  of  main  canals  is  41  miles  and  the  total  length  of 
lin  branches  538  miles,  while  there  are  4,636  miles  of  principal  dis- 
butaries.  The  total  outlay  on  this  canal  to  the  end  of  1901  was 
f),6r)3,0OO,  and  since  the  canals  were  opened  the  net  annual  revenue 
,s  constantly  increased,  until  in  1901  it  amounted  to  4.7  percent, 
the  year  under  consideration  the  duty  per  second-foot  in  the  autumn 
ison  on  the  supply  entering  the  canal  head  was  108  acres,  or  $113, 
d  on  the  supply  utilized  it  was  110  acres,  or  $121.  The  average 
it^r  rate  per  acre  irrigated  was  95  cents,  the  working  expenses  being 
(*ents  per  acre,  and  the  cost  of  establishment  was  15  cents. 

:HENAB,  BARI  DOAB,  AND  W^BSTBRN  JUMNA  CANALS,  PUNJAB. 

As  before  stated,  these  three  canals  are  among  the  oldest  and  best 
.yins:  of  their  kind  in  India.  In  1351  Feroze  Shah  constructed  the 
st  channel  where  the  Western  Jumna  canal  now  exists,  and  at 
fferent  periods  up  to  1817  the  works  were  reconstructed  and  utilized. 
1817  Captain  Blaine  prepared  to  restore  them.  The  supply  of  the 
estern  Jumna  is  derived  from  the  Jumna  River  at  a  point  where  it 
ives  the  Sewalik  Hills,  where  the  fall  is  great  and  the  bed  com- 
>se<l  of  shingle  and  bowlders.  On  the  opposite  bank  the  Eastern 
imna  heads  at  nearly  the  same  place.  In  1870  permanent  head- 
>rks,  distributive  and  drainage  works,  were  constructed  to  replace 
e  old  ones,  and  a  little  later  the  main  canal  was  almost  entirely 
aligned.  At  the  end  of  1878  the  total  receipts  since  the  works  were 
ken  in  hand  by  the  government  had  exceeded  the  working  expenses 
id  interest  on  the  capital  by  $12,500,000,  or  about  four  times  the 
St  cost  of  the  work.  The  total  length  of  the  main  canal  and 
anches  in  ]  901  is  391  miles,  and  there  are  2,210  miles  of  distributa- 
L»s.  The  area  irrigated  is  870,500  acres  and  the  maximum  discharge 
the  canal  is  6,350  second-feet.  The  total  expenditure  on  this  work 
the  end  of  1901  was  $10,730,000,  and  this  earned  revenue  of  9.1  per 
tnt.  The  gross  receipts  in  that  year  were  $835,000,  and  the  gross 
itlay  $325,000,  the  net  revenue  being  $510,000. 
The  Bari  Doab  canal  derives  its  source  of  supply  from  the  Ravi 
iver,  and  commands  1,641,600  acres  of  land  between  the  Ravi  and 
ias  rivers.  In  1633  the  Shah  Jehan  construct  d  the  first  canal  in  this 
iigliborhood.  The  project  for  the  new  canal  under  British  rule  was 
rst  reported  on  in  1850,  when  the  works  were  commenced.  In  1856 
ley  were  revised,  and  water  was  admitted  to  some  portions  of  the 
inals  in  1859.  In  1874  the  works  were  decided*  upon  as  now  con- 
ructed,  and  were  estimated  to  produce  a  profit  of  8.8  per  cent, 
ecently  a  considerable  amount  has  been  expended  in  the  construe- 
on  and  improvement  of  falls  and  rapids.  The  total  outlay  to  the 
fid  of  1901  was  $14,115,0<X)  and  the  interest  in  that  year  was  12.9  per 
^ut  on  the  capital  outlay.  The  maximum  discharge  of  the  canal  is 
,500 secQnd-feet,  and  the  area  irrigated  849,074  acres.  There  are  369 
liles  of  main  canals  and  branches  and  2,725  miles  of  distributaries. 
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The  Chenab  Canal  is  diverted  from  the  river  of  that  name,  and  c»hd 
mands  2,910,470  acres.  It  consists  of  430  miles  of  main  and  bran*  h 
canals  and  2,059  miles  of  distributaries.  To  the  end  of  1901  it8«:<M 
was  $11,111,000,  when  it  earned  14  per  cent  interest  on  that  outliv. 
In  the  same  year  it  irrigated  1,384,046  acres  on  a  maximum  dischar^t 
of  10,474  second-feet. 

SIDHNAI  CANAL,  PUNJAB. 

Estimates  for  a  permanent  inundation  canal  from  the  reach  of  ^h- 
Ravi  River  were  submitted  in  1875  by  Mr.  E.  C.  Palmer.  In  tLL- 
project  the  head  of  the  canal  was  located  at  the  top  of  the  straip: 
reach  called  the  Sidhnai.  Owing  to  bad  alignment  (as  Mr.  Palin»^r'> 
project  followed  a  low  depression  for  many  miles),  th^  position  of  th- 
head-works  was  abandoned,  and  a  new  site  selected  at  Tatyraj,  wh*-> 
the  section  of  the  river  is  770  feet  across  and  the  banks  consist  of  -tif 
brown  clay. 

The  maximum  discharge  of  the  river  is  18,000  second-feet,  and  Is  i-* 
likely  to  be  exceeded.  Gage  records  show  that  all  idea  of  the  c'^- 
struction  of  a  perennial  canal  from  this  part  of  the  river  must  be  al»ar- 
doned,  as  twice  since  1875  the  Ravi  has  been  absolutely  without  fl - 
during  the  cold  season.  As  constructed,  the  only  masonry  work^  *  c 
the  canal  besides  the  head-works  are  the  bridges  and  the  heads  of  «!> 
tributary  channels.  The  area  commanded  is  about  381 ,000  acres.  ' ' 
this  the  present  works  provide  for  the  irrigation  of  104,900  ai*rv^ 
The  duty  was  assumed  to  be  60  acres  per  second-foot,  and  the  'ii-- 
charge  of  the  canal  was  placed  at  800  second-feet.  The  rainfall  -t 
the  irrigated  area  has  averaged  5.9  inches  per  annum.  When  i^ 
canal  project  was  reported  on  in  1883  most  of  the  country-  was  covtT^: 
with  jungle  to  within  about  3  miles  of  the  river.  This  jungle  <-» ': 
sisted  of  coarse  grass,  brush,  and  tamarisk.  The  crops  now  gr^^^i 
on  this  land  during  the  summer  season  are  sugar  cane,  indigtk,  ri  > 
cotton,  and  millet,  and  during  the  autumn  season  ^^heat^  bari' 
turnips,  and  lentils. 

On  the  line  of  the  canal  no  drainage  or  protective  works  are  ro<iuir^ 
except  one  or  two  very  insignificant  ones.     At  first  the  canal  was*»: 
excavated  to  half  width,  but  all  the  masonry  works  were  construrt- 
of  full  width.     As  finally  aligned  the  canal  leaves  the  Rairi  Rivt-r  / 
right  angles  and  runs  straight  for  2,000  feet,  where  along  eur\'ei'"3 
mences,  ending  at  3^  miles.     It  then  keeps  along  the  divide  to  Clii 
parata,  whence  it  runs  mainly  in  the  bed  of  the  old  river  Ravi.    Thr^ 
are  four  main  distributaries  and  six  minor  ones. 

The  head-works  consist  of  a  regulator  with  8  sluice  openings  o( ' 
feet  each.  The  curtain  walls  of  the  regulator  and  river  bank^  a/ 
founded  on  wells  10  feet  below  the  present  river  bed.  Wells  w.  > 
adopted  in  preference  to  concrete,  though  they  are  more  expen>i'^ 
and  it  was  not  certain  that  the  latter  could  be  put  in  10  feet  belov :. 
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bed.  The  weir  consists  of  a  wall  750  feet  long,  founded  on  concrete 
in  the  center  and  on  wells  for  20  feet  from  eatJh  bank. 

The  maximum  discharge  from  the  canal  is  2,452  second-feet,  the 
bed  width  of  the  main  canal  is  80  feet,  the  depth  of  water  5  feet,  and 
the  velocity  of  flow  1.85  second-feet.  The  discharge  of  the  river  varies 
between  nothing  at  extreme  low  water  and  18,000  second-feet  at  maxi- 
mum flood. 

The  total  cost  of  this  work  to  the  end  of  1901  was  $620,000.  The 
net  receipts  for  the  same  year  amounted  to  $34,500,  or  5.8  per  cent 
on  the  capital  invested.  The  water  rate  charged  per  acre  irrigated 
during  the  autumn  crop  was  62  cents  and  the  duty  during  the  same 
season  was  85  acres  or  $57. 

THE  SOANE  CANALS. 

Like  the  Sirhind  canal  in  the  Punjab,  the  Soane  system  in  Bengal 
may  be  taken  as  an  example  of  the  most  recent  practice  in  the  con- 
struction of  a  perennial  canal  system.  The  Soane  canals  are  included 
in  one  system  heading  at  a  common  point  and  having  a  common 
diversion  weir.  They  consist  of  two  main  lines,  one  flowing  from 
each  bank  of  the  Soane  River.  The  Soane  River  is  a  tributary  of  the 
Gauges,  rising  in  the  central  plateau  of  India  and  having  a  course  of 
about  350  miles  through  the  high  country.  Near  Rhot^a  it  breaks 
through  the  hills,  which  at  this  point  are  2,100  feet  above  the  sea, 
whence  it  flows  northeasterly  for  75  miles  through  the  Gangetan  Plain 
to  its  junction  with  the  Ganges  near  Arrah.  In  the  plain  it  flows 
through  the  districts  of  Shahabad  on  the  left  or  west  bank  and  Patna 
and  Gay  a  on  the  east  bank.  These  are  among  the  most  fertile  and 
highly  cultivated  districts  in  Bengal,  densely  populate  and  studded 
with  ancient  cities.  The  successful  operation  of  the  Soane  canals  is 
largely  due  to  the  acreage  which  is  cultivated  during  the  autumn 
season. 

The  works  of  the  Soane  canal  were  first  undertaken  by  the  East  India 
Irrigation  Company,  but  given  over  to  the  Government  when  scarcely 
any  work  had  been  done.  The  schema  was  originally  proposed  in  1853 
by  Lieut.  C.  H.  Dickens.  A  plan  to  utilize  the  larger  portion  of  the 
volume  of  the  Soane  was,  however,  amplified  by  the  same  oftlcer  in 
1861.  In  1862  the  secretary  of  state  approved  of  the  project,  and  after 
discussion  by  Sir  A.  Cotton  and  Colonel  Rundall  it  was  forwarded  for 
the  approval  of  the  Government  in  1864.  In  addition  to  the  features 
now  existing  it  was  proposed  in  the  original  project  to  construct  res- 
ervoirs in  the  hills  south  of  Rajmahal  to  supplement  the  available 
discharge  of  the  river.  This  part  of  the  scheme  was  considered  too 
expensive,  however,  and  the  plans  were  changed.  In  1869  the  work 
was  undertaken  by  the  Government.  It  was  estimated  to  give  a  net 
profit  of  12i  per  cent  on  the  outlay.  In  1871  it  was  decided  to  recon- 
struct the  slope  of  the  canal,  as  the  supply  of  water  was  not  as  great 
as  had  been  anticipated. 
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The  catiClimeiit  tuisiQ  of  the  Soano  ahove  Oehree,  where  ih^  l-.-i'. 
works  are  situau-d,  is  about  22,000  square  miles  in  area,  and  io  fl... 
the  river  discharges  750,000  second-feet,  though  the  maiimara  !!.■ 
provided  for  is  1,250,000.  For  about  40  miles  below  the  (iivl■^: 
weir  the  floods  seldom  overtop  the  river  banks,  but  below  thai  p-is' 
its  junetioii  with  the  Ganges  it  is  almost  d4'ltaiv  in  charar-Kr,  mil-  : 
erable  overflow  taking  place.  To  about  this  point  the  eanal  tollon  ' 
bank  of  the  river  rather  closely,  after  which  it  diverges  aod  f'  I  -■ 
the  high  ridge  between  the  Soane  and  Ganges. 

The  diversion  weir  across  the  Soane  is  at  Dehree,  a  poinl  ii  u.  - 
below  where  the  river  leaves  theKymore  Hills,  and  isthelon;;i^!»  ■ 
in  one  uhbroken  length  of  masonry  that  has  ever  been  cinstnn--; 
being  2J  miles  long  and  8  feet  high.  In  high  flood  Ihe  river  tn-  • 
feet  above  the  crest  of  the  weir.     The  main  western  canal  il'l.l^ 


Fio.  8.— Tbora  NallA  aqueduct,  BoanecKiial. 

takes  off  from  the  weir  on  the  west  bank  where  it  encounWrssr.ii 
deep  cut.  It  crosses  the  Kao  Torrent  by  a  large  siphon  aJiuwlu  ' 
the  ninth  mile  and  similar  drainage  channels  i(i  the  sevenleenth « 
twenty-first  miles.  The  Arrah  canal  leaves  the  main  western  ai 
fifth  mile  and  follows  the  bank  of  the  Soane  to  the  tliirty-thini  u 
where  it  leaves  it  and  passes  close  to  the  town  from  which  il  tat'~ 
name,  tailing  into  the  Ganges.  On  this  line  are  V-i  locl^s  «:tb 
aggregate  fall  of  IGl  feet.  The  Buxar  canal  leaves  the  nutiii  «'~' 
at  the  twelfth  mile  and  is  almost  straight  from  that  {xiint  tuthe''' 
ges  at  Buxar.  The  total  fall  in  this  line  is  15.3,75  feet,  and  in 
twenty- ninth  mile  the  canal  ci-osses  the  Thora  Torrent  (fig.  M'H 
aqiieduct  with  i  arclies,  each  of  30-foot  spnn.  The  other  main  ■■■■<- 
of  this  system,  the  main  eastern,  takes  off  from  the  Soane  weirot 
eastern  bank  opjwsite  to  Dehree  and  is  7  miles  lung,  its  termin.i- 
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:>eiiig  at  Poon  Poon  Torrent.  The  Patna  canal  leaves  the  main  east- 
ern at  the  fourth  mile,  and,  after  following  the  river  bank  for  60  miles, 
s  diverted  to  the  ridge  and  tails  into  the  Ganges  near  Patna.  It  was 
estimated  by  F.  T.  Haig,  R.  E.,  when  chiefengineer,  that  these  canals 
flrould  pay  both  interest  and  working  expenses  on  the  outlay  until 
LSS7,  when  it  was  expected  that  they  would  return  a  net  profit  of  4^ 
^er  cent. 

The  important  feature  of  the  head-works  is  the  nio<le  of  construction 
)f  the  weir,  the  automatic  action  of  the  scouring  sluices,  and  the 
irrangement  of  regulating  gates.  These  are  elsewhere  described  in 
letail  ill  connection  with  the  subject  of  automatic  scouring  sluices, 
)n  pages  121-122,  127-128.  The  weir  and  principal  works  were 
lesigned  by  H.  C.  Levinge,  chief  engineer  of  the  East  India  Irriga- 
tion Company. 

The  minimum  discharge  of  the  Soane  River  at  Dehree  is  5,200  sec- 
3nd-feet  in  summer  and  1,870  second-feet  in  autumn.  The  maximum 
discharge  of  the  canals  is  6,350  second-feet,  of  which  the  main  eastern 
c^anals  discharge  1,850  and  the  main  western  series  4,500  second-feet. 
The  average  rainfall  ui)on  the  area  irrigated  is  41  inches.  The  gross 
area  commanded  by  the  entire  system  is  1,733,509  acres,  of  which 
1,016,400  acres  are  irrigated.  There  are  367  miles  of  main  canals  and 
1,217  miles  of  distributaries.  The  average  discharge  utilized  in  the 
autumn  of  1901  was  3,300  second-feet,  and  the  duty  performed  during 
tiie  autumn  was  110  acres  per  second-foot  of  the  supply  utilized. 
The  water  rate  per  acre  was  85  cents.  The  total  length  of  village 
channels  or  minor  canals  is  1,525  miles;  the  total  number  of  outlets 
for  distribution  of  water  is  6,000,  the  area  irrigated  per  outlet  being 
93  aci'es. 

In  the  Arrah  division,  Mr.  W.  A.  Inglig,  the  executive  engineer, 
calculated  the  supply  of  water  spread  over  the  country  was  equal  to 
an  effective  rainfall  of  5.7  inches.  On  the  assumption  that  one  water- 
ing of  6  inches  in  depth  is  given  every  fifteen  days,  1  second-foot  of 
discharge  should  irrigate  60  acres  if  the  outlet  were  constantly  open, 
or  40  acres  if  the  discharge  outlet  were  open  for  only  ten  out  of  fifteen 
days.  The  cost  of  repairs  to  the  head-works  in  1890  was  about  116,000 
per  annum  and  the  cost  of  maintenance  exclusive  of  head-works 
about  1581,000.  The  charges  for  silt  clearances  amount  to  $30,000  per 
annum,  the  total  amount  of  clearances  being  10,850,000  cubic  feet 
and  the  rate  about  $3  per  1,000  cubic  feet.  The  silt  clearances  were 
made  by  means  of  large  steam  dredges.  The  total  cost  for  weed 
clearance  was  $1,600  in  1888,  and  the  mileage  rate  or  cost  of  repairs 
varied  from  $30  per  mile  on  distributaries  to  $65  per  mile  on  smaller 
branches,  $211  on  larger  branches,  and  !§?2,800  on  the  main  western 
canal. 

The  following  is  a  statement  of  traffic  on  these  canals  for  the  year 
1888.    There  were  218  miles  of  canal  open  for  navigation.     The  toll- 
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age  receipts  from  private  boats  amoanted  to  $12,000;  on  governniH-: 
boats  $1,400,  and  on  rafts  $3,500.  These  with  minor  items  m\<^ 
the  total  receipts  from  tollage  $18,600.  The  maintenanoe  ehxr^ 
including  navigation  establishment,  were  $11,800  and  the  net  t^\^ 
nue  from  navigation  was  $6,800.  The  total  number  of  cargo  hm-^ 
was  4,547;  of  passenger  boats  530.  The  total  tonnage  of  these  b(ia> 
for  cargo  traffic  was  71,243  long  tons  and  for  passenger  trafficlii " 
long  tons,  and  the  total  ton-mileage  was  4,635,000  miles.  The  k. 
mated  value  of  the  cargoes  was  $1,785,000  and  the  passengers  n:- 
ried  numbered  46,170.  There  were  estimated  to  be  3,089,003  t-a 
feet  of  rafts,  valued  at  $107,000.  The  toUage  receipts  per  ton-mir 
on  boats  was  3  mills,  and  tollage  on  rafts  jjer  hundred  cubic  feet  w& 
11  cents. 

The  total  outlay  on  the  Soane  system  to  the  end  of  191^1  wa^ 
$17,558,000  and  the  revenue  in  1 901  was  $175,000.  The  gross  RKyir* 
were  $370,000.  There  was  a  net  revenue,  after  deducting  all  work  l: 
expenses,  of  $162,000,  or  1.8  per  cent,  on  the  capital  outlay. 

CROSS  SECTION,  SLOPE,  AND  ALIGNMENT. 

In  designing  a  canal  system  the  Indian  engineer,  having  decide!  • 
the  location  of  the  head-works  and  ascertained  the  source  of  supply  .^ 
the  area  and  location  of  irrigable  lands  to  be  served,  next  eonsii  -^ 
the  proportion  of  width  to  depth  of  his  channel,  the  cross-seeii- : ' 
area  being  fixed  by  the  supply  of  water  to  be  discharged  at  any  pti  : 
On  the  Western  Jumna  canal  the  proportion  of  depth  to  width  is  tl 
which  the  Jumna  River  has  in  the  course  of  years  formed  for  it.-*^' 
found  by  trial  to  be  about  1  on  13.     On  the  Bari  Doab  the  proper  - 
fixed  in  construction  was  1  on  15,  and  on  the  Sirhind  1  on  14.    Id  ' - 
case  of  the  Nira  canal,  which  is  nonnavigable  and  of  a  smaller  eap;*^ 
ity  than  those  just  described,  the  proportion  is  much  less,  the  dtp' 
being  T-k  feet  and  the  bottom  width  23  feet.     On  the  Soane  the  e  r. 
western  line  has  a  depth  of  10  feet  and  a  bottom  width  of  100  feet,  ' 
a  proportion  of  1  on  11.     TheBetwa,  which,  like  the  Nira,  is  nonna 
gable,  is  relatively  deeper  than  the  larger  canals,  being  5  feet  deep  * 
a  15-foot  bed  width  on  some  branches,  and  on  others  6  feet  deep*' 
30- foot  bed  width.     The  proportion  first  given  is  such  as  will  *rJ 
only  to  canals  so  great  as  to  correspond  in  their  general  charaeV'  * 
tics  to  large  rivers. 

The  side  slopes  of  the  canal  (fig.  9)  are  generaUy  arranged  atv  ' 
ing  to  the  facilities  for  excavation,  and  are  such  that  the  groon*!  ^ 
stand  at  a  natural  angle.  In  the  soils  in  which  the  canals  are  generA 
excavated  in  Bombay  the  side  slopes  are  usually  1  on  l^  on  the  in-i 
and  1  on  2  on  the  outside.  The  matter  of  fixing  the  cross  section  V  • 
been  a  difficult  one  to  solve  on  account  of  the  conflicting  conditior.* 
the  supply  of  water  required  and  velocity  jiermissible.    This  ia  fix" 
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the  liability  to  growth  of  weeds,  the  deposit  of  silt,  or  the  destruc- 
GL  of  the  banks  by  erosion. 

laving  determined  the  quantity  of  water,  fixed  the  proportion  of 
Ith  to  depth^rand  ascertained  a  maximum  for  both,  the  slope  of  the 
I  l)econies  one  of  the  most  important  remaining  problems  in  the 
dgn  of  the  canal.  If  the  sloi)e  be  too  great,  the  bed  of  the  canal 
I  its  sides  will  be  eroded  and  the  integrity  of  the  masonry  and  other 
aetxires  endangered.  If  it  be  too  small,  a  larger  section  of  channel 
1  be  required  to  discharge  a  given  quantity  of  water,  and  additional 
pks,  as  falls,  may  be  necessarj'^  to  overcome  the  excess  of  surface 
pe  in  the  country.  The  growth  of  weeds  and  aquatic  plants  and 
)  deposit  of  silt  will  become  a  troublesome  evil.  As  it  is  difl&cult  to 
>id  both  extremes,  a  compromise  has  generally  to  be  made.  It  is, 
'haps,  well  to  err  on  the  safe  side  and  give  to  the  bed  the  greatest 
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Fig.  9.— Canal  cross  sections. 


ape  apparently  desirable.  If  this  slope  should  prove  to  be  too  great 
•  the  fall  of  the  country  too  rapid,  the  difficulty  may  be  remedied  by 
troducing  falls  and  rapids  in  the  channel  to  diminish  its  general 
ope  and  concentrate  the  loss  of  grade  in  a  few  places.  In  different 
►ils  and  in  different  canals  the  velocity  given  for  the  prevention  of 
le  growth  of  weeds  and  the  deposit  of  silt  differs  largely,  but  it  has 
een  found  generally  that  the  minimum  velocity  is  about  1^  feet  per 
Jcond.  According  to  American  experience  this  is  too  low,  as  we. 
sually  consider  that  2^  or  3^  feet  per  second  is  the  minimum.  In 
ndia  the  maximum  for  ordinary  soils  rarely  exceeds  4  feet  per  second, 
ti  America  it  is  often  much  higher. 

One  of  the  greatest  difficulties  encounticred  in  India  in  determining 
he  velocity,  slope,  and  cross  section  to  be  given  to  a  canal  has  been 
he  introduction  of  navigative  works.     These  are  generally  antago- 
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nistic  to  the  requirements  for  irrigation  purposes  only.  The\>;. 
of  the  current  in  navigable  canals  must  be  low  in  order  to  j*: 
traffic  in  both  directions.  In  the  Ganges  canal,  withabotUim* 
of  170  feet  and  a  7-foot  supply,  a  slope  of  14  inches  per  mile  ha? 
given  in  the  sandy  soil  of  the  upper  reaches,  and  the  resultant 
ity  is  such  that  the  current  has  just  ceased  to  cut  the  hanks  hd  ! 
deposit  silt.  In  the  first  portion  of  the  canal  where  the  M  i- 
gravel  and  bowlders  the  fall  is  24  inches  ^r  mile.  Fromthert- : 
slope  of  from  15  to  17  inches  has  been  found  to  be  too  great,  iht^? 
having  done  much  damage  to  the  banks.  The  larger  portion  t-: 
reach  of  20  miles  from  Hard  war  to  Roorkee  is  extensively  ripni; 
now  and  the  engineers  are  continually  adding  a  lining  of  bt>w!.>> 
the  bed  and  sides  of  the  canal. 

The  velocity  of  3  feet  per  second,  which  was  originally  given  * 
Soane  canal,  caused  much  damage  by  erosion  and  had  to  be  reiu^! 
Colonel  Anderson,  R.  E.,  made  some  interesting  remarks  on  thl*  • 
ject  in  the  Roorkee  Manual,  among  which  were  the  follovini:: 

Where  the  fall  of  the  cotmtry  is  tolerably  uniform  the  slope  of  the  bf«i 
main  channel  mnst  be  less  than  that  of  the  branches.    This,  again,  mo^.  " 
than  that  of  the  distributaries  and  minors,  the  object  being  to  secnre  «*- ' 
possible,  a  uniform  velocity,  so  that  the  matter  carried  in  suspension  may  ► 
ried  on  from  the  head  and  deposited  over  the  irrigated  lands.    At  thph-> 
canal  it  is  sometimes  desirable  to  reduce  the  width  in  order  that  withanb*  • 
depth  the  velocity  may  be  the  same  as  that  in  the  channel  lower  down. 

He  says  that  the  accumulation  of  silt  in  the  main  channels  i>"* 
ous  impediment  to  obtaining  a  supply  of  water  until  the  vr^t 
mature,  and  their  clearances  are  enormously  expensive.    If  tb  - 
can  not  be  carried  to  the  fields,  it  is  a  step  in  advance  to  pivv*^- 
accumulation  in  the  main  channel.     It  is  easier  to  clear  out  thpi 
branches  without  cutting  off  the  supply  from  the  main  river.  E^- 
are  introduced  at  intervals  in  all  canals  for  the  control  of  'b 
charge  of  w^ater  and  to  facilitate  silt  clearances  and  as  a  pn*vK 
of  its  deposit. 

The  following  interesting  observations  were  made  by  Major  (r 
in  his  report  on  the  Ganges  canal  relative  to  velocities  of  (ur 
Where  the  current  seemed  to  be  perfectly  adjusted  to  a  light.  -^ 
soil  the  velocity  of  the  surface  was  found  to  be  from  2.3  to  iA  f-* 
second  and  the  mean  velocities,  using  0.80  as  a  coefficieni,  vei>  * 
to  be  1.85  to  1.93  feet  per  second.     In  one^  place,  where  silt  va?  • 
constantly  deposited,  the  mean  velocities  were  from  2  to  2. 3  f** 
second.     On  the  same  canal  in  very  sandy  soil,  "mth  nearly 
supply  of  wat-er,  the  maximum  surface  velocity  was  found  t«»  • 
and  the  mean  velocity  2.49  feet  per  second.     In  one  of  the  *i> 
taries,  where  the  soil  is  sandy  with  a  fair  proportion  of  clay,  tb«^ 
velocity  Avas  1.93.     Here  silt  was  deposited  but  no  weeds  ?rp« 
the  Western  Jumna  canal  Colonel  Dyer,  R.  E.,  found  thai  »:■ 
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posited  with  mean  velocities  of  from  2  to  2:1'  feet,  and  in  sandy  soil 
feet  per  second  was  the  highest  mean  velocity  for  noneutting. 
ckson's  and  Neville's  formulae  are  those  most  usually  employed  in 
3  determination  of  velocities  and  corresponding  cross  sections.  In 
signing  the  proi)ortion  of  excavation  to  embankment  and  the  width 
berra,  several  interesting  but  involved  formulae  are  employed  bj^ 
3  Indian  engineers,  of  little  service,  however,  as  guides  to  the 
signers  of  American  canals. 

Grreat  care  and  judgment  must  be  exercised  in  the  alignment  of  an 
igation  canal.  Any  change  of  direction  causes  a  loss  of  velocity, 
(i  the  slope  should  be  changed  if  it  is  essential  to  introduce  a  curve. 
le  water  drawn  into  branches  and  distributaries  loses  velocity  in 
ssing  through  the  head-sluices  unless  they  possess  the  full  water  • 
y  of  the  channel,  and  due  allowance  should  be  made  for  this  by 
ding  to  the  slopes  at  the  heads  of  branches.  The  Indian  engineer 
ve  always  deemed  it  essential  in  designing  their  canal  systems  to 
ike  a  thorough  and  detailed  survey  of  the  country  to  be  irrigated, 
that  the  most  perfect  alignment  and  command  of  the  lands  can  be 
tained.  Trial  level  lines  and  careful  transit  surveys  are  run,  after 
ough  survey  has  been  made,  and  the  whole  is  shown  on  a  large  scale 
titour  map.  A  complete  delineation  of  the  drainage  of  the  country 
()n<^  of  the  primary  objects,  as  is  also  the  direction  of  the  drainage 
tlots  and  the  interfluves.  The  nearer  the  line  of  the  canal  approxi- 
ites  to  the  summit  of  the  watershed  the  better  will  be  the  align- 
»nt,  as  the  interference  with  the  surface  drainage  of  the  country 
11  then  be  the  least  possible.  In  encountering  cross  drainage  pro- 
don  must  be  found  for  its  safe  passage,  and  unless  the  streams  are 
ry  small  they  should  never  be  permitted  to  enter  the  channel.  The 
nal  should  always  be  made  to  tail  into  some  drainage  line  or  river, 
that  the  surplus  may  not  be  lost,  and  in  order  to  insure  a  suflBcient 
3ur  it  is  deemed  advisable  to  increase  the  velocity  at  the  end. 
hen  practicable  all  embankmen^p  are  formed  by  ramming  the  soil 
thin  layers.  Where  the  channel  runs  through  sandy  soil  the  beds 
id  banks  should  be  covered  by  an  impervious  puddle. 
Great  care  has  been  used  to  fix  the  permanency  of  all  transit  points 
id  bench  marks,  etc.,  on  the  surveyed  lines  of  canals  in  India.  On 
e  outer  edge  of  the  berm  are  placed  masonry  mile  posts,  with  smaller 
asonry  pillars  every  one-fourth  mile,  while  on  the  inside  white- 
ished  stones  are  laid  into  the  ground  every  100  feet.  At  frequent 
tervals  large  substantial  masonry  benches  are  established. 

HEAD-WORKS. 

The  head-works  of  canals  are  usually  located  at  the  points  where 
le  rivers  emerge  from  the  hills,  in  order  to  obtain  a  sufficient  com- 
and  of  land  and  allow  the  canals  to  reach  the  summits  of  the  inter- 
uves  with  the  shortest  possible  length  of  diversion  line.     In  India, 
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owing  to  the  great  volume  of  flood  water  required  to  be  pa*!^. 
the  diversion  weir,  it  is  necessarj^  to  have  an  extremely  wide  ^i  - 
way,  and  it  is  usual  to  locate  the  weir  in  a  relatively  wideponi. 
the  channel.     If  the  only  consideration  in  the  location  and  i^'n>  • 
tion  of  a  weir  was  the  raising  of  the  water  of  the  river  to  the  W 
the  canal  bed,  in  order  to  obtain  the  shortest  possible  divei^i'n  . 
the  most  favorable  location  would  be  in  the  lower  courses  of  the  r 
where  the  fall  is  gradual  and  the  banks  shallow.     Such  an obriTrj. 
of  the  bed  in  these  localities  would,  however,  raise  the  surfao*-  •': 
water  in  freshets,  rendering  necassary  the  construction  of  ar.: 
embankments  and  other  protective  works,  and  would  lie  tit>T, 
objectionable:     A  rock  bed,  though  a  great  advantage  and  al«i}' 
be  preferred,  is  not  considered  an  indispensable  requisite  ir: 
structing  weirs. 

Several  great  Indian  weirs  have  been  thrown  across  riven^  ?  - 
beds  consist  entirely  of  pure  sand,  reaching  far  below  the  f  r 
tions.     In  such  constructions  the  chief  requirement  is  a  strong  a:/ 
beneath  the  weir  to  break  tlie  fall  of  the  water  and  prevent  thr^ : 
dations  from  being  undermined.     T^rof.  George  Davidson  savs 

In  order  to  reduce  the  first  cost  of  construction  it  has  become  a  t^-" ' 
America  to  build  bridges  and  dams  across  streams  at  the  narrowest  p>i3>  • 
able,  or  to  contract  the  streams  for  that  purpose.     This  frequently  inTolvr-  .- 
difficulty  to  the  engineer  in  laying  the  piers  and  abutments,  and  also  bnxr^ 
additional  danger  by  adding  to  the  scouring  effect  of  the  w&ter  on  a  oi*'. 
channel;  it  also  produces  the  evil  effects  by  the  formation  of  shoals  r*-' 
scouring-out  channel.    The  proper  location  for  such  works,  especially    • 
rivers  with  unstable  banks,  is  in  the  broad  reaches  of  the  stream,  vh-^ 
depth  of  the  water  is  less  and  where  a  bar  has  been  already  formed  -^T"- 
river  by  natural  causes.  <> 

A  dam  across  a  river  is  analogous  to  a  bar,  and  should  b*^ i-^^ 
and  treated  as  such.     If  this  is  placed  at  the  broadest  pan  ■• 
stream  the  cost  of  construction  may  be  incrciised,  but  not  t- 
sarily.     Instances  of  the  location  of  weirs  in  the  broadest  re*l  • 
rivers  may  be  cit^ed  in  the  case  of  nearly  every  weir  coastru'  - 
India.     The  weir  at  the  head  of  the  Ganges  canal  occupies  tv 
width  of  the  channel;  those  of  the  Bari  Doab  and  of  theS^r. 
thrown  across  at  points  where  the  width  of  the  river  is  an  avr. 
The  weir  at  Okhla,  at  the  head  of  the  Agra  canal,  is  also  cvmst'^ 
in  a  broad  reach. 

The  head-works  of  Indian  canals  consist  essentially  of  th* 
across  the  river  by  which  the  level  of  the  water  is  raised  and  r^ 
checked;  of  a  set  of  scouring  sluices  placed  in  the  weir  at  tI 
adjacent  to  the  canal  head,  the  object  being  to  create  a  constat 
past  this  head,  thus  preventing  and  carrying  off  any  excessive  ti-: 
of  silt,  keeping  as  they  do  the  course  of  the  main  channel  of  tn*- 
close  to  the  canal  head ;  and,  lastly,  of  a  regulator  across  the  \ 
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^anal  channel,  by  which  the  proper  quantity  of  water  is  admitted 
In  a  few  cases,  as  those  of  the  Ganges  and  Jumna  canals,  where 
eanal  is  taken  from  a  branch  of  the  river,  a  permanent  dam  is 
vvn  across  this  channel  only,  the  water  being  diverted  to  it  by 
ns  of  the  river-training  works. 

WEIRS. 

le  weirs  employed  are  of  various  kinds,  but  are  always  cou- 
nted substantially  of  masonry  and  are  well  founded.  They  may 
on  solid  rock  foundations  and  be  nearly  vertical  with  an  over- 
onto  a  rock  bed,  or  flat  and  low,  founded  on  wells  in  sand,  with 
rtical  overfall  onto  an  apron  of  masonry;  or  they  may  be  similar 
le  latter  with  the  exception  that  instead  of  the  vertical  overfall 
downstream  slope  may  be  constructed  of  loose-packed  rock  on  a 
:  slope  of,  say,  1  on  15 
on  20.  Only  rarely  are 
porary  weirs  constructe<l 
ply  of  loose  bowlders, 
two  great  classes  of 
•s  are  solid  weirs,  such 
hose  above  indicated,  or 
ti  weirs,  in  which  the  ob- 
iction  is  temporary,  as 
lies  or  removable  sluice 

he  antiquity  of  weirs 
very  remote.  The  first 
It  weir,  that  at  Tulkad, 
the  river  Cauveri,  is  said 
have  been  constructed 
one  Madwa   Kou,  A.  D. 

Many  others  are  said  to  belong  to  the  sixteenth  century,  while 
ers  are  of  intermediate  dates.  The  new  works  of  the  Indian 
ives  are  of  minor  imjwrtance,  with  the  exception  of  the  Poorniah 
knnel,  constructed  in  the  early  part  of  this  century  to  lead  the 
red  waters  of  the  Cauveri  River  to  Misau.  Rough  stone  weirs 
«t  at  the  heads  of  most  of  the  channels  in  Misau.  These  raise  the 
rer  level  to  the  required  height,  the  lowest  being  7  feet  and  the 
;he8t  25  feet.  The  canals  are  for  the  most  part  supplied  with 
filiating  sluices  at  their  heads  and  with  escapes  for  getting  rid  of 
^d  waters. 

The  accompanying  illustration  (fig.  10,  A)  shows  the  section  of  a 
tive  weir  constructed  early  in  the  present  century,  the  breadth  of 
ueh,  parallel  to  the  course  of  the  stream,  was  168  feet.  This  weir 
asisted  of  a  mass  of  rubble  and  large  stone,  the  front  face  formed 
stones  \\  by  1  foot,  while  the  apron  was  composed  of  rough  stone 


Pto.  10.— Three  ancient  weirs. 
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blocks  9  by  3^  by  2  feet,  laid  in  uneven  courses.    All  the  inteN 
were  filled  with  large  rubble.     Repairs  were  first  made  in  lS4i  ^ 
thereafter  were  carried  out  on  a  slightly  different  plan,  (B)tli>^: 
eral  section  being  retained.     The  repaired  dam  appeared  as  herf 
cated.     These  illustrations  give  a  fair  idea  of  the  attention  ^vet 
the  natives  to  this  class  of  work  and  indicate  the  fallacy  of  tre* 
to  size  and  position  of  the  material  instead  of  to  the  horaogen*-!^' 
the  work.     Notwithstanding  the  employment  of  large  blocks  of  *• 
and  skillful  application  of  material  the  dam  was  breached  iiv»*  !• 
between  1842  and  1863. 

A  latter  development  is  indicated  in  the  cut  given  of  the  Ms 
weir  (fig.  10,  C).     Greiieral  Greene  retained  the  native  section  uf 
weir,  but  corrected  its  chief  failing  by  building  an  impenriou>  ^ 
and  mortar  face  against  its  upper  side.     The  natives,  with  lh»- «! 
of  decreasing  the  depth  of  water  flowing  over  the  weir  in  floinl ' : 
carried  the  work  in  a  curved   line,  its  general  direction  kc 
upstream.     The  length  of  the  weir  was  nearly  double  the  » 
breadth  of  the  river,  and  its  crest  was  at  different  levels  in  diff  t 
places;  the  part  next  the  head  sluice  being  invariably  lower  th^i^ 
rest  relieved  the  head  of  water  pressure  against  it  during  flo^i-i 
these  features,  shown  by  experience  to  be  desirable  with  the  u 
works,  are  so  many  defects  with  the  solid  masonry  work  nowadt ; 
The  regulators  in  the  old  works  at  the  heads  of  canals  werv  &  ^ 
constructed  of  rough  stone  posts,  the  openings  between  vhieh  ^' 
stopped  with  rough  timber  and  fulfilled  their  objects  in  an  imf-^: 
manner.  * 

In  regard  to  the  two  main  designs  adopted  by  modern  praiti<- 
weirs,  namely,  the  open  and  the  closed  or  solid  weir,  the  advant^^ 
the  latter  is  that  it  is  self-acting  and  if  well  made  requires  no  ^^i" 
or  maintenance.     Its  first  cost,  however,  is  greater  than  that 
open  weir,  and  it  interferes  with  the  regimen  of  the  river,  i-au^ 
deposits  of  silt  above  it  and  x)^rhaps  making  the  river  seek  ai 
channel.     The  open  or  scouring  sluice  weir  interferes  but  littk 
the  normal  action  of  the  river.     The  scour  produced  by  openiij' 
gates  prevents  the  deposit  of  silt  and  its  first  cost  is  leas  than  tLv 
the  closed  weir.     Another  form  of  weir,  the  best  examples  of ' 
are  to  be  found  in  the  barrages  of  France,  consists  of  a  weir  op'r: 
whole  width  of  the  channel,  the  object  being  to  prevent  in  v 
flood  the  wat-er  being  backed  up,  thus  submerging  valuable  pr"; 
above  the  weir.     The  obstruction  in  the  river  channel  may  bt*  <  n 
removed  by  opening  the  gates  the  full  width  of  the  weir. 

The  ordinary  weir  consists  of  a  masonry  floor  acting  as  an  a] 
properly  founded  and  carried  across  the  entire  width  of  theriw* 
with  the  level  of  the  bed  and  protected  from  erosive  action  by  •• 
walls  up  and  down  stream.     On  a  portion  of  this  is  construd*^ 
upper  work,  which  may  consist  of  a  solid  wall  and  part  in»^ 
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s,  the  interstices  between  the  latter  being  closed  by  some  tem- 
iry  ari*angement,  thus  creating  the  scouring  sluices.  Weirs  proper 
in  no  instance  to  be  looked  upon  in  the  light  of  storage  works. 
y  may  for  a  trifling  period  during  the  dry  season  answer  that 
K>se,  but  the  irrigation  from  them  depends  in  all  cases  on  the 
inual  flow  of  a  small  quantity  of  water  or  upon  an  auxiliary  sup- 
from  storage  waters  situated  higher  up.  In  speaking  of  the  mode 
instructing  low  diversion  weirs  with  long  slopes,  Col.  Baird  Smith 

rivers  with  beds  of  pnre  sand  and  having  slopes  of  34^  feet  per  mile  such  weirs 
l)e  constructed  and  maintained  at  a  very  moderate  expense,  and  the  elevation 
e  beds  of  the  rivers  on  the  upper  sides  of  these  weirs  to  the  full  height  of  the 
ns  is  an  inevitable  consequence  of  their  construction  and  no  arrangement  of 
r  sluices  has  yet  been  effective  to  prevent  this  result. 

L  regard  to  founding  these  structures  on  wells,  he  further  says: 

pure  sands  acted  on  by  currents  due  to  a  fall  in  the  river  bed  of  3^  feet  per 
,  and  exposed  to  the  action  of  floods  from  12  to  15  feet  deep,  well  foundations 
ont  and  rear  of  6  feet  in  depth  have  been  proved  by  experience  to  be  safe.« 

s  a  general  rule  the  masonry  apron  should  have  a  thickness  equal 
Qe-half  and  a  breadth  between  three  and  four  times  the  vertical 
;ht  of  the  w^eir  fonning  the  obstructive  part  of  the  dam.  The  effi- 
cy  of  the  dam  depends  upon  the  construction  and  careful  main- 
ince  of  the  apron.  In  time  of  freshets  the  water  backed  against 
toe  of  the  weir  has  a  protecting  effect  on  the  apron  by  producing 
ater  cushion,  and  as  the  flood  rises  the  height  of  fall  from  the  weir 
t  gradually  diminishes,  and  in  a  flood  of  IG  feet  over  an  ordinary 
r  it  wholly  disappears,  leaving  scarcely  a  ripple  on  the  surface  to 
cate  the  existence  of  the  masonry  mass  below. 
I  the  construction  of  weirs  in  rivei-s  with  sandy  beds,  wells  may  be 
sidered  as  the  feature  of  Indian  engineering.  Iliese  are  essen- 
ly  open  blocks  or  cylinders  of  brick  usuall}'  sunk  in  the  bed  of  the 
T  at  low^  stage  and  are  protected  by  temporary  sheet  piling  placed 
ft'een  their  outer  edges,  while  the  intermediate  spaces  are  being 
d  in  with  concrete,  thus  forming  a  solid  wall  floating  in  sand,  upon 
ch  is  built  the  superstructure  of  the  weir,  scouring  sluices,  apron, 

retaining  walls.  Whatever  the  form  of  foundation,  be  it  gravel 
hardpan,  solid  rock  or  wells,  the  first  portion  of  the  weir  con- 
icted  is  the  scouring  sluices,  which  are  carried  on  at  the  same  time 
h  the  regulators  at  the  head  of  the  canal.  This  order  is  pursued 
ause  after  the  construction  of  the  scouring  sluices  the  water  in  the 
3r  may  be  diverted  through  them  while  the  work  upon  the  remain- 

of  the  weir  is  progressing,  and  especially  so  that  it  may  be  passed 
ough  them  when  the  closing  of  the  weir  is  effected.  The  heaviest 
k1  of  water  takes  place  through  these  scouring  sluices,  and  in  their 
istruction  the  very  best  workmanship  and  material  are  required. 
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The  weir  may,  if  desirable,  progress  at  the  same  time  with  ihesf  ]  - 
liminary  works.  The  cross  section  of  the  weir  is  neither  as  W.t  :• 
as  flat  as  that  of  the  foundation  and  sluiceways.  When  the  cl  ^  . 
of  the  weir  is  effected  the  low  water  in  the  channel  is  divert*?dthr  .: 
the  sluiceways,  sand  or  other  material  available  is  carried  acpis^ 
last  opening,  foundations  are  built  up  as  rapidly  as  possible,  an:  • 
superstructure  closed. 

Where  a  good  rock  foundation  is  obtainable  in  the  bed  of  the^'^ 
close  to  the  surface  the  weir  is  given  an  entirely  different  c^os^  v^ 
from  that  of  weirs  constructed  of  other  material,  and  is  built  thr^r.. 
out  of  the  most  substantial  masonry  laid  in  cement.     In  ihe  ca^ 
some  weirs,  the  overfall  height  of  which  is  not  ^eat,  the  erost  s#- 
is  made  nearly  vertical  upstream,  and  a  slight  slope,  perhaps 4  oi; 
given  on  the  downstream  face,  which  is  usually  so  curved  as  \i) '-/ 
away  the  flood  water  with  the  least  shock  to  the  dam.     In  the  t^ 
higher  weirs  of  this  character,  or  those  over  which  ^reat  L  odsm.n; 
discharged,  it  is  usual  to  make  the  downstream  face  nearly  ver 
giving  a  sufficient  top  width  and  slope  to  the  upper  face  to  iDsu^ 
stability  of  the  structure  and  bring  the  resultant  line  of  prf>* 
within  the  middle  third.     The  object  of  the  vertical  slope  on  the  «i " 
stream  face  is  to  give  a  clear  overfall  for  the  flood  water.    Thi?  ' 
on  the  water  cushion  formed  by  the  construction  of  a  subsidian  - 
placed  some  little  distance  below  the  main  weir,  and  hacks  th*-  - 
up  against  its  base.     In  all  forms  of  overfall  w^eirs  liable  to  the  ?» 
shock  of  large  floods  it  is  customary  to  construct  these  sub<i 
weirs,  some  examples  of  which  will  be  given  in  their  proper  p 
In  the  location  of  such  weirs,  a  broad  reach  of  the  stream  b^  <  t.  - 
for  the  site  of  the  main  weir  in  order  to  reduce  the  height  t>f "  • 
passing  over  its  crest;  while  the  subsidiary  weir  is,  if  possible,  I"- 
in  a  narrower  place  so  as  to  produce  the  gi-eatest  depth  of  va:* 
the  toe  of  the  upper  weir.     Scouring  sluices  of  limited  cross-sef  r 
area  are  introduced  in  such  weirs  as  these,  their  object  being  t"  • 
a  clear  channel  immediately  in  front  of  the  canal  regulators. 

Of  weirs  founded  on  wells  in  sandy  rivers,  that  at  the  head « * 
Lower  Ganges  canal  at  Narora  presents  a  peculiar  type,  l)eiiii:  * 
stantially  built  of  masonry  and  with  a  profile  similar  to  thai  • 
masonry  weirs  just  described.     This  weir  is  constructed  eniir 
brick,  chiefly  because  of  the  cheapness  of  the  material  at  Xan^-i 
consists  of  a  wall  8  feet  wide  at  bottom  and  7  feet  at  top,  the » rt- 
which  is  9^  feet  above  the  river  bed.     The  upstream  slope  is  >^^* 
while  the  downstream  slope  is  nearly  so.     It  is  protected  on  the 
side  by  a  quantity  of  loose  roieks  or  bowlders  thrown  into  th^ : 
bed  nearly  flush  with  the  crest.     On  the  downstream  side  is  an ..; 
nearly  150  feet  wide  to  receive  the  impact  of  the  falling  water. 
first  40  feet  of  this  apron  is  composed  of  masonry  resting  on  four 
of  shallow  wells,  abutting  at  its  lower  end  against  a  row  of  » 
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low  this  is  a  considerable  depth  of  loose  hand-packed  bowlders 
rried  out  to  the  extreme  toe  of  the  apron. 

rhe  total  length  of  the  masonry  portion  of  this  weir  is  4:,V25  feet, 
»luding  the  scouring  sluices  at  the  head  of  the  regulator,  which  are 

7  feet  long.  The  left  end  of  the  weir  rests  on  an  earth  embank- 
jnt  a  little  outside  of  or  beyond  the  river  channel.  This  embank- 
)nt  is  1,000  feet  long  with  an  angle  at  the  shoal  end,  and  is  carried  up 
3  stream  for  some  distance,  thus  protecting  the  low  river  bottom  on 
it  side  from  flooding.  Detailed  drawings  of  this  weir  showing  its 
>8s  section,  the  plan  of  its  foundations,  and  the  arrangements  of 
3  embankment  and  canal  head  are  presented.  (Pis.  XI  and  XII 
dfig.  22.) 

Another  and  very  common  type  of  weir  founded  on  wells  is  that  rep- 
sented  by  the  weirs  at  the  heads  of  the  Agra  and  Soane  canals 
1.  X. )  The  weir  at  the  head  of  the  Agra  canal,  as  first  constructed, 
rd  too  bold  a  cross  section,  and  during  several  successive  years  the 
kver  end  or  toe  was  carried  away  in  time  of  flood.  It  has  iX3mained 
tiiet  ever  since  its  reconstruction  in  1875.  This  weir  is  without 
undations  of  any  sort,  resting  on  the  river  bed.  It  consists  of  a 
ill  of  masonry  4  feet  wide  on  top  and  a  little  wider  at  base  forming 
e  main  crest  line  of  the  weir,  the  height  of  which  is  10  feet  above 
e  river  bed.  From  this  crest  the  slope  upstream  is  carried  to  a  dis- 
nce  of  40  feet,  and  consists  of  large  stones  hand  packed  and  laid 
y .  The  downstream  slope  is  very  flat,  averaging  about  1  on  20,  and 
carried  a  distance  of  26  feet  to  a  point  at  which  is  constructed 
lother  masonry  well  similar  to  the  first  and  resting  on  the  river  bed, 
$  line  being  parallel  to  the  axis  of  the  weir  for  its  entire  length. 
»me  distance  below  this  is  a  smaller  well  similar  to  the  two  previ- 
isly  mentioned.  The  entire  remaining  portions  of  the  weir  consist 
large  stone  blocks  dry  packed,  the  walls  acting  as  bars  to  prevent 
ieir  sliding. 

This  weir  is  2,573  feet  long  from  the  right  bank  at  the  canal  head, 
le  left  wing  resting  on  an  island  in  the  middle  of  the  Jumna  River, 
n  embankment  20  feet  wide  on  top  was  carried  thence  to  and  across 
•e  east  channel  and  thence  up  the  left  bank  of  the  river  for  some 
iles.  The  scouring  sluices  are  139  feet  wide,  and  are  substantially 
►unded  on  four  lines  of  wells.  In  order  to  prevent  the  destruction  of 
lis  weir  by  the  action  of  flood  waters,  groins  of  a  peculiar  shape,  called 
tligator  groins,  are  constructed  on  both  the  upstream  and  downstream 
des  at  intervals  across  the  channel  of  the  river  and  i)arallel  to  the 
>urse  of  the  stream.     The  object  of  these  is  to  deflect  as  much  water 

8  possible  toward  the  right  bank  with  a  twofold  object — first,  the 
estruction  of  an  island  which  obstructs  the  channel  just  above  the 
rt-nal  head;  and  second,  to  aid  the  under  sluices  in  sucking  or  draw- 
^g  water  toward  them  at  low  water,  thus  affording  a  suflicient  dis- 
iiarge  in  front  of  the  canal  head. 

IKK  87—03 8 
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The  Soane  weir  {fig.  12)  is  similar  U>  the  Ayrii  weir  in  geufra!--i: 
titruotion,  but  resenililes  that  at  the  head  of  tho  JUidospoTf  i-an-i;- 
more  than  any  other.  It  consists  of  thrt'e  [>arallel  lines  of  loas-f- 
running  its  entire  length  and  varying  from  -Ji  to  5  feet  in  widili 
The  main  wall,  which  is  in  the  central  axis  of  the  weir,  is  5  f»l  w  '■ 
and  S  feet  high,  and  all  three  lines  of  walls  are  fuunde<l  od  well>  ?iia> 
from  C  to  f<  feet  in  the  sandy  bed  of  the  river.  Between  the*?  »;i  ■ 
is  a  simple  drj'  stone  packing.  The  ui>stream  slope  is  1  on  '.  !t 
duwiistreani  slope  1  on  13,  and  the  total  length  of  the  lo»"erslo^.- 


!)+  foot.  'I'he  tx)tal  length  of  the  weir  is  12,470  feet,  and  il  is  ]■:■' : 
in  height,  including  its  foundations.  On  top,  hinged  1o  th<-  :" 
edge  of  the  crest  wall,  is  a  row  of  iron  shutters  (fig.  1^),  each  1' ' 
long  and  23  inches  high,  which  are  snpported  by  stmts,  so  (hat  > 
the  river  is  low  they  increase  the  diverting  height  of  the  dam  ''^  ■ 
inches,  and  in  time  of  flood  they  fall  automatically,  thus  girin; 
flood  a  solid  masonry  crest  over  which  to  flow.  These  shuli^r*  ^ 
held  in  place  by  an  iron  rod  hinged  to  their  eenters  on  the  np^--  ■ 
Bide  at  about  one-third  of  the  height  from  tho  base. 
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The  weir  across  the  River  Ravi  (fig.  14)  at  the  head  of  the  Sidhnai 
'iiual   represents  a  new  and  different  type  of  construction.     At  the 
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point  where  the  weir  is  built  (fig.  15)  the  river  bed  for  250  feet  on  the 
left  bank  and  200  feet  on  the  right  bank  gives  a  good  clay  founda- 
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tion  for  a  reasontiblc  depth  below  the  top  of  thu  weir,  but  the  wtiinl 
portion,  390  feet  long,  i»  of  sand  too  deep  to  permit  of  carryiii):  lb- 
foundation  to  the  underlying  clay.     A  trench  was  dug  thma^  ik- 
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central  sandy  portion  to  a  depth  of  13i  feet  below  the  crc«t  uf  the  w--;:. 
and  foradiBtanceof  4(X)  feet,  and  sheet  piles  10  feet  long  were driv-L 
into  the  sand  as  a  protection  for  the  foundation,  and  to  prFv^;;i 
excessive  percolation  i"- 
low  the  level  of  the  wi: 
The  highest  recor-J-l 
flood  would  pass  I"  ft^i 
over  the  weir  crest  TTj- 
crest  of  the  weir  supp-tn- 
H  row  <>f  wooden  np^i> 
which  are  readily  Ttni'' ■ 
ftbleandareT.Sfeetluii: 
They  are  placfd  bet»-Tn 
masonry  pillars  aboni  - 
feet  apart,  thus  iactvis- 
ing  the  effective  diT-r- 
sion  heiRht  of  the  ■»■ ' 
by  their  length.  Th;- 
mode  of  eonstmctbai  i- 
indicated  in  fig.  U',  n . 
the  action  of  the  nee.il- 
is  more  fully  de*cnh>-' 
elsewhere. 

Of  temporarj-  »i'if- 
the  most  notable  eiaa 
pie  is  that  at  the  )if»A-' 
the  Ganges  canal  above  Hardwar  (fig.  18).  At  this  point  the  W  ' 
the  river  ia  composed  of  bowlders  of  various  sizes  to  a  eonsiderah 
depth.  The  head-works  of  the  canal  consist  of  a  number  of  separa^ 
structures  extending  up  the  river  above  the  head  of  the  canal  pn-C^' 
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a  distance  of  several  miles.  The  bed  of  the  river  is  divided  inw  *--t 
eral  chauDels,  the  principal  one  being  the  Elardwar  channel,  fnu 
which  the  canal  is  diverted  and  into  which  the  greater  part 'if  iti- 
water  in  the  stn^am  is  trained  by  means  of  various  works.  Tbp  ;.-rt- 
eral  plan  of  these  works  is  given  in  the  accompanying  sketcU.  At  tL- 
tipper  end  of  the  bifurcation  of  these  channels  is  a  masonry  waii  ■■" 
bar  constructed  across  the  left-hand  channel,  the  object  lieing  tv  f'.o- 
the  water  toward  the  Hardwar  or  right  bank.  The  Hardwar  chanti' 
from  this  point  on  is  protected  and  trainetl  by  means  of  a  ser" 
of  permanent  bowlder  embankments,  terminating  on  their  end>  '.l 
masonry  noses.  On  a  minor  channel  a  little  lower  down  a  permaD-f 
weir  is  constructed,  close  to  the  right  bank,  to  prevent  lheGari.-~ 
from  cutting  too  far  in  that  direction;  and  a  trifie  l>elowthis,  cntr^ic;! 
channel  leading  to  the  left  bank,  are  the  diverting  weirs  proper. "L 
sisting  of  a  series  of  three  temporary  bowlder  dams,  built  adnss  \i- 
channel  one  behind  the  other  in  such  a  manner  that  the  leakAj- 
throagh  the  first  will  be  caught  by  the  second  and  turned  back  m:- 
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the  Hardwar  channel,  and  that  from  the  second  will  be  c»Q?ht  ' ' 
the  third  and  diverted  again  to  the  Hardwar  channel.  Thet*'lrti"- 
are  desti-oyed  each  year  by  the  floods  and  it  has  been  found  nw*ss.r 
entirely  to  rebuild  them  annually,  new  bowlders  beinjr  bninght  J""" 
for  the  purpose,  as  the  old  ones  are  carried  too  faraway  to  beecon '"■ 
ically  collected.  Experience  has  shown  that  this  mode  of  constr;-^- 
tion  of  temporary  weirs  is  less  expensive  than  would  be  thai  •<(  i 
permanent  one  at  this  place. 

Large  pjTamidal-shaped  cribs  of  timber  are  formed  in  the  rouet"' 
manner  and  when  placed  in  position  are  filled  with  bowldere  (fii:  ' 
Bowlders  are  then  thrown  on  top  of  these  to  strengthen  andraist- ih- 
higher  and  the  channel  face  is  covered  with  small  branches  and  sm»' 
bowlders  and  sometimes  with  earth  to  prevent  excessive  leakage.  T^ 
velocity  is  about  10  feet  per  second  in  the  major  portion  of  the  lb- 
war  channel,  and  its  abrading  effect  is  excessive,  in  consequem-- 
which  lines  of  temporary  and  of  permanent  bowlder  banks  an<l  >■ ' 
masonry  dams  are  carried  from  this  point  the  entire  distan<^al<>n::  ' 
sides  of  the  channel  to  the  main  regulating  weir  below  Hanl"^ 
Just  beneath  and  below  the  bowlder  weirs  above  referred  t<>  mas-" " 
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11*8  are  sunk  in  the  bed  of  the  side  channel  to  prevent  retrogression 
levels,  and  a  few  hundred  yards  below  and  about  opposite  the  city 
Ilardwar  is  a  third  channel  leading  from  the  Hardwar  into  the  left 
lannel.  This  is  stopped  by  a  permanent  half-open  masonry  dam 
id  on  a  solid  bed  of  masonry.  In  times  of  floods  the  sluice  gates 
ay  be  removed,  while  at  low  water  their  insertion  closes  the  channel. 
The  regulating  gates  are  at  Myapur,  at  the  head  of  the  canal.  Here 
e  also  the  weir  and  scouring  sluices  proper.  The  latter  works  con- 
st of  a  weir  of  solid  masonry  founded  on  the  bowlder  bed,  with  15 
ouring  sluices,  each  10  feet  wide.  The  weir  proper  is  only  525  feet 
length,  of  which  200  feet  are  occupied  by  the  scouring  sluices  and 
lelr  piers.  The  sluiceways  are  deep  and  are  closed  by  double  sets  of 
ites,  some  of  which  are  raised  and  lowered  by  means  of  a  traveling 
inch,  the  remainder  being  closed  by  simple  planks  or  flashboards 
id  in  the  grooves. 

SCOURING  SLUICES. 

The  scouring  sluices  placed  in  open  weirs  consist  of  the  foundation, 
le  floorway,  and  the  superstructure.  The  floor  must  be  deep  and 
dl  constructed  and  carried  for  a  little  distance  above  the  weir  and 
)r  a  considerable  distance  below  it.  Above  this  are  built  up  masonry 
iers  at  regular  intervals,  placed  from  6  to  12  feet  apart,  and  grooved 
IT  the  reception  of  planks  or  needles,  or  closed  with  automatic  gates 
r  some  other  device  which  can  be  rapidly  removed  or  replaced.  By 
his  means  the  water  is  kept  under  control  and  when  low  can  be 
aised  to  the  level  of  the  crest  of  the  weir  by  closing  the  gates,  while 
n  time  of  flood  they  are  opened  to  secure  a  scouring  of  the  river 
hannel  in  front  of  the  canal  regulators.  The  masonry  flooring  is 
arried  the  entire  width  of  the  sluiceway,  flush  with  the  river  bed  and 
tbuts  well  into  the  bank  of  the  river.  This  is  protected  by  a  curtain 
^all  of  masonry  up  and  down  the  stream. 

The  sluices  in  the  weir  at  the  head  of  the  Lower  Ganges  canal  at 
S'^arora  are  38  in  number,  each  7  feet  10  inches  in  the  clear.  They 
lave  a  total  length  of  427  feet,  and  the  masonry  piers  separating  them 
ire  but  2^  feet  wide.  The  total  length  of  these  piers  parallel  to  the 
course  of  the  stream  and  at  right  angles  to  the  line  of  the  weir  is  36 
'eet  4  inches,  and  they  are  practically  two  stories  high,  the  upper  deck 
)r  gallery  having  been  constructed  to  have  sufficient  headroom  to 
raise  the  gates  (fig.  22).  These  gates  are  lifted  by  traveling  winches 
running  on  rails  on  the  upper  deck.  The  sluiceways,  like  the  main 
^w,  are  founded  on  a  series  of  wells  sunk  in  the  sands  and  connected 
by  brick  masonry  arches  between  which  is  a  solid  filling  of  brick  (Pis. 
XI  and  XII).  The  total  breadth  of  loose  stones  on  the  upstream 
approach  to  the  sluiceways  is  30  feet,  and  the  total  breadth  of  the  bed 
of  the  sluiceways  is  150  feet.  Beyond  this  masonry  flooring  is  carried 
and  flooring  of  broken  stone  well  packed  for  a  distance  of  100  feet 
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fftilhtti*.  The  depth  of  the  floor  is  ;J  feet.  The  arraDgemeDtot>l!i,.r. 
waj'  relative  to  the  remainder  of  the  weir  and  head-works  is  jhirn  i: 
PI.  XIII.  The  sluice  gates  are  substantially  conBtnietedof«Mav! 
iron,  and  are  two  in  number  in  each  opening,  the  upper  row  »t-L 
lowered  abutting  against  the  top  of  the  lower  row.  In  lime  of  p^r 
floods  both  sets  of  gates  may  be  entirely  raised  clear  of  the  Umi  iii- 
Tlie  gat«s  in  the  weir  at  Myapur,  at  the  head  of  the  Ganpi)  u^^ 
are  similar  to  those  described,  and  are  represented  in  thean-omiei  - 
ing  illustration  (fig.  17).  The  sluices  in  the  weir  at  01ihla,»tth^h',.: 
of  the  Agra  canal,  are  similar  in  design  to  all  others  of  this  eWan 
contain  16  openings  having  a  sluiceway  of  138  feet.  The  openit;-. 
feet  wide  by  10  high,  are  built  into  a  masonry'  structure  19  fM  1..' . 
and  the  gates  slido  between  piers  -2i  feet  thick;  they  are  nxm\  ^ 


truveliiijr  winch  from  above.  The  floor  is  founded  on  four  lin" 
wells,  and  is  H  feet  below  the  crest  of  the  weir.  Thepavewt' 
this  lloor  is  8  feet  wide  upstream,  41  feet  downstream,  and  \i  i"' 
the  center  of  the  weir.  This  is  practically  a  single  structure  iv- 
on  the  sand  of  the  river  lied,  and  is  subject  to  considerable  li»''- 
It  is  retinii-cd  not  only  to  carrj'  the  weirs  and  their  superstmi'lof' 
als<»  to  withstand  the  force  of  a  torrent  of  water  10  feet  deep. 

Among  the  earliest  and  for  that  reason  most  interesting  !*n  ~ 
automatic  sluiceways  constructed  are  those  in  the  Mahaniuii  * 
in  lower  IJengal,  at  the  bead  of  the  Orissa  canals.  The  slui'^ ' 
consisis  of  1(1  Imys  each  30  feet  wide  and  separated  by  maaonrv  ;■  - 
Encli  l);t,i-  is  closed  bj-  a  double  row  of  timber  shatters  fiist>'ii'": 
wi-ought-ii.Jii  liolts  and  hinges  to  a  hea\'y  beam  of  timber  eml- 
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the  masonry  floor  of  the  sluice.**  There  are  seven  upstream  and 
en  downstream  or  rear  shutters,  the  latter  9  feet  high  above  the 
)r,  and  the  former  7^  feet  high.*  During  floods  the  upper  row  of 
itters,  which  fall  forward,  are  fastened  down  by  clutches  in  an 
lost  horizontal  position,  while  the  rear  set,  which  fall  backward  or 
%'Dstream,  are  kept  in  a  horizontal  position  by  the  rush  of  water 
jr  them.  In  the  dry  season  the  rear  shutters  do  duty  by  damming 
t  water  up,  and  for  thio  purpose  are  provided  with  strong  wrought- 
Q  struts  attached  to  their  lower  sides.  In  order  to  lift  these  the 
stream  set  are  first  raised.  This  operation  being  aided  by  the  press 
water  beneath,  they  are  permitted  to  rise  to  a  vertical  position  by 
ans  of  a  chain  guyed  to  the  floor  above  them.  Relieved  of  the 
ter  pressure  by  this  upper  set  of  shutters  it  then  becomes  possible 
raise  the  lower  set,  after  which  the  upper  set  are  lowered  again 
o  their  original  position,  and  the  weir  is  in  position  to  withstand  a 
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Tio.  18.— Head-worl»  and  weir  traininsr  works,  Ganges  canal. 

•od,  as  the  lower  set  can  be  instantly  dropped  by  merely  removing 
e  bolts  which  support  them.  The  redamming  of  the  water  is  accom- 
ished  in  less  than  a  minute.  By  reversing  a  lever  each  upper  shutter 
released,  when  they  rise  more  or  less  rapidly,  but  with  a  compara- 
^ely  slow  motion  until  near  the  water  surface,  when  they  are  brought 
>uie  with  a  jerk,  which  does  not  seem,  however,  to  cause  a  great 
rain. 

Probably  the  best  example  of  automatic  or  self-acting  sluice  gates 
«  those  constructed  in  the  weir  at  Dehree,  at  the  head  of  the  Soane 
mals.^  The  sluiceways  in  this  weir  consist  of  three  separate  sets, 
le  of  which  is  placed  close  to  the  head  of  the  main  western  canals, 
id  are  537  feet  4  inches  in  length,  containing  20  openings  separated 
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by  masonry  pilars.  In  the  middle  wf  tin-  weir  is  auoihir  iri  ■ ' 
openings  410  fei-t  in  lenjrt.h,  and  at  the  extreme  faritOTn  etiJ  -i 
weir,  below  the  head  of  the  main  eastern  canal,  is  aD«th«r  *t 
sluiceways  5:t7  feet  +  inches,  with  2ii  openin jrs.  In  adililion  !■>  ■  i~ 
sluiceu'ays  there  are,  as  in  all  Indian  weirs,  one  or  more  flsh  Wi-^ 
In  the  Soane  weir  there  are  four  sejiarate  fish  ladders,  ons  at  ib^- 
of  each  of  the  shore  sluii-eways  and  on©  on  each  side  of  Ih''  (td  ■ 
sluice. 

The  crest  of  the  .weir  is  9^  feet  alwve  tlic  river  l>ed.  Thrjai- 
which  the  sluiceways  are  closed  are  each  20  feet  long  and  »J  tM  I: 
Thej'  are  separated  by  masonry  piere  each  (i^  feet  wiile  and  -it  '.- 
long.  As  at  first  constnieted  these  piers  were  much  smaller,  w 
was  found  they  would  n<it  withstand  the  jar  produced  by  lh<-  mh,; 
lation  of  the  gates  and  their  thickness  has  since  been  incn-as*^.  I 


Pio.  19.— Dropping  the  SouieKutomatlGiilaicHi. 

estimated  that  the  velocity  of  the  current  through  Ibew  m^-' 
sluices  is  about  1 7^  feet  i>er  second.  The  floor  of  the  alniw*  i* '  ' 
wide,  [wirallel  to  the  river  channel.  As  at  first  designed  this  fii- '  - 
consisted  of  a  substratum  i  feet  thick  of  rubble  paved  wilh  p>*i-" 
C  inches  thick,  but  the  difficulty  of  this  construction  was  such  ib" 
was  abandoned. and  the  fonndationswere  finally  set  on  blopk;-.  !■  " 
blocks  are  10  by  G  feet,  with  two  well  openings  each,  and  w^r*  to 
feet  hijih  ui>on  bamboo  curbing  lai<l  on  the  surface  of  the  saml  ' 
when  the  brickwork  had  set  they  were  sunk  until  their  tojif »'" 
foot  below  waler.  Concrete  was  then  thrown  into  the  wellhci- 
around  them,  and  when  set  in  left  a  solid  foundation  for  the  m**' ' 
The  ashlar  pavement  on  this  solid  floor  is  IS  inches  thick  in  the  i"' 
of  the  scouring  sluices  and  0  Inches  thick  over  the  apron.  Twenty 
feet  upstream  from  the  sluice  flooring  is  a  tine  of  wells  sunt  l^'f" 
a  curtain  wall  t<>  the  apron,  and  the  wellholea  and  inl^rspaowsf^^ 
with  concrete',  as  in  the  foundation  of  the  flooring.     The  si«n'  I""' " 
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^urtaiii  wall  and  the  sluice  flooring  is  packed  with  large  bowlders 
covered  with  pavement  9  inches  thick.  Twenty-five  feet  down- 
im  from  the  flooring  of  the  sluices  a  line  of  wells  has  been  sunk  10 
and  formed  into  a  solid  wall;  the  spaces  between  this  wall  and  the 
•ing  have  been  tiled  and  packed  with  bowlders  and  stone,  and  down- 
iin  from  this  point  a  talus,  composed  of  large  bowlders  and  blocks 
one,  stretches  50  feet  farther.  The  whole  length  of  the  sluice  floor- 
parallel  to  the  river  channel  is  200  feet.  Notwithstanding  the 
I  workmanship  of  this  foundation,  the  floods  of  1874  proved  very 
ruetive,  and  tore  away  much  of  the  river  bed  to  a  depth  of  38  feet 
w  the  toe  of  the  talus. 

lie  mode  of  construction  and  operation  of  the  sluice-gates  them- 
es is  as  follows:  These  gates  (fig.  25)  are  constructed  of  wood,  well 
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Fio.  20.— Details  of  Sidhnai  weir. 

ced,  and  there  are  two  for  each  opening.  For  each  alt^ernate  pair 
)iers  on  the  downstream  flooring  a  low  masonry  wall  1  foot  high  is 
It  out,  which  holds  1  foot  in  depth  of  water,  thus  forming  a  water 
hion  on  which  the  lower  gate  falls  and  relieving  the  piers  of  a  por- 
1  of  the  shock.  The  upper  gate  falls  upstream,  being  hinged  to  the 
>r  at  its  bottom,  and  abuts  against  a  series  of  six  struts,  hollow  iron 
iuders  with  small  vent  holes  in  which  pistons  work,  so  that  when 
jjjate  is  raised  by  the  water  under  it  the  impact  against  the  struts 
elieved  by  the  pistons  plunging  in  the  water  in  the  cylindei-s.  The 
^nslream  gates  fall  downstream  (fig.  19),  and  are  supported  by  four 
n  rods  hinged  to  their  upper  face  below  the  center  of  gravity,  and 
^n  in  position  are  held  upright  by  chains  attached  to  the  i)iers.  If 
th  gates  are  opeji  and  it  is  desired  to  close  the  lower  one,  so  as  to 
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cause  it  to  dam  the  water  up,  the  operation  is  performed  inthi^mar 
The  lower  gate  is  first  relieved  by  pushing  aside  the  catoh  ?: 
attaches  it  to  the  floor,  and  is  raised  a  little  by  means  of  a  h&m]  V'- 
whereupon  the  force  of  the  water  on  the  under  surface  brings .: 
slowly  for  a  short  distance,  when  it  comes  up  with  a  jar  again-j- 
cylinder  struts. 

The  pressure  is  now  relieved  from  the  lower  gate,  which  >  - 
raised  by  hand  levers  and  chained  in  an  upright  position  to  tbfp> 
The  upper  gate  is  again  lowered,  now  falling  chiefly  by  its  own  wr. 
through  the  wat.er,  and  is  fastened  down.     The  lower  gak.  u-^ 
ing  as  a  dam,  is  prepared  to  be  released  at  a  moment's  notice^. 

The  needles  used  on  the  Sidhnai  weir  {fig.  20)  are  an  improv-r 
on  a  very  ordinary  form  of  gate  found  in  most  of  the  simp>:  i 
older  structures.     At  the  heads  of  many  old  canals,  and  insoni»^-> 
ways,  gates  are  found  closed  by  two  classes  of  needles,  the  >:i[. 
consisting  of  planks  or  flashboards  let  horizontally  into  groovfr  z 
piers  and  raised  or  lowered,  one  at  a  time,  until  a  sufficient  mv- 
have  been  removed  or  introduced  to  regulate  the  discharge  of  ^i 
The  needle  is  formed  by  inserting  these  planks  vertically  1»:*- 
timber  guides  or  abutments  laid  horizontally  between  the  p:*^> 
water  being  regulated  by  the  removal  of  as  many  s&  may  be  lit- 
The  needles  employed  on  the  Sidhnai  weir  are  made  of  hard  »"•- 
such  weight  as  to  be  manipulated  by  a  strong  man,  each  needlr^^- 
ing  not  over  40  pounds.     They  are  7^  feet  by  5  inches  by  3*  in-^^ 
size,  with  a  stout  handle  1^  feet  long  ending  in  a  knob.^ 

The  most  difl&cult  problem  when  these  needles  are  in  position  - 
make  the  dam  water-tight.  Several  methods  were  at  first  pp^i*" 
Grooved  needles  were  found  to  be  unnecessary;  ordinary  needle 
the  interstices  between  them  were  filled  with  wood  sha^in? 
chopped  straw,  were  found  to  be  readily  made  water-tight.  Af^' 
needles  are  placed  in  position  they  are  forced  together  by  bein^^'ir 
horizontally  with  a  crowbar,  and  a  basket  filled  with  shavings.  ^ 
is  slipped  down  in  front  of  the  leak  to  be  closed,  the  calking  mAt- 
being  drawn  by  the  current  into  the  openings. 

CANAL  REGULATORS. 

A  set  of  regulating  gates  is  always  constructed  at  the  h^ 
canal.     They  must  aff  oni  su  fficient  way  to  admit  all  the  water  ih«f  •  ■ 
is  estimated  to  carry,  and  by  them  the  amount  admitte<i  can  1- 
trolled.     Like  the  scouring  sluices,  these  regulators  consist  of » * 
grooved  piers  resting  on  a  foundation  carried  across  the  canal  1- 

The  water  may  be  controlled  by  a  set  of  planks  or  needles  ^' 
by  hand  in  grooves,  or,  as  is  more  usual,  by  drop  gates  raised  au 
ered  by  a  winch  from  above.     When  not  under  too  great  a  he*, 
opening  is  closed  by  a  single  gate  raised  by  a  hand  windlass  i»r  ^ 

o  Sidhnai  canal  project:  Selectioua  of  Records  of  the  Gk>Temment  of  India,  Ko.  8C.  (^  '"- 
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)n)e  cases,  under  considerable  pressure,  a  double  series  of  gates, 
above  the  other,  is  used,  or  else  valve  gates  are  employed,  which 
sv^orked  by  hand  levers  and  screws  from  above.  It  is  customary 
)nnect  the  piers  of  the  regulator  by  arches,  so  as  to  form  a  bridge 
ss  the  canal,  at  the  same  time  affording  a  convenient  platform 
I  which  to  operate  the  gates.  The  bed  and  banks  of  the  canal  at 
lead  are  protected  by  masonry,  so  as  to  be  safe  from  erosion  when 
?ates  are  ox)ened. 

locating  the  position  of  the  regulating  sluices,  the  principal 
ct  is  to  bring  the  water  in  the  river  through  the  scouring  sluices 
ich  a  way  that  it  shall  pass  directly  in  front  of  the  regulator,  pre- 
ing  the  deposit  of  silt  at  its  head.  This  must  be  so  established 
the  canal  will  receive  the  desired  volume  of  water  with  the  least 
ility  of  receiving  the  heavy  silt  through  the  regulators  or  to  dam- 
from  matter  carried  by  floods.  Where  this  relation  between 
iring  sluices  and  regulators  is  such  that  the  least  eddy  or  quiet 
ir  exists  between  the  two,  there  is  certain  to  be  a  deposit  of  silt, 
3h  is  an  element  of  danger  and  must  be  removed.     At  the  head  of 
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Fia.  21.— Reenilftt±aff  gates,  Ganges  and  Jumna  canals. 

Ganges  canal  the  location  of  the  regulating  gates  is  such  that 
vj  deposii«  of  silt  are  formed.  At  the  head  of  the  Soane  canal 
face  of  the  regulator  is  set  back  30  feet  from  the  abutment  of  the 
iring  sluices,  and  here  also  is  a  heavy  deposit  of  silt.  At  the  Bari 
kb  head-works  the  regulating  sluices  are  close  to  the  scouring 
ces  and  the  current  is  so  strong  that  small  bowlders  and  gravel  are 
•led  through  into  the  canal.  The  head-works  of  the  Agra  canal 
excellently  located,  and  the  river  channel  and  canal  line  are  so 
rly  at  right  angles  to  each  other  that  apparently  no  silting  takes 
3e.  At  the  head-works  of  the  Lower  Ganges  canal  little  or  no  silt- 
occurs,  owing  to  the  excellent  relative  location  of  the  various 
ceways. 

it  Myapur,  the  head  of  the  Ganges  canal,  the  regulating  bridge  has 
)ay8  or  openings,  each  20  feet  wide  and  16  feet  high,  fitted  with 
es  and  apparatus  for  opening  and  closing.  The  breadth  of  the  base 
.^latfortn  on  which  the  piers  rest  is  48  feet,  exclusive  of  the  cut- 
ters, which  project  upstream  4  feet.  The  roadway  on  top  of  the 
ige  is  37  feet  9  inches  wide  between  the  rear  parapet  and  the  row 
w^indlasses  on  the  upstream  front.    The  shutter  for  closing  the  regu- 
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latoFH,  while  aii  improvement  on.  that  used  on  Uie  Jomiui  nsi^ 
however,  rather  emde  compared  with  the  modem  and  impn-' 
methods  employed  on  later  conatructioos.  The  aocompanyinjsfcn-' 
(fig.  21)  indicate  the  method  of  arranging  the  regnlatora  on  iheJi: 
and  on  the  Gangeu  canalfl.  On  the  Jumna  canal  a  re^EiHTj 
drop  gate  are  placed  in  a  simple  groove,  and  sleepers  of  son-  : 
inches  square  are  dropped  in  the  top  of  the  gate.  This  h»e  tH'i 
acted  efficiently,  but  time  and  labor  are  required  in  its  manipD;] 
On  the  Jumna  canals  there  is  no  great  volume  of  wsifri"".v- 
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with,  nor  is  there  as  large  a  number  of  bays  as  on  the  Gangw"-^ 
On  the  latter,  as  shown  by  the  illustration,  the  bay  is  dividfJ 
three  series  of  gates,  the  most  advanced  one  having  its  sill  «t  the 
of  the  canal  bed,  and  two  higher  series  of  gates,  eachha\'ingth>-;T- 
revetted  (i  feet  and  retrograding  toward  the  face  of  the  bridp'-  ^' 
are  operated  by  separate  windlasses  over  each.  The  two  In**"-'-"' 
are  quite  independent  of  each  other,  the  thii-d  or  upper  h»f  > 
closed  by  simple  sleepers.  The  machinery  attached  to  thi^  ;■■''■ " 
of  the  simplest  character  and  readily  understood  by  the  wmm : 
laborer,  while  it  is  not  liable  to  disarrangement. 
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''roni  the  plan  of  the  relative  locatious  of  sluice-tiead  (fig.  23) 
i  regalaliag  bridge  it  will  be  seen  that  tlie  triangle  in  front  of  the 
:er  affords  an  immense  backwater  or  eddy  in  which  deposits  of  silt 
8t  neceMsarily  take  plat-e.     Designs  have  recently  been  submitted 

a  new  regulating  bridge  which  shall  be  a  skew  arch,  the  front  face 
entrance  to  the  regulators  being  parallel  to  the  ehannel  of  the 
ages  and  at  right  angles  to  the  scouring  sluices,  the  rear  side  being 
-ight  angles  to  the  channel  of  the  canal. 

in  interesting  and  unique  set  of  regulating  gates,  because  of  the 
at  pressure  under  which  they  are  worked,  are  those  at  the  head  of 

lletwa  canal  (fig.  49,  p.  177),  and  attention  is  called  to  them  in  this 
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ice,  though  they  will  be  more  fully  described  later  on.  The  regu- 
ors  at  the  head  of  the  Soane  canal  are  placed  at  right  angles  to  the 
'h ring  sluices,  though  they  are  set  liack  a  short  distance  from  the  line 
the  curtain  wall  leading  to  the  scouring  sluices.  The  floor  of  these 
julators  is  about  3  feet  above  that  of  the  scouring  sluices.  The 
isonry  work  in  connection  with  the  head-works  of  this  canal  is  well 
nstrncted,  but  perhaps  too  elaborate.  These  regulating  sluices  are 
signed  to  dischanie  4,500  second-feet  with  a  head  of  only  i  inches 
'1  H  depth  of  9  feet  of  water.  They  consist  of  L'l  oiwnings,  each  « 
't  wide,  and  se|>arated  by  the  solid  piera  whicli  supp<n-t  the  bridge 
ove.    There  are  two  shutters  constructed  of  wood,  opening  verti- 
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cally  (fig.  24).     Usually  only  the  upper  gate  is  used,  the  chief  de^*- 
of  silt  thus  taking  place  in  front  of  the  lower  gate,  where  it  L*  -d^_ 
dredged  out,  but  when  the  head  of  water  is  very  low  the  lower  zat-  - 
sometimes  raised.     The  silt  is  thus  flushed  out  and  deposited  ii ': 
canal,  whei'e  it  is  still  more  easily  dredged.     These  shutters  art*  t^^-*, 
by  a  traveling  winch  supported  on  a  hand  car  on  rails  on  the  I'd..:- 
above.     The  figure  shows  the  mode  of  raising  these  gates  43-: 
fastening  them  together  when  both  are  to  be  opened. 

At  Vir,  where  the  head-works  of  the  Nira  canal  are  situatwi.  -■ 
regulating  gates  are  simple,  giving  a  water  waj'  through  sev^^n  ^r- 
arate  bays,  each  4  feet  wide,  and  operated  from  a  masonry  t>r :. 
above  (fig.  45,  p.  170).  These  are  so  designed  that  under  the  k*  - 
available  head  of  9  inches  the  full  discharge  required  will  be  admin- 
to  the  canal. 

llie  regulators  at  the  head  of  the  Lower  Ganges  canal,  like  the  wr 
and  scouring  sluices  (PI.  XT  IT  and  fig.  22),  are  founded  on  twur«^ 
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FlO.  24.— Be^nlating  gates,  Soane  canal  head. 

of  wells.     Curtain  walls  founded  on  wells  are  carried  along  the  ba'  -^^ 
of  the  river  and  canal  for  a  short  distance.     The  flooring  of  the  rtf. 
lators  is  well  paved  with  substantial  masonry  from  3  to  5  feel  iblrt 
and  a  rough  loose-stone  pavement  is  carried  for  some  distance  ii 
the  river  above  the  regulators  and  100  feet  below  them,  the  bani"- 
the  canal  being  revetted  for  some  distance  farther.     The  width  ai ' 
canal  head  is  a  little  greater  than  that  of  the  canal,  caasini' ' 
velocity  for  a  short  distance  to  be  diminished,  in  consequence  of  ^^ 
the  majority  of  the  silt  is  dex)osited  at  this  one  place,  where  it  ea:  • 
most  conveniently  removed.     The  total  width  of  the  r^iilators  a* 
head  is  282^  feet.     There  are  30  bays,  each  7  feet  wide,  separatt^i 
substantial  masonry  piers  28^  feet  long  by  ^\  feet  wide.    Th*- .:  ' 
closing  the  entrance  to  the  canal  head  are  of  iron  and  slide  verti'Vi 
They  are  each  11  feet  high,  are  raised  by  a  winch  traveling  <•" ' 
bridge  overhead,  and  are  closed  by  their  own  weight.      In  the  pi»^ 
the  upstream  side  of  these  gates  are  grooves  in  which  planks  ffii: 
inserted  in  order  to  reduce  the  head  on  the  gates  when  open-  - 
them. 
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''ho  reipilator  at  the  head  of  the  Sidhnai  canal  consists  of  four  60° 
hfs  of  22.5  feet  span,  with  jack  piers  2.5  feet  thick  in  the  center, 
ich  divide  the  waterway  into  eight  spans  of  10  feet  each-     The  arches 
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iut;  from  6  feet  above  the  floor.  The  fioor  is  1  foot  above  the  crest 
lu!  weir,  and  as  the  needles  on  tlie  top  of  the  latter  are  designed  to 
ti  vii>  7^  feet  of  water,  6i^  feet  can  be  forced  into  the  canal.     There 
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is  nothing  novel  in  this  regulator,  the  gates  being  made  of  won.!  U. 
with  iron  and  sliding  in  cast-iron  grooves.  The  lifting  appfjra*n>  > . 
traveling  winch  working  on  rails  on  the  top  of  the  parapet  oi  \ 
bridge,  so  placed  that  the  drum  of  the  crab  winch  is  centrally  I<*. * . 
over  the  gate  to  be  lifted.  There  is  an  ux>stream  set  of  gnwves  ic  'i- 
piers  into  which  planks  can  be  inserted  to  relieve  the  gate  fr^iii  j  •- 
sure  should  it  jam.  Planks  are  generally"  used  for  regalatin;  1 
supply  in  the  canal,  the  gates  being  intended  for  use  only  wh^n ':  .: 
necessary  to  close  the  regulator  quickly. 

WELL  FOUNDATIONS. 

Wells  and  blocks  may  be  considered  as  one  and  the  same  fon.:  •: 
construction,  though  perhaps  blocks  are  more  properly  reetanrx . 
wells  having  one  or  more  well  holes  in  them,  while  wells  pntp*^: :. 
circular  in  plan  with  a  single  central  opening.     They  are  in  m 
brick  caissons  from  6  to  20  feet  in  diameter,  the  avails  varying  in  1.:^ 
ness  from  2  to  4  feet  and  of  any  required  height.     Blocks  are  r^-  ■ 
gular  brick  caissons,  perhaps  6  by  10  or  12  feet,  with  2-foot  or  '-:  • 
walls,  and  subdivided  into  two  or  even  four  vertical  passages  or '  -. 
holes.     For  the  piers  of  the  Solani  aqueduct  the  blocks  a^:^  > 
square  and  divided  into  four  well  holes.     At  the  head  of  ik  .U* 
canal  they  are  rectangular,  13^  by  9  feet,  and  contain  two  well  1:  ^ 
each  4  by  3  feet.     At  the  head  of  the  Lower  Ganges  canal  thij  -^ 
round,  12  feet  in  diameter,  with  walls  2  feet  thick. 

In  sinking  wells  the  water  in  the  part  of  the  river  to  be  q*r~  - 
upon  is  usually  temporarily  dammed  and  the  earth  removed  un-.^ 
water  surface  is  again  reached.     Curbing  of  bamboo  of  the  ^u^ '  ' 
well  is  then  laid,  and  on  this  the  well  is  built  up.     It  is  comment-' 
placing  on  its  lower  edge  a  cutting  surface  of  wood  or  iron,  t-*^ 
shaped,  with  the  cutting  point  downward.     Into  the  top  of  tli>  * 
masonry  work  is  built.     As  the  building  continues  the  sand  and  r 
are  removed  from  within  by  hand  or  by  dredge,  and  the  well  >icik:*^ 
its  own  weight.     Much  difl&culty  is  frequently  encountered  in 
these  wells,  owing  to  their  uneven  subsidence  or  on  account  of  c 
ing  layers  of  earth  of  different  character,  which  must  be  remtivr 
the  well  so  loaded  as  to  cause  it  to  sink  vertically.     When  the*" 
block  is  sunk  to  the  required  depth  it  is  usually  filled  with  ei^ 
and  thus  becomes  a  solid  pillar.     The  spaces  between  the  waL> 
then  protected  by  sheet  piling,  and  after  the  removal  of  the  saD«l 
Crete  is  placed  between  them,  thus  forming  a  continuous  walL 
method  is  simple  and  not  costly.     It  is  particularly  effective  is 
sand  or  in  quicksand,  and  may  be  carried  on  by  workmen  wiiii 
risk  of  danger. 

The  depths  to  which  wells  are  sunk  differ  greatly.  In  the  c;> 
the  head-works  of  the  Agra  canal  no  wells  whatever  were  ma«it" : 
the  weir,  as  it  rested  directly  on  the  sand.     At  the  head  of  Ibe  ^ 
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al  the  wellH  are  sunk  about  10  feet  below  the  base  of  the  weir;  and 
^arora,  at  the  head  of  the  Lower  Ganges  canal,  they  were  sunk  20 
;.  Wells  are  built  either  in  single  or  double  rows,  the  distance 
wreen  these  varying  according  to  the  dimensions  of  the  wells  them- 
'es.  They  have  in  some  cases  been  connected  by  brick  masonry 
lies,  and  the  interspace  below  the  arch  filled  with  solid  brick.  This 
1  done  in  portions  of  the  head-works  of  the  Lower  Ganges  canal, 
'he  most  striking  case  of  the  construction  of  wells  as  a  foundation 
a  masonry  superstructure  is  that  of  the  wells  for  the  support  of 
Nadrai  aqueduct  on  the  Lower  Ganges  canal  over  the  Kali  Nadi 
rent.  The  whole  structure  of  the  aqueduct,  including  river  and 
al  wing  walls,  is  founded  on  wells,  the  cutting  edges  of  which  are 
k  514^  feet  below  the  level  of  the  Kali  Nadi  Torrent  at  that  i)oint, 
average  depth  of  the  wells  being  56  feet.  The  wells  are  of  three 
s,  being  20  feet  in  diameter  for  the  piers  and  canal  land  wings,  13 
i  in  diameter  for  the  river  piers,  and  12  feet  for  the  abutments. 
?re  are  102  wells  20  feet  in  diameter,  44  wells  13  feet  in  diameter, 
L  122  wells  12  feet  in  diameter,  or  a  total  of  208  wells  on  this  work. 
i  total  linear  depth  of  well  sinking  amounted  to  15,008  feet.  Accom- 
lying  are  given  illustrations  showing  some  of  the  details  of  these 
Is  (PI.  XIV). 

'he  well  curbs  were  generally  constructed  of  wood,  with  wrought- 
1  bolts  H  inches  in  diameter  projecting  from  them  and  built  up 
3  the  brickwork.  In  the  12-  and  13-foot  wells  only  one  dredger  was 
'ked  at  a  time,  and  the  average  rate  of  sinking  was  1  foot  per  day. 
the  20- foot  wells  three  or  four  dredgers  could  be  used  at  once,  and 
h  this  number  the  rate  of  sinking  amounted  to  1 J  feet  per  day. 
ilding  and  sinking  went  on  alternately  in  the  construction,  the 
pkwork  being  carried  up  in  lengths  of  about  8  feet,  as  the  wells 
ik  that  much.  When  25  feet  had  been  sunk  the  brickwork  was 
ried  up  the  full  height,  47|  feet  above  the  cutting  edge,  and  the 
king  continued  until  clay  was  reached.  On  a  well  showing  even 
slightest  signs  of  going  out  of  the  perpendicular  dredges  were 
rked  on  the  opposite  side  from  that  to  which  the  well  inclined.  In 
reme  cases  a  **  jham"  was  worked  from  a  windlass  on  top,  which 
•red  up  the  silt  in  the  sump  less  than  did  the  dredger  and  allowed 
eeper  hole  to  be  made  on  one  side.  Only  two  or  three  of  the  20- 
t  wells  were  1  in  40,  and  the  majonty  less  than  1  in  100  out  of 
•pendicular  when  the  under  dredging  was  stopped.  In  the  lines  of 
>  abutments,  where  the  12-foot  double  rows  of  wells  wei-e  only  2  feet 
irt,  there  was  a  decided  tendency  for  each  pair  of  wells  to  lean  toward 
ih  other  and  for  the  curbs  to  separate.  In  some  cases  where  the 
lis  got  out  of  perpendicular  or  failed  to  sink  in  the  hard  clay,  it 
eame  necessary  to  load  them  with  railway  iron  or  a  temporary 
perstructure  of  brick.  To  test  their  resistance  against  subsidence 
ne  of  the  less  satisfactory  wells,  after  they  had  been  hearted  with 
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concrete,  were  loaded  with  a  great  temporary  superstructure  of  br-o 
which  in  the  case  of  one  well  weighed  I,4ol  tons  (PL  XIY).   ; 
total  subsidence  amounted  to  but  1^^  inches.     After  the  well  hd  :• . 
through  the  blue  claj'  and  while  dredging  in  the  brown  sand  was  : 
progress,  in  blows  of  the  blue  sand  above  the  clay  were  of  fre<|i; 
occurrence.     These  were  generally  caused  by  the  dredger  beinji  w. ^n^ 
awkwardly.     Sometimes  the  inblows  were  so  rapid  as  to  bun  '. 
dredger  before   it   could   be   lifted,  and   at  other  times  ihey  ^^• 
extremely  gradual.     These   inblows   frequently  caused  the  w^E 
incline  from  the  vertical.     \VTien  it  was  found  that  sorae  of  tbr  i: 
foot  wells  inclined  from  the  vertical,  advantage  was  taken  of :: 
make  them  incline,  so  that  when  finally  loa<led  with  the  supeNn;  • 
ture  and  arch  they  would  be  in  the  best  position  to  receive thri'--* 
thrust. 

Mr.  Beresford,  the  superintending  engineer,  in  a  note  on"  Fririi"'- 
resistance  to  sinking  due  to  lateral  pressure  of  earth  on  the  adt^  * 
well,"  ^  shows  that  the  pressure  Py  exerted  by  earth  against  aver  . 
plane  per  unit  of  the  breadth  is 

p       W^      l-sinO 
•         ^        2      '    1+sinO' 

where  W=the  weight  of  earth  per  cubic  foot,  j'=the  deptt ' 
plane  is  sunk  below  the  surface  of  the  earth,  and  ()=the  an: 
repose  of  earth.     The  values  found  practially  agree  very  elo^ly ' 
those  derived  from  this  formula.    From  some  computations  it  wa>  f 


•■--■ 


that  the  value  of  Pt/=^x  582x0.33x63=3,496,878  poands=:.  • 

tons,  taking  W=100  pounds;  0=30°  and  the  coefficient  of  trie::' 
the  masonry  on  moist  clay  as  given  by  Rankine=0.33.   Therefor' 
friction  F=l,562x 0.33=515  tons. 

ESCAPES. 

In  order  to  establish  a  complete  control  over  the  water  in  a '^^ 
channel,  provision  is  made  for  disposing  of  any  excess  which  maji  * 
from  sudden  rains  or  floods,  or  from  water  not  being  required  f^^r  " 
gation.     This  is  effected  by  means  of  escapes  or  short  cuts  fn't ' 
canal  to  the  river  or  other  natural  waterway  into  which  the  ^ x^^' 
the  water  can  be  discharged.     These  escapes  perform  the  addit> 
service,  in  the  case  of  streams  carrying  much  sediment  in  susp^c* 
of  flushing  the  canal,  thus  preventing  or  removing  eicessiv'-* 
deposits.     Colonel  Cautley,  in  speaking  of  escapes  and  their  ea]^ 
ment  on  the  lines  of  distributaries,  says: 

In  times  of  flood,  opening  the  heads  of  the  distributaries  relieves  tt*  ^ 
canals,  and  the  former  are  in  turn  relieved  by  the  escapes.    Hence  the  •ii*^ 
tary  heads  l>ecome  the  safety  valves,  and  the  escapes  the  waste  pipes  of  tbc  ti' 
canal  system. 

"Gordon,  W.  B.,  Notes  on  Well  Sinldng,  Nadrai  Aquedact,  Pnblic  Works  DejpartBwt^  > ' 
west  Provinces,  India,  p.  SO. 
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Escapes  are  provided  at  certain  intervals  along  the  entire  canal  line, 
d  a  double  set  of  regulatora  are  made  at  the  point  where  the  escape 
taken  off,  as  in  the  case  of  a  branch  canal  or  distributary.  On  the 
^nges  canal  they  are  projected  at  every  40  miles,  though  much 
pends  on  the  convenience  with  which  they  can  be  made  and  the  prox- 
ity  of  the  canal  to  some  water  course  into  Vhich  the  escape  water 
Q  be  conducted.  They  are  also  provided  if  possible  at  dangerous 
ints,  as  above  or  along  lines  of  heavy  embankment  where,  in  case 
the  bursting  of  the  bank,  much  damage  would  ensue.  The  fii-st  main 
?ape  is  always  constructed  at  a  distance  of  half  a  mile  or  less  below 
3  c^nal  head,  and  when  it  becomes  desirable  to  scour  out  the  silt 
cumulated  between  the  head  and  the  escape  the  latter  is  oi)ened  and 
arge  volume  of  water  admitted  to  the  canal.  This  runs  off  through 
3  escape  carrying  the  silt  with  it.  It  is  usual  in  such  cases  to  decrease 
3  slope  of  the  canal  for  a  short  distance  below  its  head  to  cause  the 
posit  of  matter  carried  in  suspension  between  that  point  and  the 
3ape. 

The  escax)e  cut  must  be  sufficiently  large  and  have  enough  fall  to 
rry  off  the  whole  body  of  water  which  can  reach  it,  so  that  if  neces- 
ry  the  canal  below  the  escape  may  be  left  dry  for  repairs  without 
)pping  its  running  above.  The  complete  control  of  the  canal  waters 
double  escapes  consists  of  the  construction  of  a  regulator  at  the 
ad  of  the  escape,  and  another  one  across  the  canal  channel  imme- 
itely  below  the  escape.  These  escape  heads  are  similar  to  the  regu- 
ing  bridges  previously  described  and  to  the  various  regulators  con- 
•ucted  at  the  heads  of  distributaries.  When  a  heavy  rain  occurs  on 
e  line  of  a  canal  the  irrigators  cease  to  use  the  canal  water,  and  as 
e  flow  can  not  be  immediately^  stopped  at  the  head-works,  great  dam^ 
e  would  be  done  by  the  surplus  water  but  for  the  escapes,  which  act 
though  the  head  regulator  of  the  canal  had  been  brought  so  much 
arer  the  point  of  application. 

The  Khutowli  escape  head  on  the  Ganges  canal  is  an  interesting 
ample.  It  is  at  the  sixty-second  mile  and  consists  of  a  channel  exca- 
ted  60  feet  wide  and  3^  miles  long.  The  masonry  head  consists  of 
11  openings,  each  6  feet  wide,  the  height  from  the  flooring  to  the 
ffit  of  the  arch  being  8^  feet.  The  flooring  is  64  feet  wide,  40  feet 
which  forms  the  tail,  and  is  laid  on  a  slope  of  1  foot  from  the  level 
the  canal  bed.  The  banks  of  the  works  are  protected  by  masonry 
vetments  and  guards  of  piling  and  rubble  which  protect  the  floor 
om  the  wear  and  tear  of  the  current. 

Colonel  Cautley  made  the  following  rules  to  control  the  location 
id  regulation  of  escapes  on  the  Ganges  canal : 

With  reference  to  position,  the  distance  between  the  escapes  is  limited  to  40 
ilea,  considering  that  by  adapting  their  capacity  to  the  volume  of  water  contained 
this  length  of  canal  the  facilities  for  regulation  are  ample.  In  the  sandy  tracts 
the  canal  the  nnmber  of  the  escapes  is  multiplied  rather  than  having  their  water- 
iy  increased.    The  sites  of  all  escapes  are  fixed  in  such  a  position  that  the 
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water  may  be  plun{^  into  the  bed  of  the  receiring-  channel  and  thai  ihr  l.:i 
water  marli  of  the  latter  shall  never  interfere  with  the  free  discharge  of  tbri.,!!^ 
The  escape  channel  shall,  when  perfected,  have,  in  addition  to  the  iuiiii:  •.  -- 
of  13  inches  from  the  t>e(l  of  the  main  channel  which  is  given  to  the  Qui  <if  Ui 
escape  head,  a  slope  of  bed  eqnal  to  1|  feet  per  mile, 

■  PALLS  AND  RAPIDS. 

As  the  natural  fall  of  the  country  througli  which  a  canal  n[u> 
usually  greater  than  the  slope  of  the  canal,  it  becomes  ne<'^<^ 
compensate  for  this  difference  of  slope.  This  is  dooe  by  cooivn— r 
ing  it  at  a  few  points  where  ^'ertical  falls  or  rapids  are  intri>tc— : 


Flo.  M.— SecUonn  ut  wdbI  Kills. 

The  location  of  these  is  usually  fixed  by  the  place  where  the  ■-.< 
becomes  too  high  above  the  surface  of  the  ground,  while  their -^ 
position  is  made  1o  coincide  if  possible  with  that  of  a  bridge  orsit 
work  in  order  to  economize  masonry  construction. 

Ogee  falls  were  first  adopted  on  the  Ganges  cnnal  and  an-  I'f  ■ 
shape  shown  in  the  accompanying  figure,  the  intention  being  10  !'^  ' 
the  force  of  the  fall  of  the  water.  They  were  about  8  feet  hijh  ' 
the  shocli  of  the  faU  proved  so  great  that  thej-  have  been  modifif 
give  two  vertical  falls,  the  lower  of  which  drops  into  a  water  eoA- 
On  the  Ganges  canal  werea  number  of  ogee  falls  (fig.  26, -4)15fwl  f. - 
These  have  been  so  remodeled  as  to  give  an  upper  fall  of  o  feei.  'i-'- 


'^N]  FALLS   AND   BAPIDS.  135 

hort  level  bench  of  10  feet,  and  a  vertical  drop  of  10  feet,  ending 
a  shallow  water  cushion  (PI.  XV).  These  falls  have  a  solid 
.sonry  floor  4  feet  thick.  On  some  falls  the  action  of  the  water  is 
sened  by  making  it  play  over  a  wooden  grating.  This  reduces  the 
)ck  by  dividing  the  stream  into  a  number  of  fine  threads.  Falls 
5  invariably  constructed  of  substantial  masonry  laid  on  a  deep  and 
n  foundation.  The  banks  are  protected  by  masonry  and  paving, 
e  latter  is  carried  for  some  distance  below  the  fall  both  in  the  bed 
i  on  the  sides,  and  the  flooring  terminates  in  a  row  of  sheet  piling, 
broad  canals  like  the  Ganges  the  fall  is  generally  divided  into  com- 
rtments  by  longitudinal  dividing  walls,  so  that  when  repairs  are 
pessary  one  portion  may  be  laid  bare  at  a  time.  On  the  Ganges 
lal  most  of  the  falls  are  constructed  at  points  where  bridges  would 
necessary,  and  to  the  lower  side  of  the  bridge  the  fall  is  attached, 
low  this  the  channel  of  the  canal  is  widened  out,  the  flooring  and 
es  to  the  extremity  of  the  cistern  in  which  the  fall  terminates  being 
•efully  and  securely  paved  and  revetted. 

Experience  seems  to  show  that  vertical  falls  with  gratings,  as  used 
the  Bari  Doab  canal,  and  terminating  in  water  cushions,  are  the 
3t  that  have  been  devised  (fig.  28).  The  grating  consists  of  a  num- 
r  of  wooden  bars,  resting  on  an  iron  shoe  built  into  the  crest  of  the 
1,  and  on  one  or  more  crossbeams,  according  to  the  length  of  the  bars, 
lese  bars  are  laid  at  a  slope  of  1  on  3,  and  are  of  such  a  length  that 
3  full  supply  water  level  in  the  canal  is  half  a  foot  below  their  upper 
ds.  The  dimensions  of  the  bars  used  where  the  depth  of  the  water 
^  feet  are  as  follows:  Lower  end  one-half  inch  broad  by  three- 
irths  of  an  inch  deep;  upper  end  one-fourth  inch  by  three-fourths 
3h  deep.  They  are  supported  on  beams  1  foot  broad  by  1  foot  deep, 
first  these  beams  were  6  inches  apart,  but  it  has  since  been  found 
st  to  increase  this  distance  a  trifle,  and  now  18  bars  are  placed  in  a 
-foot  bay.  The  bars  are  undercut  from  the  points  where  they  leave 
ft  shoe  at  the  crest  of  the  falls  in  such  a  manner  as  to  make  each 
ace  an  orifice  in  a  thin  plate. 

The  effect  of  a  fall  at  the  end  of  a  canal  reach  is  to  increase  the 
locity  and  to  diminish  the  depth  for  some  distance  above  the  fall, 
lis  increase  of  velocity  produces  a  dangerous  scouring  on  the  bed 
d  banks  of  the  canal,  and  is  guarded  against  by  heading  the  water 
>  at  the  crest  of  the  fall  by  means  of  sleepers  dropped  in  grooves  of 
e  piers,  thus  increasing  the  height  of  the  fall.  The  narrowing  of 
e  canal  banks  at  the  fall  produces  the  same  effect.  The  better 
sthod,  however,  is  to  raise  the  crest  of  the  fall  by  a  masonry  weir, 
id  the  height  necessary  to  raise  it  is  found  by  the  following  calcula- 
m,  given  by  Colonel  Dyas: 


/900  a*  cr\i  d 

H=(  ^.-—    r— 125.8122^ 


if^O-'- 


which  H  is  equal  to  the  height  of  the  water  above  the  crest  of  the 
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fall;  a  is  equal  to  the  sectional  area  of  the  open  channel;  rZeqii^i> 
hydraulic  mean  depth  of  the  same;  /  is  equal  to  the  length  of  eife*  • : 
the  fall,  and  s  equals  the  length  of  slope  to  a  fall  of  one  in  sacr 
When  gratings  are  used  these  act  instead  of  a  weir  in  checking  *i- 
velocity  of  the  water,  and  the  method  of  spacing  them  is  such  that 'L 
velocity  of  no  one  thread  of  the  stream  shall  be  either  increase*!  - 
retarded  by  the  proximity  of  the  fall. 

On  the  Soane  canal,  where  there  are  many  loekH,  the  falls  are  mar ' 
always  introduced  at  the  points  where  the  locks  occur  (fig.  27).  "i ' 
main  line  is  carried  through  the  locks,  and  the  waste  weir  or  I^^e- 
channel  is  carried  around  them,  and  in  it  the  surplus  water  over  :1  v 
which  is  required  for  the  operation  of  the  lock  is  conducted-  Iii:k* 
branch  channel  a  fall  must  be  constructed.  In  one  ease  noticed,  wb-'* 
there  were  two  locks,  with  a  total  lift  of  20  feet,  the  fall  wasoonstrB«> 


PLAN 


^mify  ffNr-r 


tUHAtf  BmAmca  y 


/f^gvlmto^ 


^SS^^^- 


FiG.  27. — Soane  canals,  Bengal;  arrangement  of  branches  and 


,pe  at  Dsn^ 


in  three  bays.     The  channel  was  40  feet  wide  and  the  falls  werv  V^ 
of  substantial  brick  masonry  terminating  in  a  deep  cushion  below, 
the  Agra  canal  are  several  interesting  falls,  perhaps  the  most  eUb-x** 
of  which  is  the  Eushuk  fall,  on  the  Bata  escape  (fig.  30).    This  is 
masonry  fall,  or  rather  two  falls  terminating  in  water  cushions  '- 
total  height  of  which  is  27  feet.     The  total  length  of  the  masonry  w.j?« 
is  190  feet,  and  the  depth  of  the  concrete  flooring  is  3  feet,  tenniniu  . 
on  a  well,  on  which  the  toe  of  the  apron  rests. 

Instead  of  falls,  rapids  have  been  constructed  with  great  suooe*:^ 
the  Bari  Doab  canal  ( fig.  28) .    The  slope  of  the  rapid  is  paved  with  1-  *  ^ 
bowlders,  confined  by  walls  of  masonry  built  at  intervals  of  40  ft* 
longtudinally  across  the  stream.     From  experience  on  these  rapid? 
has  been  found  that  ^ry  bowlder  or  rockwork  is  not  to  be  depended 
for  velocities  over  15  feet  per  second,  and  that  over  this  the  slope  me- 
be  modified  or  masonry  be  used.     On  the  Bari  Doab  canal  raj'^- 
were  adopted  wherever  bowlders  were  procurable  at  moderate  expes? 


•rj* 
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Bowlders  form  the  best  material  for  the  flooring  of  a  rapid.  Brick- 
)rk  should  not  be  used  with  currents  of  high  velocity,  as  the  best 
icks  do  not  stand  the  wear  and  tear  for  any  time,  certainly  jiot  for 
rvice  in  contact  with  velocities  exceeding  10  feet  per  second.  The 
►wlders  were  generally  grouted  in  a  good  bed  work  of  mortar  and 
lall  pebbles  or  shingle,  where  velocities  above  15  feet  per  second 
?re  employed.  The  tail  walls  on  these  rapids  are  of  peculiar  con- 
ruction,  for  the  purpose  of  turning  back  the  eddies  and  of  protect- 
g  the  canal  banks  from  the  direct  action  of  the  water.  Beyond  a 
>int  where  the  heaviest  action  occurs  and  where  the  greatest  width 
given  the  tail-works,  the  banks  incline  toward  each  other  so  as  to 
rect  the  set  of  the  stream  to  the  middle  of  the  canal.  The  tail  walls 
e  not  kept  to  their  full  height  throughout,  but  gradually  become 
wer  and  lower,  till  they  disappear  altogether,  where  they  reach  the 
.me  level  as  the  bed  of  the  canal.  In  case  no  tail  works  are  given, 
le  banks  are  faced  with  bowlders  or  piling  for  a  length  of  perhaps 
K)  feet  below  the  rapid.  On  distributaries  and  their  branches  falls 
id  rapids  are  resorted  to,  as  on  the  main  canals,  differing  only  in 
itails  of  design. 

DRAINAGE  WORKS. 

In  canals  where  the  diversion  line  is  carried  along  the  sides  of  liills 
•  slopes,  great  difficulties  are  sometimes  encountered  in  passing  the 
de  drainage  which  crosses  the  canal  lines.  Much  can  be  done  by 
iverting  water  courses  or  constructing  short  drainage  cuts  emptying 
ito  natural  drainage  lines.     When  the  drainage  can  not  be  diverted 

may  be  passed  in  one  of  several  ways.  If  the  stream  is  at  a  lower 
vel  than  the  canal  the  latter  may  be  passed  over  it  in  an  aqueduct, 
hich  in  most  cases  will  involve  the  construction  of  some  embank- 
lents  before  the  stream  channel  proper  is  reached.  If  the  canal  and 
iream  meet  at  the  same  level  the  latter  may  under  exceptional  circum- 
iances  be  permitted  to  enter  the  canal.  This  will  necessitate  the  intro- 
uction  of  proper  regulating  works  below  the  canal  crossing,  and  an 
'^cape  or  dam  on  the  opposite  side  to  the  inlet.  In  the  case  of  very 
mall  streams  entering  a  canal  at  level,  an  inlet  only  is  necessary,  the 
arplus  water  being  passed  off  through  the  first  escape  in  the  canal 
hannel.  If  the  stream  encountered  is  at  a  higher  level  than  the 
anal  it  is  generally  can*ied  over  the  latter  in  an  aqueduct,  which  is 
ailed  a  superpassage.  In  the  case  of  nonnavigablo  canals,  less  elab- 
rat^  drainage  methods  than  those  described  may  be  employed,  and 
lodifications  of  these  methods  are  used,  as  when  the  canal  is  carried 
nder  the  stream  in  an  inverted  siphon,  or  a  combined  siphon-aque- 
luct  has  been  constructed. 

^y  means  of  simple  diversion  of  the  course  of  a  stream  much 
ixpense  may  be  saved.  An  instructive  example  of  diversion  is  that 
f  the  Chuki  Torrent  on  the  Bari  Doab  canal.  At  the  time  of  the 
fonstruction  of  the  canal  this  torrent  had  two  outlets.     Just  above  the 
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crossing  of  the  canal  the  main  channel  divided,  one  channt-1  ruiii-iij 
into  the  Beas  and  the  other  into  the  Ravi  River.  The  lativr  ^  i- 
embanked  close  to  the  bifurcation  by  bowlder  dams  and  sjmrN  p^- 
tected  by  masonry  revetments.  By  this  means  the  whole  of  the  ^.i  • : 
was  forced  to  flow  into  the  Beas,  and  the  expense  of  the  work  of  <r  — 
ing  the  canal  was  saved.  Another  instance  is  that  at  the  head  I'f  iv 
Betwa  canal.  The  first  6  miles  of  this  is  protected  by  a  draiL..^ 
channel  15  feet  wide  at  the  bottom  and  G  feet  deep,  whirb  rr- 
parallel  to  the  canal  and  carries  the  drainage  into  a  small  stn  .l 
whence  it  is  let  into  the  Betwa  River.  At  the  Betwa  hea^l-w^.rk^  . 
creek  enters  the  river,  and  this  was  blocked  up  by  a  large  embaiikm^  / 
and  turned  back  by  a  cut,  through  which  it  entered  the  river  a!-^ 
the  head-works. 


tUPiOS-  BAR  I     DCAB  CAHAL 
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Fio.  28.— Rapids,  Bari  Doab  canaL 


Aqueducts  differ  from  bridges  only  in  having  to  carry  a  wat*^r  •  1 
nel  instead  of  a  railroad  or  roadway.     The  bridge  portion  may  I 
wood,  iron,  or  masonry.     In  India,  masonry  is  almost   exehi>. 
employed  because  of  its  relative  cheapness  and  permanency.    < » ■ 
Soane  canal  are  several  interesting  aqueducts,  one  of  which,  iv 
the  Thora  Nulla,  carries  the  Buxar  branch  canal  on  a  ^*elI-con>t  ni 
masonry  structure  (fig.  8,  p.  102).     This  aqueduct  is  384  feet  in  \\* 
and,  exclusive  of  the  wings  or  retaining  walls,  is  155  feet  Iniu. 
width  exclusive  of  wings  being  54  feet.     The  waterway  of  the  aq:i- 
is  42  feet  wide  on  top,  40  feet  at  the  bottom,  and  7  feet  in  depth, 
waterway  for  the  torrent  beneath  the  aqueduct  is  constructed  al 
as  an  inverted  siphon,  the  bed  having  an  inverted  arch   benta* 
piers.     There  are  four  spans,  each  30  feet  wide  by  20  feet  1*  ii 
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ti,  the  arch  above  supporting  the  aqueduct.  The  height  of  the 
•s  to  the  springing  of  the  arch  is  12  feet  and  the  rise  of  the  arch 
feet.  The  piers  are  each  6^  feet  wide.  The  object  of  the  invert 
^hat  should  a  greater  flood  occur  than  is  estimated  for,  the  open- 
5  may  act  as  siphons.     They  are  estimated  to  carr}'^  10,000  second- 

»ne  of  the  greatest  and  earliest  aqueducts  constructed  is  the  Solani 
educt  on  the  Ganges  canal  at  Roorkee  (PI.  XVI).  This  consists 
in  earth  enbankment  2 J  miles  in  length  across  the  Solani  Valley, 
i  about  16^  feet  high,  its  greatest  elevation  above  the  river  bed 
ag  2^  feet.  This  embankment,  as  shown  in  the  sketch  (fig.  29), 
50  feet  wide  at  the  base  and  290  feet  wide  on  top,  and  on  this  the 
al  banks  are  formed.  The  outer  edges  of  these  banks  are  30  feet 
e  and  12  feet  deep,  and  are  lined  throughout  by  masonry  or  revet- 
ats  of  stone.  The  exterior  slopes  of  the  embankment  are  1  on  1^, 
I  have  been  made  with  great  care.  The  total  length  of  the  upstream 
etted  channel  is  10,713  feet;  that  of  the  downstream  channel  is 
23  feet,  and  between  these  embankments  is  built  the  masonry 
leduct,  the  total  length  of  which  is  920  feet,  with  a  clear  water 
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Fio.  89.— Cross  section  of  Solani  aqueduct,  Ganges  canal. 

tee  between  piers  of  750  feet  in  length,  consisting  of  fifteen  spans 
50  feet  each.  The  breadth  of  each  arch  parallel  to  the  channel  of 
t  river  is  192  feet  and  its  thickness  is  5  feet.  The  arch  is  in  the 
ni  of  a  segment  of  a  circle  with  a  rise  of  8  feet,  and  the  piera  are 
sed  on  foundation  blocks  of  masonry,  sunk  20  feet  in  the  river  bed. 
e  greatest  height  of  the  aqueduct  proper  above  the  river  valley  is 
feet.  The  waterway  of  the  aqueduct  is  formed  in  two  separate 
mnels,  each  85  feet  wide;  the  outer  walls  of  masonry  are  8  feet 
ck  and  12  feet  deep,  the  aqueduct  being  intended  to  carry  12  feet 
water.  The  velocity  through  the  aqueduct  is  3f  feet  per  second, 
i^erhaps  the  most  magnificent  aqueduct  yet  constructed  is  that  built 
™oss  the  Kali  Nadi  at  Nadrai,  which  carries  the  waters  of  the  Lower 
nges  canal  over  that  river.  The  first  aqueduct  at  this  place  was 
ich  smaller  than  the  present  one.  Before  the  great  flood  of  1885  it 
*s  calculated  to  permit  the  passage  of  30,000  second- feet  through  the 
e  bays  into  which  this  water  way  was  divided,  and  it  was  founded 
the  natural  channel  of  the  torrent.  In  1884  an  extraordinary  flood 
curred  which  discharged  nearly  100,000  second-feet  under  the  aque- 
^ct,  and  greatly  injured  it.  Repairs  were  at  once  commenced  and 
ght  alterations  made  in  order  to  increase  the  channel.     On  the  2d  of 
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October,  1884,  a  flood  level  was  noted  on  the  upstream  side  conv^i-.rii- 
ing  to  a  reading  of  22.2  feet  on  the  downstream  gage,  the  diffeivTi'-*^ 
of  surface  level  above  and  below  the  aqueduct  being  ^  feet  11 
mean  velocity  of  discharge  in  this  flood  was  about  lOi  feet  per^^tx^a-l 
This  work  had  scarcely  been  commenced  when,  on  the  17th  of  J^iy 
1885,  another  and  greater  flood  occurred.  This  flood  is  fully  desi?r:^»^ 
in  notes  made  at  the  time  by  the  executive  engineer,  Mr.  W.  G«y»I 

Early  on  the  morning  of  the  17th  the  river  began  to  rise  and  :L 
water  level  rose  in  a  wave  4  feet  high  and  carried  away  part  tif  L 
revetment.     Other  waves  10  or  15  feet  high  surged  over  it,  and  tb- 
whole  of  this  revetment  work  and  the  abutments  collapsed.    Sh-  r . 
afterwards  the  piers  were  carried  away  and  parts  of  the  aquedu.^r  :- 
into  the  stream.     The  velocity  was  terrific.     The  water  in  th«^  t  n 
stream  was  piled  up  in  waves  20  feet  high  at  intervals  of  KNl  feet  aiM  - 
By  3  in  the  afternoon  100  yards  of  the  canal  bank  had  been  (-ar: 
away  and  all  of  the  aqueduct  had  been  destroyed.     From  4  oVKik  : 
the  morning  to  3  o'clock  in  the  afternoon  the  level  of  the  water  n 
a  total  height  of  23  feet  and  had  a  velocity  of  over  18  feet  x>er 
From  estimates  made  by  Mr.  Good  the  discharge  of  that  flct.-l  -*  * 
probably  135,000  second-feet,  and  during  the  rain  storm  (whieh  L;-  • 
three  days),  an  average  of  22  inches  of  rain  fell  on  the  whole  av 
ment  area.     The  greatest  fall  occuring  in  one  day,  the  ICth,  ^ii- . 
inches  on  some  portions  of  the  basin. 

In  estimating  for  an  aqueduct  to  replace  the  old  one,  this  fl«>»:  "^ 
considered  as  the  greatest  which  was  ever  likely  to  occur,  andtb- : 
aqueduct  as  now  finished  is  estimated  to  discharge  under  it  It  . 
second-feet,  with  a  velocity  of  8  feet  per  second,  thus  n*quiriL> 
waterway  of  22,430  square  feet.     This  is  equivalent  to  a  run-of  •  * 
cubic  feet  per  square  mile  of  catchment,  the  total  area  of  whi  . 
3,025  square  miles.     The  waterway  for  the  canal  on  top  of  this  a-  t 
duct  will  carry  3,175.  Second-feet. 

The  aqueduct  (fig.  33)  consists  of  15  masonry  sp>ans,  each  >  > 
long,  supported  on  wells.     The  maximum  pressure  on  the  forni'ia* 
wells  of  the  piers  does  not  exceed  2^^  tons  per  square  foot.     Under 
aqueduct  is  sunk  a  concrete  floor  5  feet  in  thickness.      The  tota.    - 
of  this  work  was  about  $1,523,000. 

On  the  Ganges  canal  are  two  of  the  largest  as  well  as  the  mo?t  i:  * 
esting  superpassages  constructed  in  India,  one  for  carrying  the  F: 
Torrent  and  the  other  the  Ranipur  Torrent  over  the  canal.  In  tht 
struction  of  a  superpassage  especial  cai-e  must  be  t<aken  to  give  it- 
such  a  slope  that  it  shall  not  be  fiUed  up  by  the  deposit  of  sediv 
while  the  masonry  and  revetting  of  the  banks  must  be  carried  a  * 
cient  distance  on  each  side  of  the  canal  up  and  down  stream  to  p'^ 
the  foundations  of  the  work. 


a  Failure  of  the  KaU  Nadi  aqueduct:  Recordsof  the  Govemznont  of  India,  PnbUe  Wori&I*  - 
ment,  No.  940,  Calcutta,  1888. 
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The  catchment  basin  of  the  Ranipur  Torrent  is  about  45  square  miles, 

average  width  being  4^  miles  and  its  total  length  10  miles.  At  the 
int  where  the  superpassage  is  constructed  there  is  an  ogee  f aU  with 
Irop  of  9  feet,  the  base  between  the  piers  supporting  the  superpas- 
?e  bojng  used  as  a  portion  of  the  masonry  construction  of  the  fall 
1.  XVII).  The  foundations  of  the  upper  and  lower  levels  are  pro- 
jted  by  lines  of  piling  and  box  work;  the  former  have  a  width  of  10 
it  and  the  latter  of  70  feet.  The  flooring  of  the  superpassage  from 
3  crown  of  the  arches  to  its  bed  is  in  its  thinnest  place  3  feet  thick, 
d  the  parapets  are  7  feet  wide  and  4  feet  high.  These  continue 
land  from  the  body  of  the  work  a  distance  of  100  feet  on  each  side, 
panding  outward  so  as  to  form  wings  for  keeping  the  water  within 
unds.  This  superpassage  is  300  feel  long  and  provides  a  waterway 
pthe  torrent  195  feet  wide  and  6  feet  deep. 
At  the  Puthri  superpassage  the  torrent  of  that  name  drains  an  area 

about  85  square  miles  and  discharges  a  maximum  flood  of  15,000 
?ond-feet.  This  sui)erpassage  consists  of  an  aqueduct,  under  which 
e  canal  passes  in  nine  bays,  each  25  feet  wide.  The  width  of  the 
perpassage  is  296  feet.  This  waterway,  as  it  now  appears,  was  made 
3  wide,  and  accordingly  the  decrease  in  the  velocity  of  the  torrent 
this  point,  which  in  the  natural  channel  is  16  feet  per  second,  has 
used  considerable  silting  and  the  superpassage  has  been  constantly 
ling  up.     This  error  has  been  obviated  by  decreasing  the  waterway 

the  construction  of  masonry  groins  projecting  from  the  side  para- 
ts  of  the  superpassage  out  into  the  stream  at  right  angles  to  its 
urse.  This  has  nearly  remedied  the  evil,  as  the  silt  previously 
posited  is  now  being  rapidly  cut  away. 

The  Sasoon  superpassage  (fig.  36)  on  the  Sirhind  canal,  whereby 
e  Sasoon  Torrent  is  carried  over  the  canal,  drains  an  area  of  24 
uare  miles.  The  discharge  of  this  stream  is  estimated  at  7,750 
cond-feet,  and  a  waterway  has  been  provided  150  feet  wide  by  6| 
et  deep.  The  difference  in  level  between  the  bed  of  the  canal  and 
e  torrent  is  21.9  feet,  of  which  7  feet  are  depth  of  water  in  the 
nal,  10  feet  headway  up  to  soffit  of  arch,  3  feet  the  thickness  of  the 
ch,  and  1.9  feet  brick  flooring.  The  canal  channel  is  spanned  by 
ree  central  arches,  each  of  45  feet  span,  and  two  at  the  sides,  each 

32  feet  span.  There  is  an  aggregate  waterway  for  the  canal  of  184 
et,  but  the  mean  waterway  of  the  channel  is  only  177  feet.  The 
1e  walls  or  parapets  of  the  superpassage  are  10  feet  high  and  5  feet 
iek  at  base.  The  mode  of  construction  of  this  superpassage  is  indi- 
ited  in  fig.  36,  p.  149. 

An  interesting  mode  of  disposing  of  drainage  is  by  a  drainage 
servoir,  as  is  done  on  the  Agra  canal.  Several  streams  cross  the 
inal  at  a  certain  point.  They  are,  however,  all  disposed  of  through 
le  channel  by  constructing  an  embankment  on  the  upper  side  of  the 
inal,  so  that  a  reservoir  is  made.     The  object  of  this  reservoir  is  not 
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storage,  but  drainage.     TIk^  embankment   is  of  earth  ami  ali-.u'.  t' 
feet  high.     The  Iwttom  or  siil  of  the  snperpassage,  which  c»ri-s  ■  ■ 
flood  water  over  the  canal,  is  alxnji 
feet  aI>ove    the   bottom  of  the  r>— ■ 
voir,  the  obje<,'t  lieiog  tliat  the  i-^-- 
20  feet  of  tho  bed  of  the  resenur  -.■, 
be  cnltiv;ited  and  supplied  from  ■_;  • 
water.     A  large  revenue  is  n-m-r- 
to  the  government  from  thelaml^  ■- 
tivatetl  in  the  reservoir  bed  afu:  ■_- 
waters  have  been  drawn  dowBthrui,; 
the  superpassiige.     Thi?*  sui>fr;ii-M.-- 
is  constructed  of  lK>iler  iron.    Ii  L> 
feet  long,  30  feet  wide,  10  fe-n  i-: 
<T08S braced  byangle  irononi"p.a 
5     supported  by  two  piers  each  .i  f- 
M     thick.     It  is  well  built  and  sii!i|>  - 
f     and  the  slope  is  steep,  giving  n  ]  . 
w     velocity  to  the    water.     The  ctjl-- 
g     tion  between  the  ends  of  ih»-  v.^j-r 
I     passage  and  the  abutment*  L-  c  .  - 
I     of  heavy  sheet  lead,  to  accomiiL-  . 
g     the  changes  due  to  expansion  »r 
^    iron  and  to  prevent  leakage.    .V: 
S     flowing  through  this  superpass^.  ' 
S     water  falls  vertically  12  feet,  am'  ". 
■?    25  feet  into  the  old   channel  iif 
g     River  Jumna. 

a         The    Rntmoo     Torrent    b*    [a- 
*■     across  the    Ganges    canal  hy  a  -  ■ 
crosBing(Pl.  XVIIJ).     Tliisecn-.-- 
a  simple  inlet  at  tlie  torrvnt  euT"; 
to  the  canal  and  of  h  masonrr". 
dam  and  escape  regulator  in  )li-- '  -- 
bank  opposite  the  tonx'iit  inlet," 
there   is   anotlier    regulating  '■■  - 
across   the   channel   just    !>ei"« 
inlet  {fig.  ."!!).      By  this    meiin- 
flow  of  water  is  easily   re^Ui-:  ' 
amount  aduittte<I  to  t  he  cannl  i' 
the  inlet  being  eontn>lle<l  by  tV  ^- 
lator  in  the  canal  itself  and  th>-  - 
fluouswaterbeingdischarged tb*  - 
the  regulating  breach  or  <lani  :i 
canal  bank.     This   dam    «vt]-.i-'- 
47  sluice  ways,  each  10  feet  wide,  with  their  sills  flush  ^th  th- 
bed.     These  ai-e  flanked  on  either  side  by  overfalls  of  the  same*- 
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I  heir  sills,  G  feet  higher,  and  on  the  extreme  flanks  are  platforms 
'vt  iibove  the  canal  bed.  These  elevated  platforms  are  17  feet  long 
I'oiiiieeted  with  the  revetment  on  the  canal  banks  by  inclined  plane*) 
lasonrj'.     This  eseaiR'  dam  is  practically  identical  in  construction 

the  ordinary  scouring  sluices  at  Myapur  and  other  places.  The 
■rway  through  the  sluices  up  to  the  height  of  6  feet  is  470  feet  wide, 
Ix-tweeD  the  levels  of  6  and  10  feet  it  is  570  feet  wide.     Alwve  that 

SUO  feet  wide.  The  closing  and  regulating  of  the  opening  in  this 
■eway  is  conducted  by  means  of  flash  boards  fitting  into  grooves. 

sluice  gates  are  dropped  rapidly,  being  constructed  on  a  plansimi- 

to  the  S(nine  scouring  sluices,  but  more  crude  in  their  method  of 

lipulation.  Whennot 

o(k1,  the  water  in  the 

t'nt  is  carried  iinder 

canal  and  returned 

he  Rutmoo  Torrent 

iw  it  by  means  of  a 

e  drainage  tunnel  or 

?rted    siphon    about 

feet    long.      Owing 
the  high  velocity  of 

floods  in  tho  Rut- 
)  Torrent,  there  is  no 
losit  of  silt  in  the 
al,  tlic  greater  part 
the  silt  being  carried 
light  through  it  by 
rush  of  the  flood 
tei-H.  The  torrent  in 
i  years  has  been  cut,- 
g  badly  on  the  down- 
mni,  and  to  stop  this 
ri>gres.sion  of  levels  5 

.HOnry  l>ar8  have  been  Fia.Sl.— PUnotRntnmocrrcwiliiK.OBngBtiiMjui!. 

t  ncross  it,  each  about 

*  yiirds  apart.  These  are  com|M)sed  of  cribs  filled  with  bowlders, 
d  have  acted  as  contemplated.  The  maximum  flood  anticipated 
d  diH((harged  through  the  Rutmoo  Torrent  is  25,000  second-feet. 
'*'■  regulating  bridge  across  the  canal  Ik'Iow  ttie  crossing  lias  10 
itei-ways,  each  of  20  feet,  and  in  addition  to  this  there  is  a  roadway 
er  it  forming  a  bridge.  There  is  about  a  mile  of  i-evetment  walls, 
.  n;siing  on  blocks  or  wells  sunk  to  a  depth  of  20  feet  below  the 
nal  l»ed.  This  is  protected  by  numbers  of  piles  and  cribs  filled 
-th  bowlders. 

The  Kao  Nulla  on  the  twenty-first  mile  on  the  main  western  Soane 
■nal  ia  passed  by  a  siphon  aqueduct.  This  torrent  is  subject  to 
eat  floods.     They  are  estimated  on  the  basis  of  fi  inches  of  run-oS 
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on  the  57  luilcs  of  catchment,  aud  tin'  liijihest  velocitj"  is  SJ  tr-r  >■ 
second.  The  siphoa  passage  for  the  flood  provides  l,li"i3s(jiure- 
of  water  way  disposed  in  20  openings,  ea<:-h  of  54  square  f«ei.  7 
work  consists  of  substaplial  masonry  carrieil  wein)eneath  tlii' lt  . 
under  the  bed  of  the  torrent  and  above  ground  for  the  suppun  > ; 
aqueduct,  and  is  only  a  semisiphon  carried  under  the  aqurtn;"  . 
indicated  in  the  accompanying  sketch  (fig.  32).     A  simikr  »"-i  - 


Fio.  ffi.— Ebo  NnllBi  dphon  luiuednrt.  Souii 


that  of  a  superpassage  and  siphon  on  the  line  of  tlie  Sin  ■  ■ 
wlioreby  the  torrent  is  carried  over  the  canal,  the  latter  liein^ ;  ■ 
inverted  siphon.     This  work  is  indicat«d  in  fig.  46  (p.  171|. 

DISTRIBUTARIES. 

Like  the  main  canals,  the  distributaries  or  laterals  are  iuvsr 
designed  and  laid  out  by  and  are  under  the   control  of  H*  ' 
engineers.     From  these  the  farmers  take  their  private  water  i"    ■ 
and  chanuels  to  their  fields.     Sir  P.  T.  Cautley  thns  speats  i>f ' 
in  connection  with  the  Ganges  canal: 

In  our  irrigation  system  tlie  tmnk  and  main  canals  with  their  gTMt  ''^^ 
play  the  part  of  a  reaervoir  to  the  diHtrihutaries,  The  latter  hold  the  ^l*' ' 
the  main  fanalH  of  a  Byetem  of  distrilmtary  pipes  in  a  towTi  watpr  snpi'r  - 
the  village  or  private  water  conrseB  play  the  part  of  service  pipeti. 

I>iHti-ibution  from  a  canal  is  most  economically  effected  "li'' 
latter  runs  along  the  summit  of  a  ridge  so  that  it  can  supply  "S' 
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branclies  an<I  to  private  iiliannels  on  both  sides  of  it  (fig.  37). 
in  location  in  the  tmse  of  a  large  canal  can  happen  only  in  ooca- 
iml  instances,  hnt  the  secondary  or  distributary  branches  taken 
m  these  principal  canals  can  and  should  be  made  to  conform  to 


Fio.  SB.—HiidrKl  aqueduct,  Guigea  cmnal. 


iding  lines  between  water  courses.  The  capacity  of  the  distribu- 
)•  which  then  traverses  each  separate  drainage  divide  is  propor- 
ted  to  the  duty  it  has  to  perform,  the  bounding  streams  limiting 
area  it  bas  to  irrigate. 


Fio.  84.— Cross  Bectlon  of  Kodnl  aqneduct,  OaDgeB  canal. 

^'or  the  more  complet«  and  efficient  distribution  of  water  the  ongi- 
3r  treats  them  as  of  as  much  imiwrtanco  as  the  main  liranehcs 
imselves.  Attention  is  devoted  to  the  character  of  the  soil  trav- 
led,  to  the  alignment,  to  the  safe  and  permanent  crossing  of  nat- 
lEE  87—03 10 
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ural  drainage  lines,  and  to  so  maintaining  the  surface  of  the  ra^ 
with  relation  to  the  ground  as  to  command  the  largest  irrigable-  ar 
In  all  well-designed  distributary  systems  the  capacity  of  the  Clar- 
is exactly  proportioned  to  the  duty  to  be  performed,  the cros^-ft-K-t :K_i 
area  being  diminished  as  the  quantity  of  wat-er  to  be  cairriH:  . 
decreased  owing  to  its  diversion  by  private  water  courses,  th«»r.:. 
suflSciently  large    margin    is    usually   allowed    for    future  ^f>y. 
development. 

It  is  usual  to  take  off  the  water  of  a  distributary  from  the  n 
canal  as  near  the  surface  of  the  latter  as  i)ossible.     That  is,  ih*^  l^*- 
of  a  distributary  should  not  be  on  a  level  with  the  bed  of  tht-  x 
canal,  the  object  being  first  to  get  the  clearest  water  possible,  vL 
is  found  nearer  the  surface,  and  second  to  keep  the  bed  of  tb*^  i- 
tributary  at  as  high  a  level  as  jmssible  to  admit  of  surface  irrij;:^i' 
throughout  its  length.     In  level  country  great  care  is  always  t,i- 
in  designing  these  distributaries  that  the  natural  drainage  lii:^ 
which  they  tail  shall  be  sufficiently  large  to  accommodate  anv  r  - 
volume  it  may  be  necessary  to  pour  into  them,  so  that  the  di-^t: 
tary  may  be  rapidly  relieved  during  times  of  storms  and  the  drair  . 
lines  shall  not  become  clogged  and  flood  the  surrounding  ftKiL*' 
The  slope  of  a  distributary  is  usually  planned  to  be  as  nearly  a^  ;■- 
sible  parallel  to  that  of  the  district  it  traverses  in  order  to  a^ 
costly  embankments  and  to  insure   the  surface  of  the  wat^-ri--': 
above  that  of  the  country.     Falls  are  sometimes  rendered  iie<^^i 
by  the  profile  of  the  country,  as  is  the  case  on  larger  canak  ^^ 
escapes  are  introduced  every  8  to  10  miles. 

Distributaries  as  designed  on  the  great  Ganges  canal  have  •»-' 
made  to  conform  as  far  as  possible  to  a  general  design,  which  m*.. 
outUned  as  follows:  The  heads  have  been  constructed  at  the  !»•» 
where  bridges  or  falls  were  necessary,  in  order  to  economize  in  nui* ' 
construction.     This  location  also  insures  their  better  inspection.    ' 
beds  are  generally  from  2  to  3  feet  abov^e  those  of  the  main  canal  i' 
which  they  are  taken.     These  heads  are  designed  as  men*  open . 
ways  with  grooves  for  the  introduction  of  shutters  or  planks    ' 
further  design  has  been  attempted  for  the  regulation  of  <rw:h.»  - 
The  distributaries  are  divided  into  main  lines  and  feeders.    Tl-    • 
or  main  lines  run  parallel  to  the  canal  on  both  sides,  and  thes**  \^t 
lines  are  met  in  their  passage  downward  by  feeders  coming  fr;: 
different  distributary  heads  in  the  neighborhood.      This  prinn: 
constructing  parallel  channels  to  the  main  canal  is  one  whi<»h  ^ 
not  recommend  itself  for  use  in  the  United  States,  a«  the  chief" 
or  rather  the  cause  of  their  employment,  has  been  the  nav:p- 
character  of  the  main  canal.     As  the  main  canal  must  necessarily 
a  very  low  slope  in  order  that  the  velocity  will  not  impcnle  na^^L':t 
and  as  these  main  canals  at  their  heads  below  lock  are  usuallv  > 
some  depth  beneath  the  surface  of  the  adjacent  countrj-,  it  1*^^ 
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actically  impossible  to  distribute  water  from  them,  and  accordingly 
e  parallel  lines  have  been  employed,  which,  keeping  near  the  surface 

the  country,  facilitate  the  distribution  of  the  water  to  other  minor 
annels.     Where  the  canals  are  not  primarily  designed  for  purposes 

navigation  these  parallel  channels  may  well  be  dispensed  with, 
ough  they  are  found  on  nearly  all  of  the  larger  Indian  works. 
According  to  Major  Brownlow,  R.  E.,  the  greater  the  amount  of 
iter  discharged  by  a  distributary  the  smaller  will  be  the  proportion 

cost  of  maintenance,  for  a  channel  12  feet  wide  discharges  more 
an  double  that  of  two  channels  each  6  feet  wide,  while  the  cost  of 
itrolling  and  repairing  the  banks  will  be  half  that  of  the  two  smaller 
les.  Experience  proves  that  irrigation  can  be  most  profitably  car- 
id  on  from  channels  18  feet  wide  at  the  bottom  and  with  about  4 
et  depth  of  water.  On  the  eastern  Jumna  canal,  during  the  years 
om  1858  to  1860,  the  expenditure  on  all  the  distributaries  of  12  feet 
^ad  width  and  upward  was  0. 123  of  the  revenue,  while  on  all  those 
jIow  12  feet  it  was  0.223  of  the  revenue,  or  nearly  double  the  first, 
iie  relative  value  per  cubic  foot  per  annum  from  the  same  experi- 
ents,  on  channels  of  respectively  12,  6,  and  3  feet  in  width,  was  as 
> :  7  :  4.  Increased  action  of  absorption  in  small  channels,  with 
minished  volumes  and  velocities,  accounts  for  the  difference.  The 
ipth  of  water  accordingly  should  be  seldom  less  than  4  feet,  and  the 
irface  of  the  water  should  be  kept  at  from  1  to  3  feet  above  that  of 
le  surrounding  country,  not  only  to  afford  gravity  irrigation,  but 
icause  the  loss  by  absorption  is  thereby  diminished.  This  was 
lown  in  the  experiments  referred  to  in  the  previous  part  of  this 
iper,  under  the  heading  "Duty  and  absorption." 
Indian  engineers  unite  in  condemning  the  practice  of  raising  the 
ater  in  the  channels  to  the  surface  of  the  country  by  means  of  dams 
'  stops  made  by  introducing  planks  into  grooves  made  for  that  pur- 
ose.  This  practice,  they  say,  converts  a  freely  flowing  stream  into  a 
jries  of  stagnant  pools,  encouraging  the  growth  of  weeds,  the  deposit 
f  silt,  and  an  unhealthy  condition  of  the  neighborhood;  and  it  is, 
loreover,  extremely  wasteful  of  water,  since  much  of  the  latter  is 
issipated  because  of  the  loss  of  head.  In  designing  the  canal  banks 
le  width  of  the  top  of  the  bank  should  be  sufficient  to  admit  of  easy 
ispection.  On  moderate-sized  distributaries,  such  as  those  just 
dferred  to,  4^  feet  may  be  taken  as  the  minimum  width,  and  wher- 
ver  the  dimension  of  the  channel  will  permit  it  this  width  should  be 
icreased.  Should  the  cutting  be  so  deep  that  a  berm  is  necessary, 
J  is  always  well  to  let  the  latter  slope  away  from  the  canal  and  be 
rained  off  through  the  bank;  the  top  of  the  bank,  likewise,  should 
lope  away  from  the  canal,  and  not  drain  toward  it,  as  in  times  of 
leavy  storms  much  silt  may  be  deposited  in  the  canal  from  this  local 
Irainage. 

Ordinarily  the  water  for  the  village  ditches  is  taken  from  the  dis- 


148 


IRRIGATIOK   IN   INDIA. 


>    r 


tributary  by  means  of  hollow  wooden  or  iron  pipes  let  into  th<f  ImU 
of  the  canal  and  nearly  flush  with  its  bed.     These  are  stoppecl  at  'b- 
outlet  by  a  valve  or  plug.     The  heads  of  the  distributarK'*  on  t  - 
modern  canal  systems  iU'e  more  carefully  designed.     They  are  nsual 
constructed  of  substantial  masonrv  works  let  into  the  canal  li^b. 
and  closed  by  a  valve  or  other  easily  controlled  shutter.     In  the  Nor: 
west  Provinces  a  series  of  standard  designs  has  been  prepared,  i 
illustration  of  which  is  given  (fig.   38).     The  heads  of  the  ml:  • 
branches  or  the  private  water  courses  are,  like  those  of  thedistrihaton^. 
usually  placed  where  the  existing  masonry  works  occur,  as  at  falb«' 
bridges,  while  the  private  channels  head  in  simple  wooden  or  in.L 
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Fig.  85.— Plans  of  distributing  head.  Hatha  canal.  Bombay. 

outlets.     Substantial  masonry  falls  are  constructed  at  such  poin*-  .♦ 
the  grade  of  the  surface  of  the  country  makes  necessary  (fig. 
Tliese  are  usually  simple  vertical  drops  into  a  masonry  well,  an^I  ' 
scouring  is  general!)'  lessened  by  creating  a  water  cushion  at  th^ -• 
tom  of  the  fall. 

In  the  Punjab  and  elsewhere  rules  have  been  laid  down  for  th*'- 
struetion  and    estimate   of    the   masonry   works    on    distrihuiar- 
Among  others  are  these:  Siphon  barrels  shall  have  a  sectional  a  • 
equal  to  the  bed  width  plus  one-half  the  full  supply.     Siphon  « 
shall  have  the  same  area  as  above,  the  depth  being  equal  to  If  tr:- 
the  fall  supply.     The  depth  of  the  cistern  at  the  foot  of  a  fall  in  «»r! 
to  form  a  water  cushion  shall  equal  one-third  of  the  height  ^jf  ta 
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la  the  full  depth  of  the  water.  Thus  with  a  fall  4  feet  deep  on  a 
lal  carrying  5  feet  of  water,  the  cistern  depth  will  equal  J  (4  +  5) 
'i  feet.  The  minimum  cistern  length  is  qual  to  three  times  the 
3t]i  counting  from  the  drop  wall  to  the  reverse  slope,  which  latter 
1  be  1  in  5.  The  width  of  the  cistern  must  be  twice  the  mean 
ith  of  the  water  in  the  channel,  or  twice  the  bed  width  plus  the  full 
>th. 

iVhile  the  wat^er  rate  is  at  present  charged  in  India  according  to  the 
*a  irrigated  and  the  crop  raised,  it  is  universally  conceded  that  it 
uld  be  fairer  to  charge  for  the  water  according  to  the  quantity  used, 
it  can  make  no  difference  to  the  canal  proprietors  what  becomes  of 
^  water  after  it  has  been  delivered  and  paid  for.  The  difficulties  in 
J  way  of  delivering  water  by  actual  measurement  have  been  insuper- 
le,  chiefly  because  no  practical  method  of  measuring  water  under 


Fig.  36.— Safloon  siii)eri>aflsagre,  Birhind  canal. 


constantly  varying  head  has  yet  been  devised.  On  all  the  older- 
jtablished  canal  systems,  especially  when  the  supply  entering  the  head 
I  the  canal  is  insufficient  for  the  demand,  a  system  called  "tatil" 
as  been  established.  This  may  in  general  be  said  to  consist  in  a  mode 
f  regulating  the  amount  of  water  given  to  the  irrigators  by  the  canal 
fficers  closing  their  outlets  for  successive  periods  of  time  in  regular 
otation.  Each  cultivator  is  compelled  to  take  the  water  when  his  turn 
rrives,  be  it  in  night  or  day,  or  else  lose  his  share  of  water  at  that 
ime.  It  is  considered  the  best  practice  to  impose  these  tat<3els  on  long 
>ortions  of  a  distributary  at  once,  as  short  ones  have  very  little  effect 
n  forcing  water  down  to  the  tail  of  the  canal.  In  tlieir  operation  an 
rregular  period  of  rotation  is  employed.  Thus  the  outlets  may  be 
jlosed  in  the  first  length  of  the  canal  for  four  days,  on  the  second  por- 
iion  for  three  days,  and  so  on,  and  then  this  order  may  be  reversed,  the 
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period  of  rotation  being  such  as  to  change  the  length  of  elosurfaV': 
various  portions  of  the  canal.  One  advantage  of  the  imperii*  i 
tateels  is,  that  by  affording  a  constant  but  moderate  supply  in  ihr  1> 
tributaries  the  embankments  are  kept  moist  and  are  thereby  less  lia  ^ 
to  crack,  and  the  growth  of  weeds  is  to  a  certain  extent  checked. 

The  measurement  of  the  quantity  of  discharge  into  any  distribtri- 
is  made  by  one  of  several  methods.     V  weirs  are  usually  constnii - 
at  the  heads  of  these  if  the  expense  of  the  masonry  will  not  b^  t* 
great.     Wherever  falls  or  masonry  head-works  exist,  V  weirs  can  '- 
cheaply  added  to  the  structure.     For  smaller  channels  standArd-?i2-: 
pipes  let  into  the  banks  of  the  canal  to  draw  off  the  water  are  n-^i 
and  the  discharge  through  this  orifice  under  a  griven  head  is  kn-^' 
from  experiment.     In  larger  distributaries  the  volume  dischanr«;  » 
usually  obtained  by  measuring  a  short  length  of  bp^k,  and,  kno^  ■  : 
the  cross  section,  the  velocity  is  determined  by  floats  on  this  ks-^ 
length.     The  methods  in  use  are  generally  rather  crude  and  uiiNt'^ 
factory.     For,  though  the  sectional  area  of  the  outlet  is  knowD,  ii:: 
or  no  attempt  is  made  to  regulate  the  pressure.     The  majority  of  tL^ 
larger  outlets  are  masonry  tubes,  from  10  to  20  feet  long,  and  the  f* 
tion  in  these  is  considerable.     The  outlets  are  rarely  so  arrang*^: ./ 
the  pressure  on  the  head  can  be  regulated,  as  is  done  in  the  mea^"* 
ing  boxes  employed  in  California  and  Colorado.     The  Indian  engicr'  ^ 
hold  that  the  ordinary  Italian  module  is  not  applicable  to  their  i^ 
tributaries  because  of  the  fluctuation  in  the  heig^ht  of  the  main  f\i 
and  because  of  the  amount  of  silt  carried  in  suspension,  which  el  •"- 
the  tail  and  impedes  the  circulation  of  water. 

METHODS  OF  APPLYING  \VATER. 

There  is  little  that  is  novel  to  American  irrigators  in  the  m"-  - 
employed  by  the  Indian  agriculturist  of  applying  water  to  crops.   1> 
chief  peculiarity  which  at  once  strikes  the  observer  is  the  great  <  a> 
with  which  each  crop  is  handled  and  the  expense  with  which  the  pr 
vate  ditches  are  frequently  aligned  and  constructed.     As  India  is  at 
country,  and  one  in  which  both  land  and  water  are  valuable,  and  ■ 
various  individual  holdings  being  small,  each  cultivator  having  1'- 
few  acres,  rarely  over  5,  sometimes  less  than  1,  to  look  after,  it  i^ 
frequent  occurrence  to  see  the  cultivators  irrigating  their  crops  ir 
their  ditches  by  means  of  wooden  scoops  or  wicker  baskets,  with  wh 
they  toss  the  water  out  of  the  ditch  and  scatter  it  over  the  land.   ' 
sugar  cane,  rice,  and  the  more  expensive  grain  crops  the  aeti^'i: 
gravity  is  brought  into  greater  play  and  private  channels  are  sc  j- 
out  that  the  natural  flow  of  water  will  carry  it  over  the  crops. 

In  irrigating  from  wells  the  water  which  is  raised  is  usually  empt ' 
into  a  basin  or  shallow  tank  excavated  in  the  earth,  which  may  • 
lined  with  puddle,  or,  as  is  frequently  the  case,  with  masoniy.  F-- 
this  basin  the  water  is  conducted  at  first  through  masonry  or  W' 
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istructed  earth  ditches  to  branch  channels,  which  are  ordinary  run- 
ys  roughly  excavated  in  the  soil. 

tiiee  is  everywhere  irrigated  by  dividing  the  land  into  small  squares 
blocks  in  an  irregular  checkerboard  fashion.  These  are  usually 
b  less  than  20  and  rarely  100  feet  square,  depending  largely  upon 
iree  of  supply  and  slope  of  country.     These  blocks  are  separated 

low  earth  banks  about  1  foot  in  height  with  cuts  opening  through 
?ni  from  one  block  or  field  to  another.  Where  the  slope  of  the  sur- 
*e  is  very  light  extensive  fields  may  occasionally  be  seen  within  one 
)ck.  On  hillside  countrj'  the  steeper  slopes  are  terraced  by  the  con- 
•uction  along  a  contour  line  of  a  low  embankment  about  1  foot  in 
ight.  These  terraces  retain  the  water  from  floods  or  storms,  sub- 
urging  the  rice  crop  to  a  depth  of  several  inches,  thus  acting  as 
miature  tanks.  In  the  more  level  rice  country  the  various  blocks 
e  flooded  from  the  canals,  the  rice  always  being  submerged  to  a 
nsiderable  depth. 

In  irrigating  sugar  cane  an  effort  is  usually  made  to  obtain  a  freer 
>w  of  water  than  can  be  obtained  by  the  above  method,  though  as  in 
e  case  of  rice  cultivation  this  crop  requires  a  great  deal  of  water 
id  it  is  permitted  to  stand  to  a  depth  of  several  inches  over  the  sur- 
,ce  of  the  ground.  Wherever  the  slope  will  permit,  numerous  cross 
irrows  are  plowed  or  narrow  ditchegi  run  throughout  the  field  of 

a  in  or  cane  in  such  a  manner  as  to  permit  the  water  to  flow  in  a 
lin  layer  over  the  soil,  that  which  is  not  absorbed  being  caught  up 
ad  utilized  by  the  next  lower  ditch.  Excepting  in  the  irrigation  of 
ce  or  occasionally  of  sugar,  the  land  is  almost  invariably  divided  by 
)me  method  of  gridiron  work  of  furrows  and  ditches  as  will  most 
onveniently  cover  the  area  to  be  irrigated,  excepting  in  cases  where 
lie  water  is  sprinkled  by  hand. 

In  an  interesting  paper  discussed  by  Mr.  Baldwin  Latham  before  the 
nstitution  of  Civil  Engineers,**  he  gave  a  novel  description  of  the  cir- 
ulation  of  water  in  soil  as  shown  by  some  experiments  which  he  had 
fiade  with  the  objectof  discovering  the  precise  difference  between  the 
ipplication  of  water  in  rice  irrigation  where  it  stands  stagnant  on  the 
and  and  other  irrigations  where  a  constant  current  is  kept  moving, 
rhe  result  of  these  experiments  showed  that  where  a  surface  velocity 
vas  created  it  would  promote  a  circulation  of  water  throughout  the 
»oil,  a  matter  of  considerable  importance,  as  by  that  circulation  manu- 
'ial  matters  were  equally  distributed  while  other  material  was  removed 
which  was  not  required  by  the  plant,  and  which  if  allowed  to  stagnate 
would  produce  those  ill  effects  shown  when  cultivating  rice.  The  experi- 
ments were  conducted  in  a  water-tight  glass  tank  which  was  filled  with 
fine  silver  sand  into  which  was  poured  a  solution  of  perchloride  of 
iron.  Over  this  a  solution  of  nutgalls  was  allowed  to  pass  slowly  and 
the  course  of  the  circulation  could  be  readily  followed,  as  the  point  of 

^niflcnssion  of  irrigation  in  northern  India:  Proceedings  Institution  of  Civil  Bngineers,  Lon- 
don, yoL  86,  p.  172. 
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contact  of  the  two  mixtures  produced  tannate  of  iron  or  ink  wb. 
portrayed  a  perfect  diagram  of  every  stage  of  the  experiment  T^ 
result  of  the  experiment  showed,  among  other  things,  that  wheivtV- 
was  an  inclination  of  the  surface  resulting  in  the  prodactionof  uili 
currents  over  it,  a  circulation  through  the  soil  took  place. 

Another  tank  experiment  was  made  giving  the  conditions  of  a  rV- 
irrigated  field.     The  same  materials  were  used,  but  the  tank  ..• 
kept  level,  and  it  was  found  that  after  six  months'  contact  no  dU 
oration  of  the  sand  had  taken  place  to  a  greater  depth  than  on^^>i^: 
of  an  inch,  showing  there  had  been  no  displacement  of  the  water  n-.:- 
pying  interstitial  spaces  in  the  sand.     Mr.  Latham  said  that  tbt^cifv 
lation  of  the  water  through  the  soil,  on  all  land  having  an  inelio^n  >l 
had  a  marked  beneficial  influence  on  irrigation,  as  conclusively  4  n 
from  the  practice  adopted  for  generations  in  the  irrigated  districts 
Piedmont  and  Lombardy,  Italy,  where,  as  the  headwaters  are  y:  ' 
is  customary  to  increase  the  natural  slope  of  the  irrigated  b»ii> 
order  to  create  a  greater  velocity,  and  hence  a  greater  circoLiti.: 
through  the  soil. 


CHAPTER    VITI. 
STORAGE  WORKS. 

CLASSES  OF  WORKS. 

Tie  employment  of  storage  works  in  connection  with  irrigation 
jects  is  resorted  to  in  order  that  an  assured  constant  supply  of 
er  of  a  given  amount  may  be  furnished  by  their  aid  to  any  area 
irrigable  lands  during  each  and  every  season,  regardless  of  the 
Dunt  of  rainfall  occurring  and  of  the  question  whether  it  be  an 
lonnally  wet  year  or  one  of  unusual  drought.  Where  great  per- 
lial  streams  flow  through  land  to  be  irrigated  there  is  never  any 
•essity  for  the  addition  of  storage  works  as  a  protection  against 
'  failure  of  the  water  supply,  but  where  valuable  lands  are  to  be 
tgated  and  the  source  of  water  supply  is  from  intermittent  or  very 
all  streams,  it  becomes  necessary  to  supplement  the  perennial  flow 
jurring  in  these  during  the  irrigating  season  by  the  storage  of  the 
Dd  or  waste  waters  lost  during  the  remainder  of  the  year.  This 
1  is  attained  by  damming  the  stream  in  some  place  where  it  will 
3d  a  broad  valley  and  create  n  large  artificial  lake  or  reservoir,  or 
diverting  its  waters  to  some  depression  or  other  reservoir  site 
lere  it  can  be  conveniently  stored. 

Two  classes  of  storage  works  are  generally  referred  to  by  Indian 
gineers — namely,  reservoirs  and  tanks.  There  seems  not  to  be  any 
J  rules  for  distinguishing  the  two,  as  works  sometimes  called  tanks 
3  frequently  larger  than  the  largest  reservoirs.  Merelj'^  for  pur- 
ses of  convenience  in  discussing  the  subject,  the  author  will  adopt 
B  common  practice  of  considering  reservoii-s  as  bodies  of  water 
bained  by  a  dam  constructed  wholly  of  masonry,  while  tanks  are 
3rage  works  the  dams  of  which  are  constructed  wholly  or  in  part  of 
rth.  Reservoirs  are  usually  deeper  than  tanks  and  are  constructed 
I  running  and  floo^l  streams,  wliile  tanks  are  generally  shallower 
u\  are  constructed  on  minor  and  unimportant  streams,  the  flood 
scharges  of  which  are  so  small  that  all  the  water  can  be  either 
ored  or  safely  wasted,  thus  not  endangering  the  integrity  of  the 
am,  or  they  are  constructed  in  depressions  on  the  plains  or  inter- 
uves  adjacent  to  the  streams  from  which  water  is  diverted  to  them. 
In  general,  works  for  storage  purposes  may  be  filled  from  canals 
iverted  from  some  large  stream  or  filled  directly  from  the  discharge 
f  the  catchment  basin  of  the  stream  upon  which  they  are  located. 
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The  location  of,  necessity  for,  and  probable  return  from  tho  nrn-  . 
tion  of  a  storage  work  is  always  a  subject  which  receives  mueii  . 
ful  thought,  both  from  the  engineering  and  financial  departm-i'* 
the  Indian  government,  before  the  work  is  finally  sanctiont^  . 
undertaken.     Many  different  considerations  have  first  to  be  ilb»\:-- 
and  weighed  in  deciding  the  location.     The  work  should  be  pl*v 
a  sufficient  elevation  above  the  lands  which  it  is  intended  to  irr^ 
to  allow  the  delivery  of  the  water  to  them  by  natural  flow.   D^  < 
age  work  may  be  so  situated  that  it  is  immediately  adjacent  t-l- 
lands,  in  which  case  a  very  short  canal  will  serve  them,  or  it  m..  • 
at  some  distance  from  the  lands  to  be  irrigated,  thus  requirmgi.  . 
line  of  canal.     Again,  the  storage  water  may  be  turned  hack  ii.' 
natural  drainage  channel  when  required,  and  be  permitted  t" : 


Fio.  87.— Drainaire  map,  showing  arrai^geineiit  of  distribatariee. 

down  to  the  neighborhood  of  the  lands  where  it  will  be  again  div  - 
for  irrigation  purposes.     The  second  case   mentioned  may  1-^  ' 
costly  if  the  canal  line  be  long,  but  the  last  is  invariably  tti- ' 
expensive  method,  as  it  is  wasteful  of  water,  the  loss  of  wb; 
greater  by  absorption  and  evaporation  than  in  a  well-con;»tr  • 
canal,  while  thei^e  is  incurred  the  additional  expense  of  a  «ii^^*" 
weir  at  the  point  where  the  stream  is  turned  from  the  natural  rh» 
into  distributing  canals. 

Having  decided  upon  the  location  of  the  lands  to  be  irrigate*! 
knowing  their  area,  the  first  consideration  attacked  by  the  t*:.; 
is  the  location  of  the  storage  site.  This  may  be  discovered  aft«'rr 
time  has  been  spent  in  making  trial  surveys  and  investig»ti(»n> 
order  that  it  shall  be  desirable  for  its  purpose  it  must  be  of  > 
character  that  the  cost  of  its  construction  will  not  be  prohibitory 
considering  the  source  of  the  water  supply  from  which  to  fill  tht  * 
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work  a  thorough  hydrographic  survey  of  the  catchment  basin 
i'e,  the  reservoir  is  necessary,  in  order  to  discover  the  maximnm 
minimnm  precipitation,  the  percentage  and  rate  of  run-off,  and 
total  quantity  of  water  available  for  storage.  Stream  gagings 
maintained  for  a  few  years,  and  all  possible  effort  made  to  dis- 
*r  the  volumes  of  maximum  floods  as  well  as  the  total  quantities 
irate r  dischai'ged.  To  these  ends  a  good  topographic  survey  is 
executed,  as  from  the  maps  thus  constructed  the  relation  can 
;  lie  studied  between  the  irrigable  land  and  the  reservoir  site  and 
latter  and  its  catchment  area.  These  maps  enable  the  engineer 
leasure  the  areas  of  the  catchment  basins  and  to  calculate  the  dis- 
rges  from  these  areas,  provided  the  rate  of  run-off  is  known.  The 
ian  government  has  already  constructed  over  most  of  its  territory 
xxi  topographic  map,  on  a  scale  of  1  mile  to  1  inch,  upon  which 
topography  and  outlines  of  hills  and  valleys  are  indicated  in  hach- 
s,  and  numerous  elevations  are  marked  at  prominent  towns,  passes, 
I  mountain  peaks.  In  addition  to  this,  much  of  the  more  densely 
abited  portion  of  the  peninsula  has  alreadj'  been  surveyed  and 
pped  for  revenue  purposes,  on  the  large  scale  of  4  inches  to  1  mile, 
th  the  aid  of  the  latter  map  it  is  possible  to  determine  with  much 
uracy  the  various  fields  and  plats  of  land  which  are  to  be  served 
the  irrigation  scheme  and  their  general  relation  to  the  distributory 
mnels,  while  the  smaller  scale  maps  enable  the  engineer  to  solve 
the  general  problems  in  connection  with  the  catchment  basins, 
eams,  general  location  of  storage  site,  and  the  general  courae  which 
5  distributing  canal  or  other  medium  must  take  in  order  to  conduct 
)  water  to  the  lands  to  be  irrigated.  Such  maps  as  these  are  of  the 
latest  possible  service  in  the  designing  of  any  scientific  and  general 
leme  for  the  development  of  the  irrigation  resources  of  a  country, 
d  enable  the  engineer,  like  the  general  in  command  of  an  army,  to 
mter  all  his  forces,  look  over  and  conceive  at  a  glance  the  problem 
be  attacked,  and  decide  upon  the  best  mode  for  the  utilization  of 
the  resources  at  his  command  for  the  general  good  of  the  whole 
ea  to  be  served. 

After  the  preliminary  problems  have  been  solved  the  more  detailed 
nsiderations  are  investigated.  In  locating  the  dam  site  it  is  neces- 
ry,  first,  to  have  above  it  the  largest  possible  basin  or  valley,  with 
low  or  flat  a  slope  as  is  obtainable,  in  order  that  a  maximum  storage 
pacity  may  be  had.  The  site  should  be  so  chosen  that  it  shall 
quire  the  short^est  possible  dam  to  close  it  and  yet  afford  a  suffi- 
eutly  wide  waste  weir  to  discharge  the  maximum  flood  without  injury 
>  the  dam.  Finally,  it  must  be  so  located  that  the  geologic  forma- 
ou  shall  be  favorable.  The  dam  must  not  be  founded  on  a  porous 
)rmation,  and,  if  of  earth,  the  material  of  the  abutments  and  f  ounda- 
on  must  be  of  suitable  quality  to  afford  an  impervious  connection. 
^  a  masonry  dam,  it  should  be  founded  on  solid  rock.     A  study  of 
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th<i  ^eueral  geology  of  the  neighborhood  in  order  U>  asceruinrt- 
the  valley  which  is  to  be  used  a-s  a  storage  site  is  an  sntidiul.t.- 
cliiial  valley,  or  one  produced  by  mmple  erosion,  is  of  great  iffljun 
as  indicating  the  dip  o[  iti-  r 
underlying  it  and  the  ;.»- 
value  of  the  same  as  a  num^-ii-! 
ing  medium  fnrtheirat«rM<>r~ 
the  valley.  Material  for  il>  - 
Htruetion  of  whatever  i-U* " 
is  decided  upon  must  b>- 1^:' 
lent  to  the  site  in  order  l"  r-; 
to  a  minimum  the  cost  .if  \:-:- 
portation  and  conBtniMir)n. 

In  studying  a  caU-hmfni  .■ 
the  Indian  engineer  baii  r»i.'- 
to  a  few  simple  formnlai'  i-i  »■.■- 
in  detormining  the  flood  •li.-fLv. 
from  the  area  under  fi-r:- : - 
tion,  and  as  a  check  on  lii«  r^ 
obtained  from  local  obssrr^; 
The  following  are  two  of  tl- ' 
mulas  most  used : 

Ryves's  formula,  D=r  ?  ^1 
Dickens's  formula,  D=(  '  -' 

in  which  M   represents  ib'  -  ■ 
of  the  catchment  basin  id  >- 
m  iles,  C  is  a  coefficient  de[*L  -. 
for  its  valae  upon  rainfall  - 
slope  of  ground  formingihpi"- 
etc.,  and  D   is  the  resnlTiti:  ■ 
charge,  usually  shown  in  !■-;  ■ 
cubic  feet  per  second.    Ii  ■' 
be  borne  in  mind,  howet-r, '- 
no  such  formula  can  \»  y^' 
applicable  with   the  samr  ■'■ 
cient  to  areas  of  varyicc  • 
even  in  the  same  pari  of  i  b'' 
try  and  under  the  influeniv  ■ 
same  intensity  of  rainfali-  - 
the  other  circumstances.  ■■!'' 
the  slope  of  the  ground,  I'bar.' 
of  the  soil,  etc  ,  be  appro\imatoly  similar.     TTie  chief  difficnlii  ■ 
be  found  m  the  selection  of  a  suitable  coefficient,  and  a  fef  "■  '■  ' 
for  different  districts  in  India,  which  correspond  in  general  chsrj 
istics  to  the  and  region  of  the  United  States,  are  here  given. 
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re^ons  where  maximum  reconled  rainfalls  of  from  3  to  6  inches 
venty-four  honrs  have  occurred,  the  coefficientvS  for  Dickens's 
ula,  which  have  been  settled  upon,  are  about  as  follows: 
iximum  rainfall  3.5  to  4  inches,  in  flat  country,  C  =  200;  mixed 
try,  C  =  250;  hilly  country,  C  =  300;  and  for  a  maximum  rainfall 
inches  C  varies  between  300  to  350,  according  t/O  the  nature  of  the 
1 1  ry.  The  corresponding  number  of  inches  of  drainage  for  a  stand- 
rirea  of  5  square  miles  from  these  figures  would  vary,  for  the  first 
:p  between  5  to  7.5  inches,  and  for  the  second  group  between  7.5 
5  inches.  For  Ry  ves's  formula  the  coefficient  varies  between  400 
5(X),  and  for  very  hill)"  areas,  where  the  maximum  rainfall  is  high, 
ay  reach  as  high  as  650.  The  flood  discharges  are  invariably 
)ortionately  less  for  large  basins  than  for  smaller  ones, 
very  interesting  paper  on  this  subject  of  maximum  flood  discharge 
1  catchment  areas  was  read  by  Mr.  James  Craig  before  the  Insti- 
on  of  Civil  Engineers  in  1884.«  The  details  of  the  argument  entered 
'  in  this  paper  are  too  elaborate  to  be  presented  here.  In  general 
r  are  an  amplification  and  discussion  of  results  obtained  from 
lously  shaped  catchment  basins,  showing  new  methods  of  deter- 
ing  the  loss  of  discharge  other  than  those  obtained  by  the  two 
nulas  given  above. 

1  order  to  show  the  character  of  the  detail  connected  with  the 
ious  investigations  and  problems  to  be  solved  when  the  value  of  or 
essity  for  the  construction  of  the  storage  work  is  under  considera- 
i  in  India,  attention  will  be  called  to  a  few  of  the  questions  which 
Indian  engineer  is  directed  by  his  superiors  to  investigate.  These 
nts  and  others  not  included  herein  are  laid  down  by  General  Mul- 
*,  chief  engineer  of  irrigation  for  the  Madras  government  in  India, 
the  guidance  of  engineers  in  that  presidency.*  The  general  cir- 
nstances  of  investigation  are  whether  the  valley  or  drainage  area 
Aer  consideration  is  partially  occupied  by  tanks  or  is  unoccupied, 
ere  will  be  some  prima  facie  evidence  available  about  particular 
js  or  what  the  inhabitants  suppose  would  be  suitable  sites.  It  may 
desired  to  supply  water  to  a  definite  area  of  new  land  to  be  irri- 
ted  or  to  land  that  had  a  previous  supplj'^  which  has  been  stopped 
the  silting  up  or  destruction  of  existing  tanks, 
[n  the  preliminary  information  the  average  rainfall  of  tlie  country 
d  its  character  are  obtained  from  any  records  which  may  be  in  exist- 
ce.  The  irrigation  duty  of  the  drainage  area  in  square  miles  or 
me  other  unit  is  ascertained,  as  well  as  the  quantity  of  water  deriv- 
►le  from  this  unit  of  catchment  area'  and  the  average  rates  of  assess- 
eut  for  irrigable  lands.  The  preliminary  investigation  includes,  as 
ifore  stated,  a  study  of  the  atlas  sheets  of  the  survey  of  India  and 
'  the  revenue  survey  maps,  an  examination  in  detail  of  the  country 

» Maximum  flood  discharge  from  catchment  areas:  Proceedings  Institution  Civil  Engineers, 

mdon,  vol.  go,  pp.  201-2580. 

''Iprigiition  Manual,  B.  P.  Spon,  London,  1«W),  p.  56. 
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in  order  to  ascertain  the  most  suitable  reservoir  sit-es,  and  aneii: : 
tion  of  the  drainage  lines  thence  downward.     To  he  considerHi, » - 
usually  must  be  in  a  valley  which  has  a  moderate  longtudiBal  *  > 
with  moderate  transverse  slopes  on  either  side  of  the  axLsof  th*^  .< 
ley,  must  admit  of  a  moderate  length  of  dam  with  saiubk  abntsr,^ 
at  either  end,  a  probable  moderate  depth  of  water  and  c(m^p 
ing  height  of  dam,  suitable  material  for  the  formation  of  \kL. 
and  possess  facilities  for  the  disposal  of  surplus,  preferably  by  t^^ 
ing  over  detached  saddles  through  rock  soil  or  subsoil    Land  V 
the  site  must  also  be  available  for  irrigation,  and  there  shonM  '^ 
absence  of  much  or  valuable  cultivation  and  of  villages  withii 
probable  ai'ea  of  the  water  spread.     Whether  water  storage  na.  • 
obtained  on  financially  advantageous  terms  will  depend  Ijinr*^;^ 
the  difference  between  the  values  of  the  land  when  irrigai«5l  i 
when  not  irrigated.     In  order  to  ascertain  this  difference  in  v 
it  is  necessary  in  India,  as  in  America,  to  know  what  area  a  r. 
quantity  of  water  can  irrigate,  what  that  area  will  pay  for  xh^  ^i 
and  what  the  storage  and  distribution  of  the  water  will  cost. 

In  various  discussions  of  storage  capacity  and  water  duty,  h^- 
to  be  entered  into,  the  author  will  for  convenience  use  the  sU)r<**  - 
employed  by  the  United  States  Geological  Survey,  1  acre-fo«)t  r> 
is 43,560  cubic  feet,  or  the  quantity  of  water  which  will  eoTrt:.« 
in  area  to  a  depth  of  1  foot.     In  dealing  with  large  quantities  of  »• 
such  as  those  stored  in  great  reservoirs,  it  is  inconvenient  and  tr  •'. 
some  to  speak  of  capacities  in  millions  or  billions  of  cubic  i^i  »- 
the  much  smaller  figures  which  will  be  dealt  with  by  using  the  r 
foot  as  the  unit  of  measure  make  the  subject-matter  more  inifL : 
Likewise  the  area  of  land  irrigable  from  a  given  amount  of  ^<^  - 
water  can  be  more  conveniently  considered;  that  is,  the  dutyot 
storage  water  can  be  spoken  of  in  more  convenient  terms  if  vt" 
-to  the  duty  performed  per  acre-foot.     Thus,  in  portions  of  O'? 
the  duty  of  an  acre-foot,  providing  the  distance  which  the  w»tK  - 
to  be  carried  to  the  land  is  not  so  great  as  to  cause  exoe^ve  J^' 
absorption,  may  be  stated  as  being  1^  acre-feet  per  acre. 

As  an  instance  of  the  cost  of  storing  water,  the  investigatioD>  ' 
Bombay  engineers  show  that  in  favorable  cases  w^here  water  ba^ 
stored  in  reservoirs  of  the  first  class  56,700  cubic  feet,  or  abom  1:  ^ 
feet,  of  water  has  been  stored  at  an  average  cost  of  II.  The'-"* 
the  water,  however,  when  served  to  the  field  will  be  considerably  • 
this,  as  the  loss  due  to  evaporation  and  absorption  in  the  r*^* 
during  storage  period  and  the  loss  due  to  the  same  causes iji "^'^ 
ing  the  wat^r  through  the  canals  to  the  fields  to  be  irrigated  m^ 
included  in  the  estimates.  In  this  same  locality  in  Bombay.  - 
considering  these  losses,  it  appears  that  about  38,000  cubic  y 
water  can  be  stored  at  an  average  cost  of  $1. 
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RESERVOIRS. 

efore  entering  into  a  description  of  the  details  of  construction  of 
ions  notable  reservoirs  employed  in  India  for  the  storage  of  water 
purposes  of  irrigation,  it  will  be  well  first  to  look  at  some  of  the 
ncial  results  and  general  statistics  i-elating  to  these  works.  In  the 
owing  table,  compiled  from  the  irrigation  revenue  report  for  Bom- 
for  the  year  1900-1901,  are  given  the  principal  data  in  connection 
[i  the  cbief  reservoirs  of  that  presidency,  namely,  Bhatgur  and 
ce  Fife: 

Reservoir  workSy  Bombay. 


A  of  catchment square  miles. 

arage  annual  rainfall inches. 

ailable  contents  .  _ acre-feet. 

rface  area acres. 

ga  commanded do___ 

ea  irrigated ._ , do... 

ight: 
Above  foundation feet- 
Above  river  bed. do.  _ ., 

lin  canal .miles. 

stributaries do_  _ . 

>tal  cost,  including  canals _ — 

•ea  irrigated: 

Summer  crop _ acres. 

Autumn  crop _ do 

Total 


Bhatgur 

dam  and 

Nira  canals. 


-    128 

145 

126,500 

8,584 
274, 447 
113,280 

127 
108 
100 
139 
$3,138,000 

21,602 
30,126 

51,728 


Lake  Fife 

and  Mutha 

canals. 


196 

82.4 

75,500 

3,630 

»4,087 

16,800 

97.8 


88 

70 

$4,448,000 


7,575 
629 

8,204 


jrcentage  double  cropped 

verage  discharge  utilized second-feet . 

rea  irrigated,  per  second-foot  of   discharge   utilized. 


8.7 


acres 


103 


139 


64 


The  following  table  gives  some  of  the  figures  connected  with  the 
ater  supply  of  the  irrigable  land  served  by  these  two  projects  for  the 
ear  1889 : 


lainf all  on  irrigable  lands -.-   -  inches. . 

)Tity,  autumn  (four  months) acres. . 

^ost  of  water  measurement  "per  acre cents . . 

jOSs  of  evaporation  in  tank feet 

&Iaintenance  cost  per  acre  irrigated cents.  . 


Xira  canaLs.  Mutba  canals. 


81.5 
60.5 

4 

4.5 


160 


IRRIGATION    IN    INDIA. 


Tlie  working  expenses  on  the  Nir»  Ciinal  for  thi*  year  lOOMJ^C-*- 
$17,000— tlTO  per  mile  on  the  main  canal,  or  33  centi>  peraer^  /• 
gated  and  89  cents  i)er  second- foot  of  dischar^  at  canal  head  T- 
returns  realized  being  from  plantations  of  trees  on  the  cana.  mh.... 
were  $231,  and  the  water  rate  charged  during  the  aameywtrwas 
cents  per  acre  irrigated,  or  $56  p(?r  second-foot  of  discharp*  ai 
canal  head.     The  total  revenue  was  $(;o,000,  and  the  net  reTenur- 
profit  $27,400,  or  1.45  i)er  cent  on  the  capital  invested. 

On  the  Mutha  canal  $960  were  realized  durin«^  the  same  year  >! 
the  plantations  maintained  on  the  canal  banks,  w^hile  the  water  r.: 
per  acre  irrigated  was  $3.91,  or  $260  per  second-foot  of  diicliaree'T  - 
ing  the  canal  head.     As  will  be  noticed,  the  water  rate  levied  os* 
Mutha  canals  was  very  high  i-elatively  to  that  on  the  Nira,  au;  i> 
very  high  as  compared  with  that  charged  on  any  other  canal  sysr- 
in  India.     The  cause  of  this  was  the  great  amount  of  sugar  ciinerx 
vated  along  the  canal,  a  crop  requiring  a  great  amount  of  wav: 
mature  it. 

In  the  following  table  are  given  some  of  the  revenues  deriv^'»:  :r 
the  cultivation  of  the  various  crops  on  the  Nira  and  Mutha  can.L* 


Crop. 


Wheat  .-. . . 
Sngar .  _ .    . 

Jowar 

Bajri 

Beans 

Total 


Nira. 


Acres, 


17,474 


Value. 


165, TOO 


Mutha. 


Acres.  Vil- 


3,190 

^*rr,2oo  ; 

2,861 

143 

7,100  ' 

4,3rr 

10, 320 

86,000  ! 

8.>4 

3,038 

30,200  J 

1.336 

783 

5,200  , 

440 

* 


rr        *L 


9, 768        ^ 


MUTHA  PROJECT. 

The  Mutha  canal  scheme  was  first  proposed  by  Colonel  Fift- .  R  - 
in  1863,  with  a  view  to  irrigate  a  large  district  in  the  neighborb«^'- 
Poona  and  to  furnish  the  water  supply  of  that  city  and  camoni:  - 
The  Mutha  River,  a  tributary  of  the  Bhima,  rises  in  the  W'-* 
Ghauts,  30  miles  east  of  Poona.     The  rainfall  on  the  (ihauls  a  • 
Poona  is  seldom  less  than  200  inches  per  annum  and  has  nevt-r* 
known  to  fail.     Plans  and  estimates  for  the  project  were  finally  * 
mitted  in  1808,  and  in  the  latter  part  of  that  year  the  constmi^;  ' 
the  work  was  commenced. 

The  scheme  comprises  (fig.  39)  a  large  storage  reservoir.  Lake  F 
on  the  Mutha  River,  10  miles  west  of  Poona,  with  two  canals,  t»E- 
each  bank  of  the  river.     It  is  the  reserve  stora^  supply  fn^ffi  '  * 
reservoir  which  assures  an  unfailing  flow  of  water  in  thewwils.^ 
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>  T*aiii£all  is  always  more  than  sufficient  to  HU  the  reservoir.  The 
isil  on  the  right  bank  is  99^  miles  long,  and  is  designed  to  discharge 
2  second-feet  at  the  head;  however,  its  usual  discharge  is  somewhat 


ess  ^v^hile  if  necessary  it  can  be  increased  to  as  much  as  535  second- 
eet.  This  canal  passes  through  the  town  of  Poona  and  commands 
47  200  acres  of  land  entirelj'^  within  the  dry  zone  of  the  Deccan, 
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where  the  rainfall  seldom  exceeds  20  inches.  In  this  area  the  ra- . 
tions  in  the  rainfall  and  risks  of  drought  are  as  great  as  the  a\jBf*x- 
rainfall  is  small.  The  left-bank  canal  is  but  14^-  miles  in  leogtL  a^. 
extends  bat  a  short  distance  beyond  the  town  of  Kirkee.  It  comniriL  > 
an  area  of  4,300  acres  and  the  discharge  at  the  head  is  38  secood-.V 

The  reservoir  is  formed  by  a  masonry  dam  founded  on  solid  n-  ^ 
This  dam  is  constructed  of  unconrsed  rubble  masonry.    Its  i  .. 
length  is  5,136  feet,  of  which  1,453  feet  are  used  as  wasteway.   I  - 
height  above  the  river  is  98  feet,  while  its  maximum  height  sibin^:^ 
foundation  level  is  108  feet.     The  crest  of  the  wasteway  is  11  1- 
below  the  top  of  the  dam,  thus  giving  a  maximum  storage  def>th  > . 
87  feet.     The  dam  backs  the  water  up  the  valley  a  distance  of  U  mi-. 
The  available  contents  of  the  reservoir  are  75,500  acre-feet,  and  u- 
area  of  water  surface  exposed  is  3,681  acres.     In  order  to  oommaL. 
sufficient  elevation  the  beds  of  the  canals  are  taken  off  at  anelev^'i 
of  59  feet  above  the  river  bed  or  bottom  of  the  storage  reserv- • 
Thus  the  available  depth  of  storage  is  but  29  feet.     The  river  ab  * 
the  reservoir  has  a  catchment  area  of  196  square  miles,  over  wL. 
the  rainfall  is  so  great  that  only  one-sixth  of  the  whole  discharj*: 
the  river  is  used.     The  design  of  the  dam  is  unquestionabljenil 
As  at  first  constructed  it  was  14  feet  wide  on  top,  with  straig^fat  >i  >- 
on  either  side  of  2  on  1  downstream  and  20  on  1  upstream.    Tbe  c  : 
soon  showed  signs  of  weakness,  and  to  strengthen  it  a  great  bani 
earth  60  feet  wide  on  top  and  30  feet  high  was  piled  up  agaiot   • 
lower  face.     The  line  of  the  dam  is  built  in  several  tangente. » 
changes  of  top  width  for  each,  according  to  the  height  of  that  pc«r 
of  the  dam,  the  points  of  juncture  of  the  various  tangents  being  h^*^- 
up  by  heavy  buttresses  of  masonry.     The  cost  of  this  structure  ^-• 
about  $1.75  per  cubic  yard,  and  its  total  cost  was  $630,000.    W: 
under  construction  a  temporary  wall  of  masonry  was  erected  at  <• 
distance  below* the  main  dam  in  the  river  bed,  which  w^as  built  ap 
a  height  of  50  feet.     The  object  of  this  was  to  form  a  temp'r* 
water  cushion  for  the  floods  to  fall  on,  so  that  they  should  not  us   * 
mine  the  main  dam  while  the  wasteways  were  being  prepared. 

The  discharge  of  water  from  the  reservoir  into  the  right^bank  ca 
is  regulated  by  ten  sluices,  each  2  feet  square.     These  sluio-^  a" 
closed  by  iron  shutters  and  are  operated  by  means  of  capstan  v 
screw  from  the  top  of  the  dam.     There  are  in  addition  eight  eir*: . 
sluices,  each  2  feet  6  inches  in  diameter,  which  are  1.33  feet  lower ' 
the  canal  sluices  and  are  designed  to  supply  water  to  turbines  for 
power.     These  latter  discharge  into  the  canal  througrh  the  tui'  '• 
chamber.     Three  sluices  of  a  similar  pattern  to  the  canal  sluices  ?? 
tioned  are  at  the  opposite  end  of  the  dam,  for  the  supply  of  xhv 
bank  of  the  canal. 

The  right-bank  canal  has  a  bottom  width  of  23  feet  and  depth 
feet,  though  its  usual  supply  of  water  is  about  5  feet.      Its  fall  >  • 
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hes  per  mile  to  Poena,  at  which  place  there  is  a  drop  of  2.8  feet, 
ich  is  utilized  by  means  of  an  undershot  water  wheel  to  drive  pump- 
:  machinery  for  the  supply  of  water  to  the  town.  The  canal  is  car- 
d  through  Poena  in  a  tunnel  excavated  in  rock.  At  the  fifty-first 
le  the  canal  supplies  Matoba  tank,  which  is  constructed  as  a  relief 
rk  and  commands  an  area  of  8,550  acres  of  irrigable  land. 
The  Mutha  project  was  designed  and  has  been  operated  as  a  produc- 
e  work,  and  was  constructed  from  borrowed  capital.  As  originally 
imated  for,  the  total  cost  of  the  work,  including  land  compensation, 
a  to  have  been  $2,664,000.  The  estimated  revenue,  including  the 
enue  from  mill  power  and  water  supply  to  the  city  of  Poena,  was  to 
^e  been  $207,000,  or  7.78  per  cent  on  the  capital  outlay.  The  total 
it  of  this  work  to  the  end  of  1889  has  been  $2,082,000.  The  working 
senses  were,  in  the  year  1889,  $2.08  per  acre  irrigated;  the  gross 
^enue  from  irrigation  was  $37,000,  and  the  total  net  revenue  was 
1,000,  including  the  revenue  from  all  other  sources,  or  3J  per  cent 
erest  on  the  capital  invested. 

NIRA  PROJECT. 

Bhatgur  reservoir  is  located  in  the  Presidency  of  Bombay,  about  40 
les  south  of  Poena,  on  the  Yelwand  River  just  above  its  junction 
th  the  Nira.  The  topography  of  the  country  thereabouts,  in  its 
ysical  characteristics,  its  climatology,  and  the  appearance  of  its  vege- 
iion  is  very  similar  to  that  in  northern  Arizona  in  the  neighborhood  of 
ach  Springs  or  Hackberry.  It  consists  of  high  mesas  or  table-lands, 
■minating  in  abrupt  and  nearly  perpendicular  rock  slopes,  and  cut 
jO  by  deep  canyons,  which  open  out  rapidly  onto  broad  bottom  lands 
d  valleys,  leaving  the  mountain  masses  standing  out  boldly  like  the 
ins  of  great  old  fortresses. 

The  frequent  failure  and  the  general  uncertainty  of  rainfall  in  the 
rtion  of  the  Poena  collectorate  through  which  the  upper  Nira  River 
ws  caused  Colonel  Fife  to  turn  his  attention  to  devising  some  means 
p  supplying  this  district  with  water  for  irrigation.  Surveys  made 
ider  his  direction  in  1863  showed  that  the  system  of  small  tanks 
lich  had  been  generally  considered  applicable  to  this  region  was, 
lancially  speaking,  impracticable,  as  the  slopes  of  the  smaller  val- 
ys  are  as  high  as  from  30  to  50  feet  per  mile.  The  result  of  the 
(tailed  surveys  then  made  was  that  these  tanks  at  best  afforded  but 
limited  area  of  irrigation,  while  a  tolerable  site  for  a  tank  was  almost 
variably  occupied  by  gardens  irrigated  from  wells,  thus  rendering 
e  land  expensive. 

Preliminary  surveys  for  the  Nira  project  were  made  in  1864,  but 
ere  soon  discontinued.  They  showed  that  the  canal  must  commence 
jar  the  town  of  Shirwal.  In  1868  a  committee  was  appointed  to 
ivestigate  this  scheme  further,  and  the  result  was  that  it  reported 
le  district  to  be  drought  stricken,  and  said  it  would  be  advisable  to 


.1   ' 


JT'  -^ 


164  IRRIGATION    IN    INDIA. 

have  surveys  made  at  once  for  the  construction  of  a  reservoir  '^l 
Nira  River,  with  a  canal  from  the  same.     Surveys  were  resnm* 
the  same  year  under  Lieutenant  Buckle,  R.  E.     These  were  com 
for  some  time,  and  were  finally  taken  up  by  Mr.  J.  E.  Whiting.  C': 
under  whose  direction  the  project  was  finally  coii8truct«d.    Mr.  W 
ing*s  observations  and  surveys  proceeded  until  1871.    They  m^.r. 
the  examination  of  several  different  sites  and  comprised  details]  > 
veys  not  only  of  these  sites,  but  of  river-gaging  and  rainfall  i>ri^r 
tions,  and  the  cross  sectioning  of  the  valley  along  the  canal  line.  T' 
scheme  as  finally  submitted,  and  as  now  constructed,  eon>i>* 
reservoir  on  the  Yelwand  River  and  of  a  canal  heading  at  Vir, 
Nira  River,  19i  miles  below  the  reservoir  site,  the  canal  b^iiij  \. 
miles  long  and  discharging  945  second-feet  at  the  head  (see  fi^'.  • 

The  catchment  basin  above  the  dam  site  has  an  area  of  1:^^  >m  ^ 
miles,  and  the  fall  of  the  river  bed  within  the  reservoir  limiti^  i> '  >- 
per  mile.     The  water  in  the  reservoir  is  backed  up  the  vailfv  a   - 
tance  of  15  miles,  and  its  total  capacity  is  126,500  acre-feet.    Tn^  ^ 
is  4,067  feet  in  length,  and  is  composed  of  the  best  uncoursel  ri 
masonry  laid  in  hydraulic  cement.     It  is  127  feet  in  height  al-*^-  • 
foundation  and  its  crest  is  8  feet  above  high- water  mark.    ItseiiM 
bottom  is  74  feet  wide,  and  the  top  is  12  feet,  and  is  iHtendni  *   • 
used  as  a  roadway.     The  dam  is  designed  on  a  modem  cross  >^ 
by  a  formula  very  similar  to  M.  Bouvier's  (fig.  40).     When  f^iL 
pressure  on  the  toe  is  6.8  tons  per  square  foot,  or  90.8  ih>ue-i?  ;- 
square  inch,  and  when  empty  is  6.7  tons  per  square  foot  on  tli-  ^ 
of  the  dam.     The  water  supply  is  such  that  this  reservoir  cjin  N- : 
eight  times  in  the  year.     Accordingly,  it  is  evident  that  th^re  >  : 
immense  volume  of  water  to  be  wasted.     The  alignment  of  xh 
curves  in  an  irregular  manner  across  the  valley  so  as  to  foil  r* '. 
outcrop  of  rock  on  which  it  is  founded.     These  foundations  ar>*  - 
vated  to  a  depth  of  2  feet  in  the  solid  rock,  which  has  reiiu::*-^^ 
excavation  sometimes  as  deep  as  30  feet  in  order  t/O  reach  homrnrt 
material.     The  greatest  flood  over  the  dam  may  be  50, («•«.♦ 
feet,  and  this  is  passed  off  by  2  waste  ways  and    20  unders- 
The  wasteways  are  constructed  at  either  end  of  the  dam,  in  tl-  •■ 
of  tlie  dam  itself,  and  are  arched  over  so  that  the  roadway  i- 
tinuous  above  them.     Their  total  length  is  810  feet,  and  the  fliM-l 
pass  8  feet  in  depth  through  them.     The  northern  -wasteway,  rb  ' 
the  left  bank,  consists  of  45  arches  of  10  feet  spau  eaeh  which  ■ 
closed  by  automatic  falling  gates.     The  wasteway  at  the  s«)ir. 
consists  of  36  arches,  with  the  same  dimensions  and  construe*: 
the  others.     Jutting  out  from  the  main  dam  on  the  downstream  < 
in  such  a  manner  as  to  inclose  these  wasteways,  are  construct<-«: " 
of  masonry  which  guide  the  discharged  flood  water  into  separav  <  • 
nels,  which  carry  it  into  the  rivers  below  the  main  dam. 

Of  the  undersluices  (PI.  XIX),  15  are  constructed  in  the  ctLt 
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<lani  at  its  deepest  point  and  are  placed  17  feet  apart,  each  being 
f  8  feet  in  dimensions,  with  their  sills  60  feet  below  the  high-water 
1.  With  this  enormous  head  these  nndersluices  will  discharge 
)00  second- feet,  which  is  an  average  maximum  flood,  and  they  have 
eessfuUy  withstood  several  years  of  flood  without  injury  to  the 
its  of  the  ashlar  masonry  with  which  they  are  lined.  Under  full 
d  the  velocity  through  these  sluices  is  36  feet  per  second.  Above 
t  row  of  15  undersluices,  and  near  the  surface  slope  of  the  valley, 

two  others  of  the  same  dimensions,  one  2  feet  above  the  main  row 
1  the  other  60  feet  above  the  main  row.  These  sluices  are  con- 
icted,  as  are  the  main  sluices,  with  a  lining  of  the  best  ashlar 


Flo.  10.— PlsD  anil  cnns  section  of  Bhat^rnr  dam,  Nlra  BTstem,  Bombay. 

asonry,  with  pointed  joints.  They  arc  closed  by  iron  gates,  which 
ide  vertically.  These  gates  weigh  2  tons  each,  and  are  operated  by 
eel  screws  worked  from  above  by  a  female  capstan  screw  operated 
y  hand  levers.  The  gat«s  are  protected  from  injury  by  floating 
ejects  by  means  of  stout  gratings  of  wood  on  the  upstream  entrance, 
here  is  30  feet  of  idle  space  below  the  undersluices,  and  this  is 
ipeeted  to  fill  up  with  silt. 

The  object  of  these  sluices  is  primarily  to  discharge  the  water  of  the 
Bservoir,  which  then  flows  for  nearly  20  miles  down  the  Nira  Riverto 
tie  diversion  or  pick-up  weir  at  Vir,  which  turns  it  into  the  head  of 
be  Nira  canal.  Fewer  sluices  would  have  accomplished  this  end,  but 
dditioual  ones  were  constructed  with  the  object  of  keeping  the  reser- 
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voir  above  them  free  from  sediment.  This  can  be  accomplisbci  c - 
hy  }ea\'ing  the  sluices  open  when  much  sediment  is  carried  in «o>]>-- 
Bion,  and  it  is  very  doubtful  if  they  wonld  clean  the  wseiTfflr  ■•{  -j 
if  it  were  once  permitted  to  fill  tip. 

Mr.  A.  Hill,  superintending  engineer,  says  of  the  seonrini  eC»^'  ' 
these  sluices : 

Scouring  alnices  have  little  effect  unless  the  area  of  the  openings  u  grrax  c 
pared  to  the  area  of  the  floods.  To  remove  edit  already  deposited  thejiieii?>:-7> 
as  has  been  proven  by  the  manner  in  which  they  have  ailtednpat  IdiktYH-i:. 
at  Vir  and  other  places  where  their  area  ie  small  compared  with  that  <d  ilr  i.-'. 
of  the  floods.  At  Bhatgnr  they  are  intended  not  to  remove  silt  depasibd  i^*r 
bnt  to  prevent  its  deposit  by  carrying  it  off  while  in  anapensitm.    If  tlie  diz  :< 
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Pio.  41.— Dfagnun  ot  Beinold'B  antoimtic  weir  ssta. 

high  and  the  discharge  of  the  nnderalnicee  will  keep  the  flood  level  belo*  lb'  ^■ 
supply  level,  then  they  will  be  efficient.  If  the  dam  ia  lo^r  and  the  alokv^  ^- 
not  keep  the  flood  level  below  fnll  supply  level,  they  will  have  little  eff«t 

Experience  on  the  Betwa  reservoir  and  elsewhere  bears  oni  A'^ 
conclusions,  with  the  addition  that  their  scouring  or  preventive  r^i' 
is  felt  v.  very  few  feet  to  either  side  of  the  slnioea,  and  silt  will  J'!'" 
close  to  their  entrance.  In  other  words,  they  do  little  more  Uiao  fc- 
an  open  channel  above  them. 

The  automatic  sluice  gates  which  are  to  be  used  on  the  ira.<^<- 
of  this  dam  are  peculiar,  and  are  well  worth  describing.  Thev  -' 
patented  by  Mr.  E.  K.  Reinold,  their  inventor,  and  their  i>bjM  ■■ 
that  when  the  flood  reaches  its  maximum  height,  8  feet  belov" 
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5st  of  the  dam,  the  gate  shall  be  entirely  open,  and  as  the  flood 
bsi<Ies  the  gate  shall  automatically  rise  until  it  is  entirely  closed, 
us  acl<ling  to  the  reservoir  capacity  by  the  depth  of  the  wasteweir. 
le  ga.tes  are  8  by  10  feet,  and  they  thus  increase  the  depth  of  this 
servoir  by  8  feet.     Where  water  is  valuable  such  an  expedient  may 

of  tlie  greatest  financial  importance. 
These  gates  have  been  in  successful  operation  since  about  1892,  or 
r  ten  years,  and  have  worked  admirably.     So  much  so,  in  fact,  that 
tnilar  gates  are  being  placed  on  the  Lake  Fife  dam,  and  have  been 
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Fio.  43. — Section  of  automatic  gates  and  crest,  Bhatgur  dam. 

planned  for  others.     The  leakage  at  Bhatgur  has  been  too  slight  to 
be  taken  in  account. 

The  gate  has  two  contact  surfaces,  one  on  the  standard  face  against 
which  it  presses,  and  one  on  the  face  of  the  gate.  These  surfaces 
slide  parallel  to  each  other  and  are  the  surfaces  of  inclined  planes. 
The  gate  rests  on  wheels  running  on  rails  and  the  axes  of  these  wheels 
are  parallel  to  the  line  of  rails  and  at  a  slight  angle  to  the  contact 
planes,  so  that  the  latter  do  not  touch  until  the  gate  is  fully  raised  or 
closed,  thus  permitting  by  leakage  a  large  amount  of  the  flood  water 
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un  out  of  them  until  the  last  moment.  The  accompanying  illus- 
ions (figs.  41-43)  explain  the  operation  of  the  gate.  It  is  auto- 
ieally  operated  by  means  of  counterpoises  balanced  in  water  cis- 
is,  the  weight  of  which  exceeds  the  weight  of  the  gate  by  a  little 
e  than  the  amount  of  the  friction,  and  they  act  by  displacing  their 
ime  in  water  in  the  cisterns  in  which  thej'^  plunge,  thus  lessening 
r  weight  by  that  of  this  volume  of  water.  As  the  water  flows  over 
top  it  flows  simultaneously  into  the  cast-iron  boxes  in  which  the 
iterweights  hang,  through  inlets  placed  on  a  level  with  the  gate 
This  water  entering  the  cisterns  reduces  the  weight  of  the  coun- 
oises,  and  the  gate  then,  being  the  heavier,  sinks,  opening  the  waste- 
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Fig.  44.— Plan  of  head-works,  Nira  canal,  Vir. 


When  the  water  ceases  to  enter  the  boxes,  owing  to  its  having 
n  below  the  level  of  the  inlets,  it  soon  runs  out  from  holes  at  the 
>m  and  the  counterweights  then  become  heavier  than  the  gate 
lift  the  latter.  Giving  the  proper  weight  to  these  counterpoises 
e  of  the  important  details  of  the  apparatus, 
e  Nira  canal  heads  at  Vir,  19^  miles  below  the  reservoir  (PL 
^1).  The  river  bed  between  these  two  points  being  of  a  rocky 
leter  little  or  no  loss  from  absorption  takes  place.  The  pick-up 
version  weir  is  constructed  across  the  Nira  River  at  its  junction 
the  River  Vir,  and  it  crosses  both  of  these  streams  and  the  point 
nd  between  them  (fi^.  44).     The  total  length  of  the  weir  is  2,340 
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feet,  and  its  greatest  height  above  the  foundation  is43^f(»L  T. 
dam  is  constructed  of  uncoursed  rubble  masonry  and  is  1»  feet  ivi- 
top  (fig.  45).     The  rear  slopes  are  8  feet  on  1  for  20  feet,  afid* . 
for  the  remainder  or  lower  part.     The  upstream  face  has  a  an  f  • 
batter  of  20  on  1.     At  no  place  is  the  mean  thickness  less  than  L 
the  weight  of  the  dam.     The  main  weir  consists  of  two  straigb:  :•  • 
tions  connected  by  a  curved  wall  over  which  the  water  will  not  % 
This  wall  extends  through  the  point  of  land  connecting  the  t^oriv^ 
and  a  channel  126  feet  in  width  is  excavated  below  it,  oonneetis; 
rivers.     The  weir  is  founded  on  solid  rock  throughout,  but lijf-nL . 
water  cushion  and  break  the  force  of  the  great  flood  which  passt? 
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Fia.  46.— Plan  of  regolator  head  and  croes-fleetion  of  weir  and  canal  l)aDks.  KIta  ^'^^i' 

it,  a  subsidiary  weir,  situated  2,800  feet  below  the  main  weir,  ^  : 
vided.  The  total  length  of  this  subsidiary  weir  is  615  fe^t, and. 
24|  feet  high,  with  its  crest  20  feet  lower  than  that  of  the  main  ^ 
It  thus  forms  a  permanent  water  cushion  20  feet  deep  below  tbt*i 
weir.  Like  the  main  weir,  this  subsidiary  weir  is  constractt^  •  * 
best  uncoursed  rubble  masonry,  and  has  a  roadway  on  top.  I**^' 
a  maximum  flood,  it  is  estimated  that  the  cushion  will  be  32  feet  •:- 
when  the  overfall  will  be  only  8  feet  deep. 

The  cat<3hment  basin  above  this  diversion  weir  is  700  squan?  "^ 
and  the  greatest  flood  estimated  to  pass  over  it  is  158,000  gecon*'- 
corresponding  to  a  run  off  of  nearly  half  an  inch  per  hour, 
greatest  flood  which  has  occurred  rose  8  feet  over  the  crest  of  the  i 
weir  and  13  feet  in  depth  over  that  of  the  subsidiary  weir  (PL  ^^ 
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!  main  weir  backs  the  water  up  the  Nira  River  a  distance  of  12 
3S  to  Shirwal  and  impounds  about  1,400  acre-feet,  or  sufficient  to 
rd  a  i-eserve  supply  for  the  canal  for  a  few  days.  It  is  expected, 
ever,  that  this  basin  will  silt  up  in  the  course  of  time.  The  canal 
ds  from  the  left  bank  of  the  river  at  right  angles  to  the  River  Vir 
.  44),  and  in  a  portion  of  the  weir  just  below  this  head  it  has  been 
nd  necessary  to  construct  a  second  subsidiary  weir  of  trifling 
ensions  which  catches  the  direct  flood  from  the  Vir  on  a  water 
liion  (PI.  XX,  A). 
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Pia.  46. — Nira  canal;  Kiii)erpaR8age  at  Hiphon  for  Jewhar  Torrent. 

The  canal  after  leaving  the  head-gates  makes  a  long  sweep  through 
low  ridge,  curving  until  it  is  parallel  to  the  river.  In  the  cut 
rough  this  ridge,  which  is  400  feet  in  length,  the  average  depth  of 
cavation  is  50  feet.  The  velocity  in  the  canal  averages  1.8  feet  per 
cond.  The  regulating  sluices  (fig.  45)  at  the  canal  head  are  7  in 
imber,  each  4  feet  wide  and  have  an  available  head  of  9  inches.  In 
e  weir  adjacent  to  the  head  regulators  are  a  set  of  two  scouring 
aices  which  have  not  a  sufficient  area  to  remove  silt  which  may 
'posit,  but  which  act  as  all  other  scouring  sluices  in  keeping  open  a 
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clear  channel  past  the-head  of  the  canal.  At  its  head  the bott^BB^  . 
of  the  canal  is  23  feet,  the  depth  of  water  7i  feet,  and  the  disrb\ 
ordinarily  470  second-feet,  while  the  fall  is  6  inches  i>er  mik.  A- 
present  constructed  the  main  canal  is  103  miles  long  and  contrri;^ 
irrigable  area  of  300  square  miles.  There  have  been  construpia:  : 
miles  of  distributaries  commanding  a  portion  of  this  area.  Tbes-  - 
of  the  canal  increases  to  3  feet  in  a  mile  in  rock  eats  with  a  coith>;« 
ing  cross-sectional  area.  In  earth  where  the  canal  cross  ser-t  nl  « 
small  the  greatest  fall  is  18  inches  in  a  mile.  The  acoompaBTv . 
fig.  45  is  a  cross  section  of  the  canal  showing  the  way  in  whki  ' - 
berms  and  banks  are  formed. 

Numerous  cross  drainages  are  passed  in  the  line  of  the  canal  * 
lai^est  works  being  aqueducts  over  the  Kurra  River  and  the  War:. . 
and  a  superpassage  over  the  Jewhar  Torrent.      The  Kurra  aqu»-i 
(PI.  XX,  B)  consists  of  20  arches  of  30  feet  span  each.     The  dWU:. 
of  the  river  is  estimated  to  touch  the  crowns  of  the  arches  at  a  vp!  ^ 
of  9  feet  per  second  through  them.     The  superpassage  for  th«*  Jf-- 
Torrent  is  novel  (fig.  46)  and  has  an  advantage  over  weirs,  astb*  > 
ing  of  the  canal  is  avoided.     This  structure  differs  from  an  oi^ii 
superpassage  in  being  in  solid  rock,  thus  acting  as  a  weir;  abo  ii  _ 
canal  being  carried  under  without  any  great  drop  or  falL    Th^  fai 
clears  the  arching  to  avoid  loss  of  velocity;  in  this  it  differ f: 
siphons.     There  is  extra  velocity  and  consequent  narrowing  il  . 
waterway.     Regarding  the  aqueducts,  it  may  be  observed  dwi.  ^  * 
the  superpassages,  the  object  has  been  to  make  them  as  narrr^  * 
possible  without  sacrificing  too  much  fall,  and  the  narrowed  cki:  - 
is  smoothly  paved  and  grouted.     It  is  estimated  that  the  aooelerd* 
along  this  steep  incline,  together  with  the  original  velocity  of  appr 
gives  the  requisite  speed  before  the  water  enters  the  aqueduct.    V 
inclination  is  given  along  the  aqueduct  sufficient  to  maint&ii ' 
velocity  and  carry  the  water  across,  but  directly  the  passage  is  H-^  - 
the  canal  is  gradually  widened  and  gets  its  regular  fall  per  miV 

The  total  outlay  on  the  Nira  project  to  the  end  of  the  year  is^^  ■» ' 
as  follows: 

Total  outlay  on  Nira  project  to  etui  of  18SS, 

Canals,  distributaries,  etc _ $ri* 

Bhatgiir  reservoir  (uncompleted) ^* 

Twenty-three  sluice  gates  and  the  snbtsddiary  weir 

Canal  head-works  at  Vir if 

Nineteen  aqueducts. '- 

Two  siphon  superpassages _ - 

Seventy-five  small  weirs J*"- 

Hydrants,  turbines,  etc -. 

Compensation  for  land _ I'" 

Total,  including  sundry  others l.-i^' 

To  the  close  of  1901  the  expenses,  exclusive  of  the  Bhatgnr  ^'^^ 
voir  were:  For  main  canals,  #630,000;  distributaries,  t68,tXX^;  J^-- 
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'ks,   $706,000;  establishment,  $342,000;  tools  and  plant,  $41,000; 
il,  $1, 787,000.     The  revenues  to  end  of  1901  had  been :  Water  rates, 
2,000;  plantations,  $3,000;  rent  of  buildings,  $1,600;  total,  includ- 
miseellaneous,  $367,000. 

BETWA  PROJECT. 

'he  first  proposal  for  the  construction  of  a  canal  from  the  Betwa 

er  was  made  by  Major-General  Strachey  in  November,  1855.  The 
jstion  was  again  considered  after  the  mutiny  in  1859,  but  nothing 
3  done  until  1867,  when  Lieutenant  Home,  R.  E.,  was  directed  to 
Kluct  the  inquiry. 

lieutenant  Home  made  examinations  in  1867  and  1868,  and  sub- 
bted  a  preliminary  report  which  showed  that  it  was  practicable  to 
lize  the  waters  of  the  Betwa  River  for  irrigating  a  tract  in  Bundel- 
ad,  in  the  Northwest  Provinces,  lying  between  the  Rivers  Jumna, 
huj,  and  Betwa,  whereupon  more  complete  investigations  were 
lered.  The  examination  was  continued  by  Lieutenant  Bagge  and 
:imate  submitted.     Further  examinations  were  made  later,  in  1869, 

Mr.  Anderson,  under  the  general  direction  of  Colonel  Greathed, 
ief  engineer,  and  the  conclusions  arrived  at  by  him  were  that  Pari- 
i  was  the  best  position  for  a  diversion  weir;  that  for  four  or  five 
:3nth8  of  the  year  1,000  second-feet  could  be  depended  on  even  dur- 
g  years  of  minimum  rainfall,  but  that  final  further  examination  was 
Ivisable.  In  November  of  the  same  year  Lieutenant  Bagge  sub- 
itted  a  detailed  project  and  estimate  of  the  Betwa  canal,  including 
provision  for  water  storage.  The  estimates  were  so  high  that  the 
•eject  was  shelved,  especially  as  there  was  no  prospect  of  the  enter- 
rise  realizing  more  than  from  3^  to  4  per  cent  interest  on  the  expend- 
ure.  Finally,  in  November,  1873,  the  Government  sanctioned  the 
^timates,  restricting  the  canal  to  wet- weather  irrigation  without  pro- 
ision  for  navigation  and  without  being  supplemented  by  storage. 

The  works  of  the  canal  were  designed  and  carried  out  under  these 
eneral  plans,  but  were  afterwards  modified  so  as  to  include  a  storage 
eservoir  and  irrigation  throughout  the  year.  Various  sites  were 
iscussed  for  the  location  of  the  storage  works,  that  at  Khoord  being 
he  most  favorably  considered  for  some  time,  but  finally  Paricha,  a  site 
•reviously  decided  upon  for  the  diversion  weir,  was  accepted  as  the 
)e8t  location. 

The  area  covered  by  the  Betwa  canal  system  is  about  l,oOO  square 
niles.  The  surface  formation  of  the  bench  land  covered  is  very  pecul- 
ar.  The  highlands  border  on  the  valleys  of  the  Pahuj  and  Betwa 
•ivers,  while  the  lowlands  occupy  the  central  part,  being  drained  by 
iwo  separate  channels  which  unite  as  they  approach  the  River  Jumna. 
Owing  to  the  irregularity  of  the  rainfall  and  the  excessive  fertility  of 
the  soil  on  this  area  of  land,  it  is  difficult  to  make  a  canal  project 
remunerative  without  supplementing  its  perennial  discharge  with 
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storage  water,  since  during  the  ordinary  season  of  the  year,  wbet  - 
river  flows  an  abundant  stream  of  water,  the  rainfall  on  the  irrij* 
area  is  sufficient  for  most  of  the  needs  of  the  agricuUnrist.  Tb*-  v 
chosen  for  the  diversion  weir  is  an  excellent  one,  the  unusnalT' 
of  the  river  bed  at  this  point  affording  an  ample  wastewsTfor  - 
great  floods  which  may  be  expected  during  certain  periods,  h^ 
necessary  to  design  the  storage  dam  as  an  overfall  weir  throagliai!  -^ 
entire  length,  as  the  maximum  flood   to  be  discharged  amoQL** 
750,000  second-feet.     A  rocky  barrier  or  ledge  runs  across  theirs 
the  river  at  this  point  and  forms  an  excellent  foundatibn  for  thp?  : 
The  river  has  a  straight  run  between  good  stiff  banks,  and  there » 
plentiful  supply  of  good  building  stone  in  the  neighborhood. 

For  the  first  20  miles  the  canal  runs  in  a  direct  line,  and  b  i: . 
excavation  varying  in  depth  from  5  to  40  feet.     This  portion  '•:  . 
line  is  fortunately  in  earth  and  maj^  be  considered  as  purely  div^^ 
line,  being  too  deep  for  purposes  of  flow  irrigation.    The  first  •:  i-  - 
of  the  canal  are  protected  by  a  drainage  channel  parallel  to  it,  vL 
catches  the  discharge  from  the  various  small  streams  crossio;: :: 
right  angles  to  the  direction  of  the  canal.     Through  this  first  {or. 
of  its  length  the  cross  section  of  the  canal  is  20  feet  at  the  N  *  " 
with  a  depth  of  12  feet  of  water.    The  first  3  miles  below  the  hej'  ^' 
revetted  both  on  the  banks  and  the  bed  of  the  canal.    This  mY.\ 
consists  of  a  paving  of  loose  stones  carefully  laid  by  hand.  Non'  - 
of  any  importance  takes  place  in  the  canal,  as  the  water  is  adnii* 
to  it  only  during  the  season  of  moderate  discharge  in  the  river.  ^ 
as  it  is  taken  from  the  storage  reservoir  most  of  the  sediment  ha?  '*-: 
previously  deposited.    The  growth  of  weeds,  however,  is  rathi-r^i^ 
sive,  owing  to  the  low  slope  of  the  canal,  and  the  latter  is  peric"i..i-. 
closed  in  order  that  the  weeds  may  be  cleared  by  hand. 

One  of  the  principal  branches — the  Hamirpur  branch— is  dl^.:■' 
with  a  bottom  width  of  15  feet  for  the  first  30  miles  and  a  (i*-'/ 
water  at  head  of  6  feet,  its  slope  being  1  in  3,000,  which  givesa>  ^  •  : 
of  1 J  feet  per  second  and  a  discharge  of  340  second-feet.    Fn^c  * 
point  on,  the  branch  diminishes  gradually  in  dimensions  and  can  . 
capacity,  the  slope  being  continually  altered  so  as  to  give  an  av*^'  - 
velocity  throughout  of  about  3  feet  per  second.    -Another  main  bra: 
called  the  Kathund  branch,  has  a  bed  of  30  feet  and  adepthof  0*> 
and  is  designed  to  carry  500  second-feet  of  water. <» 

The  local  drainage  met  in  the  first  few  miles  is  disposed  of  byn.'^ 
of  a  parallel  drainage  canal  having  an  inlet  into  the  canal,  ar.: 
another  channel  near  the  canal  head  discharging  into  the  Beti^a  R 
There  are  two  drainage  siphons,  one  in  the  seventeenth  mile  an-i  ' 
on  the  Ilamipur  branch.    The  siphon  on  the  main  canal  will  dis^ '• 
1,300  second-feet  and  is  provided  with  five  vents  of  30  square: 
which  head  the  wat^r  up  li  feet  and  discharge  it  with  a  velocit}  ■  ^ 

a  The  Betwa  Canal  Project  in  the  NorthwoBt  Provinces,  Records  of  the  OoT«n»ineB*'-'  - 
Calcutta,  1877. 
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i  per  second.  The  falls  along  the  lines  of  the  canal  and  the  bridges 
of  the  usual  pattern  described  elsewhere. 

he  inininium  discharge  of  the  river  may  be  taken  as  about  50 
)nd-feet,  while  the  maximum  discharge  may  be  as  great  as  750,000 
>nd-f eet-  The  average  rainfall  over  the  irrigated  lands  is  39  inches. 
)  gross  area  of  land  commanded  is  522,800  acres  and  the  culturable 
ft  is  348,586  acres,  while  the  area  irrigated  at  present  is  180,000 
Bs.  The  expenditure  on  the  works,  including  all  charges  to  the 
r  1893,  was  $1,435,000.  These  works  include  19  miles  of  main 
al,  163  miles  of  branch  canals,  and  380  miles  of  distributaries. 
5  duty  performed  in  1887  during  the  fall  crop  was  67  acres  per 
ond-foot  of  the  discharge  at  the  head,  or  76  acres  per  second-foot 


Fio.  47.— Betwa  project;  plan  of  dam  and  head-works. 

the  discharge  utilized.  The  principal  crops  raised  were  wheat  and 
trley,  with  a  small  amount  of  pulses,  indigo,  and  opium. 
The  weir  alignment  has  been  skillfully  located  so  as  to  make  the 
ost  of  the  rocky  barrier  which  crosses  the  river  at  the  point  where 
is  constructed  (fig.  47).  The  weir  is  placed  on  the  ndge  of  this 
ef,  which  curves  away  from  the  left  flank  and  is  convex  upstream, 
'  that  the  water  will  be  thrown  toward  the  middle  of  the  channel, 
lie  height  of  the  weir  above  the  river  bed  varies  between  0.4  of  a 
K)t  and  60  feet,  except  on  the  left  bank,  where  the  rock  was  higher 
lan  the  sill  and  had  to  be  cut  down.  The  total  length  between  the 
-eps  on  either  protected  bank  is  3,296  feet  and  it  is  calculated  to  pro- 
uce  an  afflux  in  extreme  flood  of  6.5.  The  cross  section  of  the  weir 
a  at  first  proposed  is  a  trapezoid  with  sides  of  equal  slope,  viz,  10 
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horizontal  to  25i  vertical,  the  top  width  being  lOJ  feet   Tb»-  •. 
engineer,  Colonel  Greathed,  did  not  approve  of  this  cross  sectVL  * 
decided  that  the  downstream  face  of  the  weir  should  be  neariy  ^^ 
in  order  that  a  6-inch  film  of  water  passing  over  the  weir  woul : 
clear  of  the  toe,  and  in  order  to  increase  the  stability  of  the  »-: 
has  been  extended  upstream  somewhat.     The  upstream  ed^  ha?  -- 
rounded  in  order  that  driftwood  may  pass  over  without  oletnr* 
and  injury  to  the  masonry,  and  a  curve  has  been  given  to  the  ujm- 
face,  instead  of  a  batter,  in  order  to  facilitate  the  passage  •*(  ¥/.• 
and  drift. 

The  accompanying  section  of  the  weir  (fig.  48)  is  for  the  h:^^ 
part.     Fifteen  feet  has  been  adopted  as  a  convenient  and  dl.  • 
width  for  the  top,  which  is jcoped  with  ashlar  18  inches  thick,  th*-  n:  • 
blocks  being  not  less  than  15  inches  wide  and  weighing  about  1  tos  t. 


63/.  50 


6Z5.5o\ 


(  SSSiOOt 


Fig.  4S.— Ctobs  section  of  Betwa  weir. 


The  body  of  the  weir  is  built  of  rubble  masonry  coursed  on  both :  ^' 
the  minimum  dimensions  of  the  stones  being  9  inches  long,  ^  -^  '^ 
wide,  and  6  inches  high,  with  a  due  proportion  of  bond  stones, 
ashlar  is  set  in  Portland  cement  and  the  rubble  in  native  hpir  ■ 
lime  cement.     The  body  of  the  weir  appears  to  be  unneees«anl}  ^ 
and  heavy;  especially  is  this  true  of  the  groat  block  of  masonry' 
is  placed  at  the  toe.     The  cross  section,  however,  was  con^idt'^ 
the  engineers  to  be  necessary,  owing  to  the  st<eepness  of  the  s^!- ; 
the  river  and  the  magnitude  of  the  floods  which  it  dischai^e& 

As  shown  by  the  accompanying  plan  of  the  river  and  of  tht  - 
crossing  it  (fig.  47),  the  latter  is  constructed  in  three  different  le:: 
separated  by  a  large  island,  on  which  it  abuts  in  one  place  a&i 
rock  which  projects  above  the  surface  of  the  water  in  another]  j 
The  deepest  portion  of  the  channel  is  adjacent  to  the  left  l»nk.  *• 
the  greatest  height  of  the  weir  at  this  point,  including  f  oundati'  i- 


SON.] 


BETWA   PBOJEOT. 


177 


Qewhat  over  60  f  oet.  At  the  toe  of  the  weir  on  the  downstream  slox>e 
)nilt  out  a  great  block  of  masonry  from  15  to  16  feet  in  width,  which 
n  tended  to  receive  a  portion  of  the  jar  caused  by  the  impact  of  the 
)d  water  passing  over  the  weir.  Adjacent  to  the  left  bank  a  row  of 
(lersluices,  four  in  number,  are  constructed  in  the  weir  itself,  the 
iect  of  which  is  to  give  a  scour  past  the  canal  head,  thus  keeping 
flatter  free  of  silt.  The  canal  itself  heads  just  above  these  under- 
ices,  the  regulator  consisting  of  five  openings,  arranged  with  a  double 
r  of  gates,  one  above  the  other,  in  such  manner  that  either  the  upper 
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FiQ.  49.— Betwa  project,  plan  of  rejpilator  and  soonringr  slnices. 

lower  series  may  be  used  at  will  according  to  the  depth  of  water  in 
e  reservoir. 

Below  the  portion  of  the  weir  across  the  main  channel  is  con- 
ructed  a  subsidiary  weir  at  a  distance  of  perhaps  1,400  feet,  the 
Jject  of  which  is  t.o  back  the  water  up  against  the  main  weir,  thus 
[•educing  a  water  cushion  on  which  the  floods  shall  fall.  The 
Ktreme  height  of  this  subsidiary  weir  is  about  18  feet  and  the  height 
I  overfall  from  the  main  weir  to  the  water  cushion  formed  by  it  is 
^  feet,  though  in  time  of  flood  this  will  be  reduced  to  8  feet.  The 
)p  width  of  the  subsidiary  weir  is  12  feet,  and  its  walls  are  nearly 
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vertical  on  the  downstream  side  with  a  slope  of  about  10  oo  1  s:- 
stream.     The  main  body  of  the  weir  between  the  island  and  tbe ta- 
row  right-bank  channel  is  very  low  and  the  overfall  is  onto  a  st' 
rock  bed.     It  was  ficcordingly  not  necessary  t-o  constmct  a  sobsid^^ 
weir  below  this  portion  of  the  weir,  but  across  the  right-bank  ehaLu-L 
where  the  height  of  the  weir  nearly  approaches  that  at  theenrra 
left  bank,  a  secondary  subsidiary  weir  has  been  constracted  a:  -. 
distance  of  about  200  feet  below  the  main  weir,  and  with  the  sai 
object  and  same  crest  level  as  the  subsidiary  weir  just  dcMr-ribe-i 

The  available  net  storage  depth  of  the  reservoir  is  21^  feet,  sd.  ** 
capacity  above  the  canal  bed  is  36,800  acre-feet,  though  it  has  ••-- 
found  that  the  lower  6  feet  of  depth  is  of  little  service,  as  the  I- 
above  is  not  enough  to  force  the  water  into  the  canal  with  sufi-:-:* 
freedom  to  make  it  practically  available. 
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OLD  WEIR  RUBBLE  MASONRY 
Fig.  so.— Antomatic  drop  ahatters,  Betwa  dam. 


V. 


In  1897  the  subject  of  increasing  the  storage  capacity  of  thisdac 
adding  automatic  drop  shutters  on  its  crest  was  considered,  and  '"^ 
plans  for  carrying  out  this  work  were  finally  approved  and  carri^^ 
completion  in  1901.     These  works  consist  of  two  part«,  naiii**ly.  * 
building  up  of  the  weir  crest  by  the  addition  of  1  foot  in  height  "f  " 
best  rubble  masonry,  and  of  shutters  6  feet  high  placed  on  i*  r 
these,  thus  making  the  total  increase  in  height  to  which  the  v^ 
can  be  raised  amount  to  7  feet  (fig.  50).     By  this  means  the  f^ 
increase  in  storage  capacity  of  the  reservoir  with  the  shutters  m* 
was  1,800  acre-feet,  which  is  equivalent  to  an  additional  nine^ '•• 
flood  supply  of  the  canal. 

The  shutters  are  illustrative  of  the  latest  Indian  practict*  m-^ 
design  of  automatic  drop  gates.  Moreover,  they  were  subjeetec  * 
the  unusual  test  on  completion,  in  1902,  in  the  form  of  an  eit» ' 
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lary  flood  of  970,000  second-feet  volume  instead  of  the  greatest  maxi- 
im  anticipated,  of  750,000  second-feet.  This  flood  passed  over  the 
st  of  tlie  dam  to  a  maximnm  height  of  16.4  feet,  when  it  had  been 
(igned.  only  to  stand  a  previous  known  flood  height  of  6.5.  For- 
lately,  the  shutters  worked  successfully  and  rapidly,  and  neither 
ir  nor  shutters  sustained  any  material  injury.  These  shutters  are 
ih  6  feet  high  and  12  feet  long,  and  as  the  length  of  the  weir  crest 
3, 600  feet  there  are  300  such  shutters.     They  are  made  entirely  of 
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BOTTOM  PLAN         ^U,st:Ffener  y>i'^2>,-^^^ 
Fig.  51.— Shatter  gates,  Betwa  dam. 


t/cel,  consisting  of  two  one-fourth  inch  plates  joined  along  their  mid- 
le  and  stiffened  both  longitudinally  and  laterally  by  angle  iron  3^ 
►y  2^  by  f  inches  (fig.  51).  To  the  flanges  of  the  vertical  stiffeners 
re  pivoted  If -inch  tension  bars.  The  other  end  is  similarly  attached 
o  anchor  bolts  built  2  feet  into  the  masonry  crest  of  the  weir.  There 
Te  four  such  tension  bars  to  each  12-foot  gate.  The  point  of  attach- 
nent  of  the  tension  bar  and  shutter  is  so  designed  that  the  gates  fall 
lutomatically  with  a  given  depth  of  water  passing  over  them,  thus 
^curing  safety  in  case  of  excessive  floods.    The  bottom  of  each  gate 
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is  supplied  with  four  steel  shoes  which  rest  upon  sliding  plates  la/ 
into  the  weir  crest,  thus  reducing  the  f rictional  resistance  wben  *lir 
gates  fall  (fig.  51).     Wooden  boulks,  4  feet  by  4  inches,  are  fiitd : 
the  ends  of  the  shutters,  which  have  a  space  of  1  foot  separating  tire. 
which  is  calked  when  the  gates  are  raised. 

If  the  300  shutters  were  to  fall  together,  the  shock  would  d&>.  ' 
strain  the  weir  and  the  flood  volume  submerge  the  river  hanks  l>^.' 
Hence  the  attachment  of  the  tension  bars  has  been  so  arranged :!  ^ 
each  third  gate  falls  under  different  depths  of  water.  The  fin^t  :i  ^' 
fall  with  a  depth  over  top  of  2  feet,  the  next  with  3  feet,  and  th  U** 
with  4  feet.  Thus  after  the  first  third  fall  the  released  water r»>l.>- 
the  fiood  depth,  and  the  latter  must  increase  considerably  to  top  i^ 
second  third,  and  so  on.  It  was  not  anticipated  that  all  the  shun*^ 
would  ever  fall,  yet  this  occurred  in  the  fiood  above  mentioned 

Careful  calculations  were  necessary  to  determine  the  poin:  ' 
attachment  for  each  group  of  shutters,  and  as  a  fraction  of  ao  L  . 
would  make  a  great  difference  in  upsetting  the  gate  careful  i-i]'-'- 
ments  were  made  with  a  model  gate  to  determine  the  exact  pc'li' 
attachment  of  the  tension  rods.  So  as  to  have  uniformitv  of  ViT 
of  the  latter,  the  pivot  holes  in  the  shutters  were  arranged  inan^^  * 
circle  at  the  required  height  from  the  bottom  of  the  shoe  (fig.  51,  ^ 
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The  undersluices  which  are  constructed  in  the  main  body 
weir  opposite  the  canal  head  are  placed  at  right  angles  with  tlj*^  '- 
of  the  canal  regulator  in  order  to  give  sufficient  scour  along  the  ra- 
head  to  prevent  the  deposit  of  silt.     The  height  of  the  face  w 
given  a  margin  of  6  feet  above  the  calculated  afflux  level.    Tht* a"?  ' 
sluices  consist  of  four  vents,  the  bottoms  of  which  are  on  a  lev*-:' 
the  sill  of  the  canal  and  are  each  16|  by  16f  feet  in  dimensions  T 
piers  of  the  undersluices  are  5  feet  thick  in  order  to  support  tb*  r  • 
superincumbent  weight  of  masonry.     The  abutments,  piers,  *P''" 
cut-waters,  etc.,  are  of  ashlar,  the  rest  of  the  work  being  of  ra 
masonry,  the  upstream  face  being  pointed  with  Portland  ivc" 
A  peculiar  curve  is  given  to  the  upper  face  of  the  piers  betw»^^ ' 
sluice  vents,  forming  a  venar-con tractor  in  such  manner  as  to  pa^?' 
water  with  the  least  friction  through  the  sluiceways.    The  sluift^  ♦ 
each  closed  by  a  series  of  two  plain  drop  gates,  the  upstream  *^' 
gates  being  operated  by  a  screw  by  means  of  hand  levers  from  at^' 
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lo^wer  openiDgs  being  closed  by  slash  boards  let  into  grooves  in  the 

•s. 

he  ^ates  of  the  regulating  slaices  of  the  canal  are  of  such  cross- 
ional  area  as  to  admit  1,000  second-feet  of  water.  The  number  of 
iiiii^  in  the  regulator  is  five,  each  6  feet  in  width  by  5  feet  in 
^ht ,  and,  as  before  stated,  are  two  decks  in  height,  being  closed  by 
Pirate  grates  in  such  manner  that  either  the  upper  or  lower  series  of 
L*s  may  be  opened  at  will,  according  to  the  depth  and  pressure  of 
er  in  the  reservoir.  Below  the  main  regulator  gates,  which  are 
rated  by  screws  by  means  of  hand  levers  worked  from  above,  are 
^t  of  two  safety  drop  gates,  which  are  raised  by  means  of  a  travel- 
winch.  The  accompanying  drawings  (fig.  49)  illustrate  some  of 
details  of  construction  of  the  regulating  and  flushing  sluices, 
ese  regulating  gates,  like  those  of  the  flushing  sluices,  are  con- 
acted  of  the  best  rubble  masonry,  finished  with  ashlar.  The  total 
\t  of  the  head  gates  and  flushing  sluices  was  $100,000,  while  the 
in  weir,  inclusive  of  the  subsidiary  weirs,  cost  only  $160,000. 
The  left  flank  of  the  river  is  protected  up  and  down  stream  by  a 
rig  wall,  the  former  140  feet  long  and  the  latter  75  feet  long.  The 
Lole  length  of  the  wing  walls  is  founded  on  rock,  and,  excepting  the 
rapet,  they  are  constructed  chiefly  of  rubble  masonry.  In  order  to 
old  inundation  by  the  afilux  caused  by  the  weir,  embankments  have 
en  constructed  on  both  sides  of  the  river.  The  top  width  of  these 
20  feet  and  the  center  of  each  is  hearted  with  a  puddle  wall  3  feet 
ick. 

The  Betwa  project  was  sanctioned  as  a  protective  work.  The  total 
:penditnre  on  it  up  to  the  and  of  1901  was  $1,500,000,  the  total  reve- 
les  from  iiTigation  were  $9,300,  and  the  total  working  expenses 
ere  $30,000;  while  the  net  revenue  account  showed  a  deficit  overall 
'ceipts,  including  those  from  irrigation,  of  $20,000.  This  work  has 
3en  in  operation  but  a  few  years  and  the  revenue  has  been  con- 
antly  increasing  in  amount  relative  to  the  working  exx)enses. 

PERIYAR  PROJECT. 

The  Periyar  project  for  the  irrigation  of  the  Vaigai  Valley,  in  Ma- 
ras  Presidency,  is  probably  the  most  interesting  illustration  of  the 
ombined  storage  work  and  irrigation  canal  system  to  be  found  in 
ndia,  especially  as  it  was  sanctioned  as  a  protective  work.  The  pro- 
Bct  (PI.  XXII)  includes  the  construction  of  a  dam  to  close  the  valley 
•f  the  Periyar  River  to  store  300,000  acre-feet  of  water,  of  which 
50,000  acre-feet  are  above  the  sill  of  the  outlet  tunnel  and  are  thus 
available  for  irrigation;  the  construction  of  a  tunnel  through  the 
watershed  dividing  the  valley  of  the  Periyar  from  that  of  the  Vaigai 
Oliver  for  the  purpose  of  drawing  off  the  water  from  the  reservoir, 
vith  the  necessary  sluices  and  subsidiary  works  for  controlling  the 
[)assage  of  the  supply  of  the  Periyar  down  the  valley  of  the  tributary 
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called  the  Sooroolly,  by  which  it  reaches  the  Vaigai;  and  fiiiallv. :  . 
construction  of  the  works  necessary  for  the  regulation  and  di-^r,- , 
tion  of  this  supply  for  the  command  of  107,650  acres  of  land  in  :i.^ 
Vaigai  Valley,  of  which  7fi,445  acres  were  irrigated  in  If'i'S-.i'  A- 
the  waters  of  the  Periyar  flow  westward  into  the  Arabian  >*a,  ;h' 
are  thus  divertedacroBSthepeninsular  divide,  the  Ghauts,  to  ibr>^-' 
em  coast  of  India,  where  they  enter  the  Bay  of  Bengal 

The  area  of  country  which  is  irrigated  by  this  project  was  d«--:r  - 

by  Major  Ryves,  R.  E.,  in  his  early  report  on  the  project  in  l^T.  *• 

being  about  1,20()  square  milej*  in  extent,  with  a  poputatiou  ot  c-a: ; 

half  a  million.     Up  to  the  present  time  irrigation  has  been  piw   -: 

from  native  tanks,  most  of  which,  however,  have  b«M.-otne  Tm>u 

low,  and  from  which  ;l- 

waste  of  water  by  t-ta:- 

oration  is  at  least  3"  [■: 

cent.     In  very  go«5  r-j-^ 

the  water  supply  froni  v-- 

Vaigai  itself  iasnifit-: 

to   irrigate  20,001'  nr^ 

Agricnltural    openi.^  -• 

in  this  r^on  aw  rv : 

rewarded  by  a  good  i-rvi 

although  thehiDd  v>i>-> 

water   can    be  pro^i: 

is     of    the    moitt    fer.i 

character.      Darin?  it- 

famine  of  1876  as  m^  l 

as       »COO,000      w*s    -v 

'  pended  in  relief  in  :'i- 

district. 

The    idea  of  niilir:^ 
pi<..B.-o™<.B«ii™P8riy«rd.n..  ^^^  Water  of  the  P-rnv,- 

for  the  irrigation  ipf  ■; 
Vaigai  is  an  old  one.  It  was  first  reported  in  1808  by  Sir  Jame:'  Ij: ' 
well,  who  condemned  the  project  as  decidedly  chimerical  and  umur:: 
of  further  regard.  The  subject  was  occasionally  diiwjnssed  fmm :.:  ■ 
to  time,  but  it  was  not  until  1867  that  it  was  practically  broaght  ;  " 
ward  by  Major  Ryves.  Major  Ryves's  proposals  included  an  cJ'  - 
dam  162  feet  high,  with  an  escape  crest  142  feet  above  the  river  \- 
and  the  water  was  to  be  diverted  into  the  Vaigai  Valley  by  a  cu:' !  - 
having  a  maximum  depth  through  the  watershed  of  52  feet.  0:l- 
examinations  were  made,  and  finally  a  project  was  submitted  hy  )'.■ 
Smith  in  1872,  which  included  a  dam  171  feet  in  height,  to  l»r-- 
structed  by  the  silting  process  and  having  an  escape  of  4i)0  ftr;  -'- 
length  blasted  out  of  the  saddle  at  the  right  bank. 
The  final  project,  and  that  which  has  been  adopted,  was  the  i-: 
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of  further  examinations  made  by  Mr.  Smith  and  Major  PenDy- 
,  thougli  to  the  latter  are  due  most  of  the  later  details,  and  under 
'  being  conducted  the  construction  of  the  works.  It  was  in  this 
tliat  Major  Pennycuick  submitted  the  first  proposals  for  the 
tiition  of  a  masonry  dam  for  one  of  earth.  These  final  proposals 
submitted  in  188i,  and  included  the  construction  of  a  dam  (fig. 
><-)lte<l  at  the  same  point  as  that  chosen  by  Mr.  Smith,  7  miles 
Mjijor  RjTes's  site,  the  height  to  be  155feet  above  the  bed  of  the 
and  tlie  summit  surmounted  by  a  parapet  5  feet  high  and  i 
The  dam  proper  is  13  feet  thick  at  the  top  and  114}  feet  at  the 
t  part.  It  is  constructed  throughout  of  concrete  composed  of  25 
of  liydraulic  lime,  30  of  sand,  and  100  of  broken  stone.  The 
face  is  covered  with  a  plaster  composed  of  equal  parts  of  lime 


Fid.  SB.— Perirar  bead-worha.  plan  of  dam  and  «Bcap«. 

I  sand.  A  temporary  dam  30  feet  in  maximum  height  was  con- 
.icted  above  the  main  dam  and  a  similar  dam  10  feet  high  below  the 
in  site,  in  order  to  enable  the  latter  to  be  completely  cleared  and 
I  foundation  trenches  blasted  out  before  the  main  dam  was  begun, 
•"or  the  formation  of  wasteways  two  saddles  are  utilized,  one  on 
■hbnnk  (fig.  53).  The  one  on  the  right  bank  has  solid  rock  at  a 
nimum  level  of  154  feet  above  the  river  bed,  and  will  be  cut  down 
■  a  length  of  420  feet  to  a  level  of  144  feet.  On  the  left  bank  the 
lid  rock  is  at  a  level  of  104  feet,  and  the  saddle  will  be  built  across 
th  similar  material  to  that  of  the  main  dam  to  the  same  level,  144 
et.  The  wall  thus  formed  has  a  lengtli  on  its  crest  of  403  feet  and 
further  length  of  !)7feet  in  excavation,  making  500 feet  in  all.  The 
;grfgiito  length  of  the  two  wasteways  is  thus  020  feet.  At  a  dis- 
ince  of  CO  feet  from  the  escape  wall  on  the  left  bank  is  built  a  aub- 
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sidiary  weir  10  feet  in  height,  with  its  crest  30  feet  below  the  up.;* 
wall,  thus  forming  a  water  cushion.  In  the  side  of  the  valleT  tn  *ii 
tary  of  the  Periyar,  just  above  the  dam,  a  cutting  was  sUuted  r  . 
height  of  113  feet  above  the  river  bed  running  down  toward  th^ira:-' 
shed,  21  feet  wide  at  bottom,  with  a  fall  of  1  in  440.  The  depth  A  : 
cutting  in  rock  is  50  feet  at  a  distance  of  5,400  feet  from  the  ^urr^ 
point,  where  it  is  replaced  by  a  tunnel  with  an  area  of  8<.»  sqxun-  f- 
and  a  fall  of  1  in  75.  At  its  lower  end  the  tunnel  will  commDi:  ^ - 
with  the  bed  of  a  smaU  stream  by  a  cutting  similar  to  that  ai  th^^  ^ c: 
end,  160  feet  in  length,  the  total  length  of  the  tunnel  beiiig6jiVji.^ 

The  rock  in  the  river  bed  and  on  the  watershed  ridge  is  a  hard  i\K . 
free  from  fissures  and  suitable  both  for  a  foundation  for  the  dam  :r 
for  material  for  its  construction.     Most  modem  dams  of  any  mar 
tude  have  been  built  of  uncoursed  rubble  masonry.    3Ia jorPeimy<  i 
argues  that  '^ concrete  is  nothing  more  than  uncoursed  rabblema^  i- 
reduced  to  its  simplest  form."    As  regards  resistance  to  crnshio^' : 
percolation  the  value  of  the  two -materials  is  identical;  he  fur* 
says,  **  unless  it  be  considered  as  a  point  in  favor  of  concrete  iL' 
must  be  solid,  while  rubble  may,  if  the  supervision  be  defective,  n 
tain  void  spaces  not  filled  with  mortar.    The  selection  depends  emii> 
upon  their  relative  cost,  the  quantities  of  materials  in  both  being  p'^ 
tically  identical."    At  the  site  of  the  Periyar  works  skilled  hU' 
abnormally  expensive  and  difficult  to  procure,  while  the  facilitin 
the  use  of  labor-saving  machinery  which  can  be  largely  used  k  - 
manufacture  of  concrete  are  unusually  great.     Accordingly,  aft*^r :~ 
discussion,  it  was  decided  to  adopt  concrete  as  the  material  for  i- 
construction  of  the  dam.     Excellent  sand  is  procurable  fTom  tbr^  > 
of  the  river  in  numerous  places  above  the  dam. 

The  section  of  the  escape  dam  (fig.  52)  on  the  left  bank  is  de^ij:•^  * 
so  that  the  lines  of  pressure  shall  be  within  the  middle  third  vhri. 
depth  of  12  feet  of  water  is  passing  over  its  crest,  and  so  that  the%a-*^ 
shall  have  a  clear  fall  to  the  surface  of  the  water  cushion  below.  A* 
before  stated,  at  a  distance  of  60  feet  from  the  upper  escape  d^c^  > 
constructed  another  dam  10  feet  in  height,  with  its  cr^t  30  feet  k' ' 
that  of  the  former.     The  depth  of  water  passing  over  this  dam  wih  ^^ 
about  one  and  one-half  that  passing  over  the  upper  one,  so  tha'  "' 
fall  from  surface  to  surface  will  vary  from  24  to  30  feet,  and  the  dr[* 
of  water  cushion  fi-om  10  to  28  feet.     The  length  of  the  right  K  ^^ 
wasteway  is  fixed  by  the  quantity  of  stone  required  for  the  dam.  TV* 
quantity  is  3,600,000  cubic  feet,  of  which  1,400,000  are  brought  f :  ^ 
the  watershed  cuttings,  the  cost  of  conveyance  being  less  than  tha' 
quarrying  at  the  dam  site.     The  balance  after  the  material  has  l^'-' 
supplied  from  other  convenient  sources  is  1,600,000  cubic  feet,  to  • 
obtained  from  the  right  bank  waste  way.     It  is  contemplated  tb* 
great  flood  will  raise  thQ  water  to  a  level  of  153.1  feet,  while  it  »**- 
take  several  times  this  dischai^e  to  raise  it  to  155  feet.     The  mailing- 
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»d  recorded  occurred  in  1869,  and  amounted  to  65,500  second-feet; 

iig  131,200  acre-feet  in  twenty-four  hours,  and  7,100  acre-feet  in 

hour. 

Vom  tlie  mouth  of  the  watershed  tunnel  the  water  of  the  Periyar 

ses  by  minor  tributaries  into  the  Sooroolly  River  (PI.  XXII),  and  is 

trolled  by  numerous  regulating  works  along  the  course  of  the  vari- 

tributaries  of  the  Vaigai.  These  works  consist  chiefly  of  sluices 
iimplo  form,  their  object  being  to  pass  the  Periyar  water  around  the 
'erent  iweirs  which  have  been  constructed  by  the  natives  or  Govern- 
II t  in  past  times  for  the  utilization  of  the  water  of  the  local  drain- 
^  basin.  None  of  these  old  works  are  provided  with  head-sluices. 
cordingly,  the  regulating  sluiceways  which  are  planned  in  connec- 
n  Avith  the  Periyar  project  are  designed  to  discharge  the  maximum 
iOunt  of  water  which  that  project  will  furnish  when  the  surface 
el  of  the  stream  above  each  weir  is  flush  with  the  bed  of  the  exist- 
r  channel. 

In  1898  a  Stoney  patent  free-roller  gate  was  erected  at  the  tunnel 
ad  to  replace  the  equilibrium  shutters  which  were  found  unworkable, 
works  in  a  cast-iron  frame  built  in  a  masonry  sluice  chamber  15^ 

15  feet  in  plan,  the  sill  being  49|  feet  below  the  top  of  the  platform 
d  37  feet  3  inches  below  the  full  lake  level.  The  gate  is  12  feet 
inches  high  and  9  feet  6  inches  wide  and  is  supported  on  20 
lirs  of  cast-iron  rollers.  It  is  of  f-inch  steel  plate,  suitably  braced, 
worked  by  a  screw-lifting  gear  and  winch  and  is  balanced  by  a 
•unter-weight  to  two-thirds  its  weight. 

From  the  mouth  of  the  tunnel  to  the  junction  of  the  Sooroolly  with 
le  Vaigai  is  about  46  miles,  and  for  a  further  distance  of  40  miles  the 
ater  is  conveyed  by  the  latter  river,  no  works  being  required  in  con- 
Bction  with  it  until  it  reaches  the  Peranny,  at  which  point  the  dis- 
'ibutive  works  begin.  The  Peranny  weir  is  a  substantial  structure 
Iready  existing  and  requiring  but  little  improvement,  the  only  altera- 
ons  made  being  the  closing  of  the  undersluices,  the  leveling  of  the 
rest  o  feet  above  the  floor  of  the  latter,  and  some  slight  additions  to 
be  wing  walls,  apron,  etc.  Two  main  distributive  canals  have  been 
lanned,  passing  close  under  the  foothills  surrounding  the  plains  about 
ladura.  These  and  their  branches  all  terminate  in  natural  drainage 
hannels.  The  quantity  of  water  designed  to  be  carried  by  the  south- 
ern main  canal  is  1,500  second-feet  at  its  head,  where  the  depth  is  6 
eel,  and  it  is  designed  to  irrigate  75,000  acres  of  land.  The  existing 
)r  northern  main  canal  is  to  have  a  head-sluice  of  20  vents,  all  of  5^ 
'eet  span.  The  steepness  of  the  Vaigai  Valley  necessitates  the  con- 
struction of  numerous  drops  or  falls  in  both  the  main  and  branch  chan- 
aels.  For  the  passage  of  cross  drainage  there  are  in  all  26  inlets  and 
32  level  escape  outlets  on  the  main  canal,  besides  2  aqueducts  and  6 
culverts,  3  inverted  siphons,  and  other  works.  The  head  and  regulat- 
ing works  for  the  main  canal  and  a  secondary  channel  called  the 
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Vedacunay  channel,  are  only  1,400  feet  apart.  It  is  necessary,  It 
ever,  that  both  works  be  buDt,  for  the  ground  between  the  two  !<  - 
favorable  for  an  open  channel.  There  36  miles  of  main  canals  4- 
164  miles  of  distributaries. 

The  wat«r  supply  is  derived  from  the  Periyar,  the  drainage  arv , 
which  is  300  square  miles,  and  is  undoubtedly  sufficient  The  ►- 
mated  rainfall  in  the  Periyar  Valley  varies  between  65  irnddL^J  it  i- 
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Fig.  54.— Tanaa  dam,  Bombay. 

per  annum  and  averages  125  inches,  while  the  depth  of  run-t^ff  f: 
the  catchment  basin  is  49  inches.  The  estimated  discharge  ol 
river  available  for  storage  is  760,000  acre-feet,  while  the  loss  by  »'^ 
oration  in  Periyar  Lake  and  in  the  beds  of  the  Sooroolly  aivl  V  i  - 
rivers  is  70,000  acre- feet,  leaving  a  balance  available  for  irrigar." 
680,000  acre-feet.  The  amount  of  water  required  for  the  irrig^^  - 
the  lands  in  the  Vaigai  Valley  is  600, 000  acre-feet.     It  is  estimate!  i 
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over  7,500  acre-feet  will  be  required  to  fill  the  beds  of  the  rivers 
ra  which,  the  waters  of  the  Periyar  will  be  passed. 
SThile  the  maximum  storage  capacity  of  the  Periyar  reservoir  is  esti- 
Led  at  300,000  acre-feet,  the  total  available  storage  capacity  above 

sills  of  the  discharge  sluices  is  but  150,000  acre-feet.  It  was  esti- 
ted  that  tlie  total  cost  of  this  work,  including  the  latest  additions 
.he  project  and  interest  charges,  would  amount  to  $2,81)4,000,  and 
a  sum  has  been  expended.  The  works  were  completed  within  six 
^rs  from  the  time  when  they  were  commenced,  and  the  irrigation 
3  expected  to  be  fully  developed  within  ten  years  after  their  com- 
tioii.  The  gross  revenues  are  estimated  to  be  $350,000  and  the 
rkiiig  expenses  and  collection  charges  $62,000.  In  1898-99  the 
»ss  revenue  was  $157,000,  the  working  expenses  $49,000,  and  the 
5  revenue  $108,000. 

TANSA  RESERVOIR. 

This  reservoir  is  designed  not  for  irrigation,  but  for  supplying  water 
the  city  of  Bombay  for  domestic  uses.  It  is,  however,  constructed 
on  the  general  principles  involved  in  water  storage  for  purposes  of 
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Fio.  55.— Tansa  project,  longltndinal  section  of  dam. 

pigation,  and  the  dam  which  forms  it  is  of  such  great  size  and  excel- 
nt  workmanship  and  design  that  a  description  of  it  here  will  at  least 
J  instmctive.  The  project  for  the  construction  of  the  great  reservoir 
1  the  Tansa  River  for  the  storage  of  water  for  the  supply  of  the  city 
"  Bombay  was  first  brought  prominently  forward  by  Maj.  Hector 
uUock  about  1870.  The  plans  of  the  reservoir  and  dam  as  at  present 
instructed  were  worked  out  and  the  construction  undertaken  by  Mr. 
r.  Gierke,  chief  engineer  of  the  water  supply  of  Bombay. 
The  Tansa  River  heads  near  the  summit  of  the  Western  Ghauts, 
here  the  rainfall  is  great,  ranging  from  150  to  200  inches  per  annum, 
'he  area  of  the  catchment  basin  above  the  dam  site  is  but  52^  square 
ailes,  but  the  slopes  are  so  steep  and  the  precipitation  so  great  in 
mount  that  the  discharge  is  estimated  to  be  about  8,000,000  cubic 
eet  per  day.  The  area  of  the  reservoir  is  5.5  square  miles,  at  full 
ripply  level  405  feet  elevation,  and  the  maximum  available  depth  of 
vater  above  the  sills  of  the  discharge  sluices  is  20  feet.  Its  net  avail- 
ible  capacity  is  59,000  acre-feet,  less  18,000  acre-feet,  which  is  equiva- 
lent to  a  loss  of  6  feet  in  depth  by  evax>oration  and  absorption, 
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leaving  41,000  acre-feet.  The  gross  storage  capacity  of  this  ws^^r:.  - 
is  far  greater  than  the  figures  given  above,  and  mneh  aiotp  w.iv 
could  be  utilized  if  it  were  needed  for  purposes  of  irrigatioDbyukii. 
off  the  dischai^e  sluices  at  a  lower  elevation. 

The  dam  (figs.  54  and  55)  is  constructed  of  the  best  ancoaT^l^ 
ble  masonry,  laid  in  hydraulic  mortar,  which  is  made  nearib^ .. 
site.     The  total  length  of  its  crest  is  now  8,800  feet,  but  mavu.. 
he  9,350  feet,  of  which  1,650  feet  are  utilized  as  a  wastewai  _- 
south  end  of  the  dam.     It  is  constructed  in  two  tangents  in  sq 
manner  as  to  get  the  shortest  line  on  a  bed-rock  foundation.  11-^ 
tangents  meet  near  the  center  of  t<he  dam  in  a  sharp  rocky  k^>^. 
whicb  projects  a  Httle  above  its  crest.     The  top  of  the  wastew8y> 
feet  below  the  maximum  flood  height  of  the  dam,  and  tiie  yoIqib' 
flood  which  will  have  to  be  wasted  is  estimated  to  he  25,CM.'  ftH\«L 
feet. 

The  total  cost  of  this  work  was  about  as  follows: 

Cost  of  Tanaa  reservoir. 

Compensation  for  land,  etc _ ^  ** 

Excavatioiis  for  fonndations,  4,000,000  cubic  feet,  at  30  cents  per  cobii' 

yard _. _ _ ^ 

Bubble  for  masonry  for  the  dam,  10,000,000  cubic  feet,  at  |^  per  cnte: 

yard _ 


'^, 


I  ■  t 


Total..- _ '^^ 

MASONRY  DAMS. 

It  may  be  generally  said  that  all  of  the  masonry^  dams  consin-^ 
by  Indian  engineers  in  recent  times  have  been  designed  aceoril 
the  most  approved  modern  formulas  and  the  material  of  vhich :. 
have  been  constructed  has  been  almost  umformly  uneoarsed  ru 
masonry.     The  Tansa  dam  (PL  XXV)  is  the  most  logical  instec  - 
the  use  of  uncoursed  rubble  masonry  throug^hont  without  any  euG? 
work  either  m  the  facing  or  coping,  thus  ^ving  an  almost 
geneous  wall.     Mr.  W.  Gierke,  chief  engineer  of  this  work,  b   - 
that  the  strains  due  to  shrinkage  and  settlement  in  a  dam  tlio>-^ 
structed  are  uniform  throughout  its  mass  and  have  little  ornof> 
to  rupture  it.     Whereas  in  other  dams,  such  as  those  at  ^X^t^  - 
Bhatgur,  where  a  deep  layer  of  coursed  stones  has  been  laid  ou'- 
of  the  central  core  of  uncoursed  rubble  or  concretiC,  the  homogeii^ 
of  the  whole  may  be  destroyed,  owing  to  unequal  shrinkage  or  sett  :. 
thus  diminishing  the  effective  cross  section  of  the  dam  by  theaffi'  • 
of  the  coursed  facing. 

The  Periyar  dam  is  the  most  logical  example  of  a  dam  eonstn- ' 
throughout  of  concrete  without  any  facing   or  other  materbi. 
destroy  the  homogeneous  character  of  the  material  of  which :'  ' 
constructed.     The  great  dam  at  Bhatgur  is  an  example  of  a  e. 
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d  structure;  all  of  the  upper  portion  of  this  dam  above  the  lines 
•e  tlie  limit  of  pressure  exceeds  60  pounds  per  square  inch  is 
tructe<i  of  concrete  faced  with  coursed  rubble  masonry.  Below 
x>iiit  wbere  the  limit  of  pressure  of  60  pounds  j^r  square  inch  is 
hed,  the  material  used  throughout  is  uncoursed  rubble  masonry, 
[1,  lio-wever,  as  is  the  upi)er  portion,  with  coursed  stones.  In 
ilin^  up  this  structure  the  coursed  facing  and  the  interior  heart- 
:>f  concrete  were  run  up  simultaneously  in  layers,  and  the  various 
knesses  of  concrete  were  bound  together  by  the  insertion  in  them 
Teat  irregular  stone  blocks  which  projected  above  each  layer  of 
!rete  as  laid.  The  upper  10  feet  of  this  structure  above  the  high- 
er line  is  composed  entirely  of  a  filling  of  spoil  from  the  founda- 
s  and  this  is  inclosed  between  the  coursed  facing. 
he  same  general  mode  of  construction,  a  combination  of  concrete 
rubble,  was  used  tn  the  great  diversion  weir  at  Vir.  The  great 
r  dam  at  Betwa  is  constructed  of  ancoursed  rubble  masonry  coursed 
;x)th  faces;  in  addition  to  this  the  coping  is  of  the  best  ashlar. 
5  coursed  facing  is  laid  with  headers  not  less  than  2  feet  long  and 
etchers,  two  of  which  equal  in  height  that  of  the  headers.  The 
Lerial  used  in  the  rubblework  is  a  kind  of  igneous  granite,  very 
d  and  excellent  for  the  purpose.  The  ashlar  work,  however,  con- 
is  of  hard  sandstone.  In  a  few  cases  brick  has  been  used  for  the 
istruction  of  low  weirs.  A  notable  instance  of  this  is  the  great 
ersion  w^eir  at  Narora,  at  the  head  of  the  Lower  Ganges  canal,  which 
constructed  almost  throughout  of  brick.  This  material  has  proved 
irely  satisfactory,  as  the  Narora  weir  is  not  very  high  and  has  to 
hstand  but  moderate  pressures.  The  material  used  in  the  con- 
uction  of  the  Tansa  and  Bhatgur  reservoirs  is  a  heavy  trap  or 
?enstone. 

Hie  cement  used  almost  universally  in  the  construction  of  works  in 
iia  is  of  local  manufacture,  being  made  from  dirty  nodules  of  lime- 
me  which  are  found  in  the  clay  soil  distributed  very  generally 
roughout  the  country.  These  limestone  nodules  are  called  kunkar, 
d  when  burned  in  a  kiln  produce  an  excellent  hydraulic  lime  nearly 
ualing  the  best  cement  in  hydraulic  properties  and  resistance  to  i)re8- 
re.  Ordinarily  these  limestone  nodules  are  comparatively  small, 
le  best  hydraulic  cement  made  from  these  is  that  produced  near  Vir, 
the  head  of  the  Nira  canal.  The  nodules  used  for  this  are  scarcely 
er  bigger  than  a  man's  fist.  In  other  places  they  are  much  larger, 
itably^  in  the  Ganges  Valley,  where  the  material  used  in  the  construe- 
on  of  the  Lower  Ganges  head-works  was  found  in  lumps  and  blocks 
eighing  some  hundred  of  pounds  each.  For  the  manufacture  of 
ydraulic  cement  the  limestone  nodules  are  burned  in  a  common  kiln 
Ath  coke,  charcoal,  and  cinders  to  hydraulic  consistency.  This 
ydraulic  lime  is  then  slaked  and  crushed,  usually  by  means  of  the 
churns,"  big  stone  wheels  drawn  by  oxen,  though  occasionally  in 
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modem  mortar  mixers,  and  is  then  mixed  with  the  proper  pro[^in 
of  sand,  either  in  the  native  mortar  machine  or  more  asnallj'  t^w 
an  iron  mortar  mixer. 

The  stones  used  in  the  construction  of  uncoursed  rubble  ma>ia' 
are  rarely  larj^cer  than  can  be  carried  conveniently  by  two  m*-:  .- 
almost  all  labor  is  manual,  and  rarely  is  carrying  maehiQerr  iri 
The  method  of  quarrying  the  stone  and  of  transporting  it  by  m»-4  > 
tramways  is  similar  to  that  employed  in  America  and  Europe.  Ti 
following  are  a  few  extracts  from  notes  made  by  Mr.  A.  HilL  *Qr»r 
tending  engineer  on  the  Bhatgur  dam,  on  the  masonry  constrj:  . 
of  that  work : 

In  the  facing  the  masonry  is  laid  in  cotirses,  each  of  which  does  Bot  ri  ^ 
inches  in  depth,  as  large  stones  are  too  troublesome  to  handle.    The  ?i u*' 
wetted  and  the  mortar  and  stones  are  well  rammed.    The  stones  for  tbe  n 
are  as  large  as  can  be  conveniently  handled  by  two  men,  while  the  smaUr:?:  .- 
are  broken  up  for  metal  to  be  used  in  making  concrete.    In  nnconrsed  n:l  %- 
stones  touch  along  their  whole  sides ^  not  at  points  or  edges  merely,  as  i:.^ 
chips  are  used  to  fill  in  spaces  between  the  larger  stones.    All  awtwaui  pr'  'y^  '■■ 
are  knocked  off  and  the  stones  are  well  rammed  into  the  bed  of  mortar  ii^i 
they  are  laid,  and  which  must  be  at  least  1  inch  in  thickness.    TheftTer^T- .. 
of  these  stones  is  perhaps  100  pounds. 

The  concrete  is  made  of  broken  metal  and  river  gravel,  the  former  '^ri^  h .-" 
the  latter  one-eighth  to  3  inches;  the  projiortions  used  are,  metal,  16  part-,  zr. 
16,  mortar  12.    The  concrete  is  laid  in  two  layers,  each  4i  inches  in  th:  t-- 
and  rammed  for  twenty  minutes  and  one  hour,  respectively,  and  is  kept  ^'i  "-^ 
wetted  for  at  least  two  weeks,  that  it  may  set  properly.    The  ooncret<->r 
both  by  hand  and  machine,  the  hand  mixing  being  done  on  a  floor  vith.^^ 
the  machine  mixing  in  iron  barrels  or  mixers.    The  stone  and  gnrel  n^^^" 
before  being  mixed.    Briquets  of  concrete  used  on  this  work,  15  by  1"  ■ ' 
inches  in  dimensions,  after  six  months*  setting  ruptured  under  a  croshiLg  »'  -- 
of  from  400  to  800  pounds  per  square  inch. 

In  making  mortar  only  sharp,  clear,  river  sand  is  used.    The  lime,  aftJ=r  *•  - 
burned  to  hydraulic  consistency,  is  slaked  for  five  hours,  stirred  and  g^l•^l:^. 
three  hours  more,  and  then  clean  wet  sand  is  added  in  the  propoitioo  of  I  »•' 
stirred  again  for  two  more  hours.    For  testing,  this  is  made  into  S-iah'  •:  • 
briquets,  which  are  kept  damp  and  are  allowed  to  set  for  forty-eight  h«xirv  r 
which  they  are  placed  in  water  until  tested. 

The  folowing  are  average  tests  of  mortar  made  in  this  way  at !  ■ 

gur: 

Average  te^ts  of  mortar  at  Bhatgtir, 

Pr- 

Age  12  months,  crushing  weight  per  square  inch 

Age  9  months,  crushing  weight  i)er  square  inch. 

Age  6  montlis,  crushing  weight  per  square  inch * . ._ 

Age  8  months,  crushing  weight  per  square  inch 

Age  1  to  3  months,  crushing  weight  per  square  inch  

Some  briquettes  stood  as  high  a  crushing  weight  as  IjUX'F'^^ 
per  square  inch  when  one  year  old.     The  hydraulic  mortar  use<i  a 
gives  even  better  results.     Several  briquettes  of  mortar  majit^  ■ 
and  mixed  in  proportion  of  1  to  1  and  from  eight  months  to  ont)-^ 
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equired  a  crushing  weight  of  1,500  pounds  per  square  inch  to 
ire  them.  Vir  mortar  mixed  with  2  of  sand  to  1  of  hydraulic 
breaks  at  800  pounds  pressure  per  square  inch.  The  mortar  used 
e  construction  of  the  Tansa  dam  showed  an  average  crushing 
^Ib  of  800  pounds  per  square  inch,  though  numerous  specimens 
I  a  test  of  from  1,500  to  1,800  pounds  per  square  inch. 

the  head  of  the  Ganges  canal  in  the  Northwest  Provinces,  the 
rete  l>locks  used  for  groins  in  retaining  works  and  for  dams  are 
peculiar  composition,  as  hydraulic  lime  is  scarce.  They  are  com- 
i  of  1  part  quicklime  to  3  parts  of  broken  stone  (about  1-inch 
)  and  2  parts  of  brick  dust.  These  blocks  are  not  very  strong 
tiydraulic.  At  this  place  the  blocks  which  are  used  under  the 
r  and  subjected  to  the  greatest  pressure  are  composed  of  hydraulic 
,  2  parts;  sand,  1  part.;  broken  stone,  3  parts.  The  Periyar  dam, 
!h,  as  before  stated,  is  constructed  throughout  of  concrete,  is 
^ned  to  withstand  a  limit  of  pressure  of  9  tons  per  square  foot, 
quantities  of  material  have  been  estimated  on  the  supposition 

every  cubic  foot  of  concrete  will  require  60  cubic  feet  of  solid 
e,  plus  10  per  cent  for  wastage,  to  25  cubic  feet  of  unslaked 
ranlic  lime. 

DESIGN  OF  DAMS  AND  WEIRS. 

s  stated  in  speaking  of  reservoirs  and  storage  works,  the  Indian 
ineer  designs  the  cross  section  of  the  dam  on  some  theoretic  pro- 
which  will  he  most  stable  and  economical.  All  of  these  are  sim- 
to  the  profile  which  has  recently  been  discussed  and  described  by 
Edward  Wegmann  in  his  treatise  on  the  ''Design  and  construction 
masonry  dams."  Modified  formulas,  based  on  Rankine,  Delocre, 
mtz,  or  Bouvier,  are  generally  used.  Little  value  has  been  given 
methods  sometimes  adopted  of  constructing  the  dam  on  a  plan 
ved  horizontally.  None  of  the  high  dams  seen  in  India  were  suflBl- 
ntly  short  to  have  been  curved  in  this  manner.  A  formula  for  the 
dgn  of  cross  sections  which  is  generally  employed  by  Indian  engi- 
?r8  is  that  which  was  worked  out  by  Mr.  Guilford  L.  Molesworth  in 
53,  and  is  as  follows: « 

y-Va+P3^'  ^"V  ^  J 

A.  vertical  line  being  drawn  from  the  top  front  edge  of  the  dam  to 
3  base,  Y  is  the  width  from  this  line  to  the  I'ear  face  and  Z  the  cor- 
sponding  width  from  the  line  to  the  front  face  at  any  distance  from 
e  surface  of  the  water  or  from  the  top  of  the  dam.  Y  is  further 
ual  to  O.Cx  as  a  minimum;  X  is  the  limit  of  pressure  of  the  masonry 

tons  per  square  foot;  H=top  height  of  dam;  a=Y  at  -  from  the 
p;  B=top  width =^. 

oRoorkee  Profeasioxial  PaperSf  Roorkee,  India,  1883. 
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The  accompanying  diagram  (fig.  56)  shows  how  this  fwaij  • 
applied.  It  is  intended  to  seenre  the  requisitestabititj-Mtfef--. 
face  when  the  reservoir  is  empty  and  at  the  rear  face  when  it  l-:-._ 
This  formula  of  Mr,  Molesworth's,  which  has  created  conaderat;-  :> 
CQSsion  among  Indian  engineers,  is  considered  an  excellent eny'i: - 
formula  for  general  use.    MajorPennycuIck,  who  designed  IbePffiji: 


Fia.  50— Profile  of  nuaonry  dun.  Holesworth's  ronnol*- 

dain,  sDggested  a  somewhat  different  formula,"  and  General  yit--'- 
in  his  Manual,*  proposes  a  modification  of  Moleswortb's  fonL^ 
whieli  may  be  generally  stated  as  follows: 


-"^Vri?^-"'' 


.05  (Jr-i2) 


with  ^  =  12,  or  for  smnller  top  widths- 


'V  A+.(I5  (i-l 


12) 

and  adjusting  the  part  above  i=12  to  the  top  width  seloct<d. 

For  weirs  with  water  cushions  the  depth  of  the  latter  is  wmf' ' 
detormiue<l  from  the  formula  D=c^//t'i/d  in  which  D  reprw^ni- 
depth  of  the  cushion  below  the  top  of  the  retaining  wall;  tisa' ■ 
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it,  the  value  of  which  is  dependent  upon  the  description  of  the 
«rial  used  for  the  floor  of  the  cushion,  and  varies  between  0.75  for 
I  pact  stone  and  1.25  for  moderately  hard  brick;  h  is  the  height  of 
fall,  and  d  is  the  maximum  depth  of  the  water  to  pass  over  the 
p  crest.  The  width  of  the  floor  of  the  cushion  will  depend^ome- 
it  on  the  section  of  the  jweir,  which  need  not  exceed  SVd,  and 
uld  not  be  less  than  6  Vd.  For  works  with  a  vertical  drop  and  a 
izontal  apron  on  the  same  level  as  the  retaining  wall,  this  masonry 
on  should  be  formed  of  fairly  regular  blocks  of  stone  or  of  Port- 
d  cement  concrete,  the  width  varying  as  just  given,  and  the 
^kness  or  depth  of  stone  from  one-fifth  to  one-fourth  of  h+d. 
t  is  dif&cnlt  to  find  any  set  rule  for  determining  the  depth  of  the 
:er  cushion  by  the  height  of  the  fall  and  the  volume  of  water.  At 
Galrsoppa  Falls,  in  the  Western  Ghauts,  the  Rajah  Fall  has  a 
ir  drop  of  825  feet  in  height,  and  the  pool  into  which  it  falls  is  138 
t  deep  at  low- water  stage.  The  greatest  depth  of  the  hole  formed 
the  waterfall  in  the  new  outlet  of  the  Mudduk  Masur  tank  is  24 
t.  In  ordinary  states  of  the  river  the  general  depth  of  the  water 
ihion  is  to  the  height  of  the  fall  as  to  3  to  4  where  the  greatest 
ion  takes  place  and  1  to  2  in  other  places.  An  experimental  fall 
the  Bar!  Doab  canal  had  a  height  of  6.9  feet  and  depth  of  well  of 
eet,  and  3.6  feet  on  crest,  which  gives  the  depth  of  the  well  to  the 
ight  of  the  fall  as  3  to  4.  The  water  had  no  injurious  effect  on  the 
ttom  of  the  well.  The  subject  of  water  cushions  is  one  which  is 
t  very  well  understood,  though  these  are  very  extensively  used  in 
iia.  They  appear  to  be  a  most  effective  and  interesting  addition 
nearly  every  weir  where  they  are  placed,  greatly  increasing  its 
ibility  and  firmness. 

COST  OP  LABOR  AND  MATERIAL. 

It  has  generally  been  held  that  owing  to  the  great  relative  cheap- 
>8s  of  labor  in  India,  compared  with  that  employed  in  the  United 
ates,  few  lessons,  especially  of  a  financial  character,  could  be  drawn 
om  a  consideration  of  the  results  of  Indian  irrigation  works.  The 
ports  on  the  returns  derived  from  Indian  works,  the  percentage  of 
'ofit  gained  or  loss  incurred,  are  not  of  the  most  encouraging  char- 
tter.     A  thorough  examination  of  this  matter,  both  in  the  field  and 

the  reports,  has,  however,  allayed  any  doubts  which  I  had  on  this 
ibject,  and  leads  me  to  believe  that  yet  better  results  may  be 
)tained  in  the  United  States,  even  in  comparatively  uninhabited 
Jgions. 

As  was  shown  in  the  earlier  part  of  this  report,  the  returns  derived 
i  India  from  works  constructed  with  borrowed  capital  on  such  works 
a  the  perennial  canals  of  the  Northwest  Provinces  show  profits 
arying  from  4  to  20  per  cent  per  annum.  It  was  also  shown,  how- 
vex,  and  this  is  the  least  promising  phase  of  the  investigation,  that 
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in  scarcely  any  case  had  storage  works  been  profitable.  The  W  i 
most  cases  on  this  class  of  works  has  been  trifling,  while  in  se^^r^ 
cases  a  profit  has  been  gained.  Moreover,  the  older  worksof  lh>  i  > 
are  rapidly  becoming  more  popnlar.  The  value  of  irrigation  b^-^  -^ 
ing  better  appreciated,  even  where  a  constant  rainfall  occius,  and « 
works  are  annually  increasing  in  value. 

It  was  soon  seen  that  any  attempt  to  ascertain  the  relatiwa  .• 
both  cost  and  return,  of  works  constructed  in  India  by  compari>i 
the  rates  of  labor  paid  in  that  country  and  in  America,  was  alt*xt  * 
futile.     Notwithstanding  the  remarkable  cheapness  of  all  class»> 
native  labor,  the  relations  of  the  laborer  to  the  government,  tht-ri.- 
acter  of  the  lalwrer,  and  the  exhausting  heat  of  the  climate,  all - 
to  make  his  day  of  labor  a  relatively  short  one,  both  in  time  iip: 
work  done.     Few  or  no  mechanical  appliances  are  yet  used  in  th»  ^  - 
struction  of  Indian  works.     It  is  claimed  by  some  that  the  f*f'^  l 
cheapness  of  the  labor  seduces  the  engineer.     This  in  most  ca*?  - 
not  true.     The  average  engineer  appreciates  the  value  of  labt^rsa^ , 
machines,  but  has  contended  so  long  with  the  carelessness  of  the  m^ 
laborer  and  his  lack  of  interest  in  learning  new  ways  that  he  has  nii- 
given  up  the  struggle  of  trying  to  teach  him  to  use  modern  a;; 
anees,  feeling  convinced  that  the  native  eooly  achieves  as  good  rr-:^ 
in  his  own  way  as  he  could  with  better  apparatus  which  he  voru]  - 
use  or  fail  entirely  to  avail  himself  of. 

The  long  time  required  in  the  excavation  of  works,  in  filling,"  ' 
ing,  and  emptying  a  little  basket  which  holds  perhaps  a  shove 
dirt,  tends  decidedly  to  make  the  native  labor  expensive,   Th 
mode  employed  of  carrying  comparatively  small  stones  for  rh*^  '^ 
struction  of  great  dams,  consisting  of  tying  ropes  around  the  s* 
attaching  them  to  poles,  ha\^ng  them  lifted  onto  men's  shonlde^  - 
the  aid  of  assistants,  then  making  a  slow,  plodding  journey  frcis ' 
stone  pile  to  the  top  of  the  dam,  all  tend  to  increase  the  expeni'i'  •  ■ 
labor  employed  (see  PL  XXIV,  B).     In  the  construction  of  sneh^  • 
in  the  United  States,  machinery  would  dig  the  canals  ingresi'j 
and  a  vigorous,  skilled  workman,  using  with  intelUgenee  labor  > 
appliances,  would  in  a  day  accomplish  many  times  the  amonntof " 
that  is  done  by  the  Indian  cooly.     In  every  individaaJ  openti' 
seen  the  slowness  of  native  methods.     If  it  be  grinding  mortar,  ' 
walk  in  a  circle  drawing  a  large  stone  wheel  attached  to  a  ^' 
beam,  which  laboriously  and  slowly  grinds  the  mortar  as  theoW  V 
can  arrastre  grinds  the  quartz.     Occasionally  a  modern  mort*r  c. 
seen  operating  beside  the  native  churns  and  doing  in  a  few  mii 
the  work  which  the  latter  take  hours  to  aceomplish.    In  the  blad< 
shop  half  a  dozen  men  are  needed  to  perform  the  work  ol  one. 
forge  is  blown  by  a  boy,  who  pumps  air  through  a  couple  of  le^ 
bags  beneath  his  arms,  taking  much  more  time  to  create  the  ^ 
degree  of  heat  than  a  modern  blacksmith's  beUows  would  require 
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lo  works  constructyed  in  India  are  invariably  of  the  most  substan- 
rnasoYiry  and  will  last  for  centuries.  Along  the  roads  and  rail- 
's the  smallest  bridges  and  culverts  are  constructed  of  stone  and 
k.  On  the  canals  the  least  important  regulator,  aqueduct,  or 
pre  is  likewise  constructed  of  the  best  masonry  for  all  time.  In 
construction  of  such  works,  iron  and  timber  would  be  extensively 
I  for  bridges  and  aqueducts,  or,  as  we  call  them,  flumes,  and  for 
y  parts  of  the  head-works  and  works  along  the  canal  lines,  thus 
tly  reducing  the  cost. 

n other  great  expense  incurred  on  Indian  works  has  been  the  effort 
iraibine  navigation  with  irrigation.  This  effort  has  been  compara- 
ly  unsuccessful  if  viewed  from  the  light  of  the  modern  require- 
ts  of  a  country  possessing  good  railways  and  wagon  roads.  As 
>re  stat-ed,  in  order  to  make  the  canals  navigable  their  expense  is 
itl^'  increased  by  the  construction  of  locks  throughout  the  whole 
!:t]i  and  of  parallel  canal  channels;  of  bridges  of  greater  headway, 
rder  to  admit  boats  to  pass  under  them;  and  of  expensive  aque- 
Is  or  similar  works,  instead  of  the  cheaper  contrivances  which 
ht  be  used  if  navigation  were  not  practiced.  Above  all,  naviga- 
L  entails  great  loss  of  water. 

I  the  neighborhood  of  Poona  labor  is  perhaps  as  cheap  as  anywhere 
Lndia.  It  is  performed  bj"  all  classes,  ages,  and  sexes,  the  more 
led  laborers,  as  masons,  carpenters,  and  blacksmiths,  usually  being 
wn  men.  Most  of  the  burdens,  as  gravel,  sand,  mortar,  and  mate- 
s  which  have  been  excavated,  are  carried  away  on  the  heads  of 
nen  and  children.  Common  labor  is  paid  about  8  cents  per  day. 
sons  and  carpenters  get  from  IG  to  20  cents  a  day,  while  a  laborer 
h  a  team  of  bullocks  gets  25  cents  a  day.  On  the  Bhatgur  dam 
ikej's  and  bullocks  were  frequently  used  as  pack  animals  for  carry- 
stones  and  earth.  A  donkey  will  carry  a  cubic  foot  of  stone  per 
)  and  earns  6  cents  a  day.  Common  laborers  were  paid  8  cents, 
men  and  children  4  cents,  and  skilled  laborers  20  cents  per  day. 
»'as  estimated  that  8  skilled  masons  could  lay  and  dress  3  cubic 
rds  of  masonry  per  day  on  this  work.  Owing  to  the  slow  mode  in 
ich  the  work  was  conducted  it  was  necessary  to  employ  a  great 
mber  of  laborers  at  one  time,  so  many  in  fact,  that  a  large  portion 
them  were  frequently  idle  through  interference  with  one  another. 
>out  2,000  men,  women,  and  children  were  engaged  on  small  portions 
the  dam  at  once  and  the  daily  rate  of  progress  was  about  5,000 
bic  feet  of  rubble  and  concrete  work  and  1,000  cubic  feet  of  course 
isonry  facing. 

At  Tansa  the  work  was  done  by  contract,  and  the  prices  paid  were 
little  higher  than  elsewhere.  Rubble  masonry  cost  ^3  per  cubic 
rd.  On  Lake  Fife  and  Bhatgur  the  same  class  of  good  uncoursed 
bble  masonry  cost  but  $2  per  cubic  yard.  On  the  Tansa  dam  over 
^^  people  were  at  work  at  one  time.     On  the  Betwa  canal  earth 
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excavation  in  deep  cuts,  not  exceeding  40  feet  in  depth,  cost  bu 
cents  per  cubic  yard;  surface  excavation  in  earth  with  short  hau. 
3  cents  per  cubic  yard;  uncoursed  rubble  masonry  cost  $2.30 per 
yard;  coursed  rubble  masonry,  $6.25  i>er  cnbie  yard,  and  dnsseli-i- 
lar  work  122.50  per  cubic  yard.     On  the  Periyar  works  the  ok  l  -y 
price  of  unskilled  labor  was  12  cents  i>er  day;  for  special  vort,  *. . 
as  feeding  machinery,  etc.,  the  coolies  were  paid  20  cents  per  •::• 
while  head  coolies,  artisans,  etc.,  were  paid  from  30  to  60  cents  per  jj' 
All  kinds  of  material  other  than  those  f onnd  in  the  countn  i>' 
are  most  expensive  in  India.     Coal  is  usually  brought  from  Eni  : 
at  a  cost  never  below  120  per  ton.     Iron,  st^eel,  and  machineTT  a-? 
relatively  very  expensive,  as  is  Portland  cement  and  wood  of  ev  - 
kind.     In  fact,  masonry  work  is  generally  cbeax>er  than  wiv«L  2^ 
iron  is  always  dearer  than  masonry.     The  great  cheapness  of  hat  ' ' 
is  owing  to  two  causes — cheapness  of  labor,  and  cheapness  ^'t ' 
hydraulic  lime  which  is  manufactured  in  the  country  ahnoet  \vrr- 
ably  near  the  site  of  the  work  which  is  being  cons^tracted.   On  !: 
Periyar  work  drilling  cost  $10  per  hundred  running  feet  of  drill  h*  . 
and  the  labor  of  quarrying,  including  plant,  boring,  dynamite.  - 
all  other  expenses,  amounted  to  about  85  cents  per  cubic  yapi  *  • 
much  as  it  would  in  the  Western  States  of  America.    On  ifee  m  - 
work  in  tunneling,  the  heading  cost  $6.50  per  cubic  yard.  aa«l  r  • 
enlarging  the  tunnel  $2.60  per  cubic  yard  was  paid;  limeeo>t  ? 
per  cubic  yard,  sand  40  cents  per  cubic  yard,  and  concrete  cofrt ''. ' 
per  cubic  yard  laid  in  place.     Of  minor  items,  the  removal  of- 
or  cutting  cost  6^  cents  per  cubic  yard,  steel  15  cents  per  pomul  ' 
wrought  iron  8  cents  per  pound.     On  the  Sidhnai  Canal,  in  th*  ? 
jab,  concrete  cost  $1.80  per  cubic  yard,  rubble  masoniy  ^tV  ; 
cubic  yard,  and  brick  95  cents  per  hundred   laid  in  lime  il  ' 
Earth  excavation  cost  4^  cents  per  cubic  yard,  and  the  best  hyi;: 
lime  cost  $2.50  per  cubic  yard  to  manufacture. 

TANKS. 

Tanks  were  constructed  in  great  numbers  by  the  natives  of  Ir 
many  centuries   ago,  and   in  some   places,   notably  in  centra 
southern  India,  in  the  Deccan,  Madras,  and  Mysoi-e,  there  are  imui'  • 
numbers  of  them.     These  old  tanks  were  usually  rude  in  c*'!-* ' 
lion,  little  care  having  been  taken  to  economize  in  labor.  AL'i  ^^ 
consequence  the  dams  constructed  were  usually  made  mnch  ht; 
in  cross  section  than  was  necessary.     In  recent  years  the  Briti>h'  - 
neers  have  constructed  several  very  large  tanks,  though  many 
higher  dams  have  masonry  cores.     The  conditions  controUiik: 
location  of  a  tank  are  similar  to  those  before  described  for  res»^r.   • 
The  water  supply  must  be  adequate  to  fill  the  tank,  the  location  r 
be  such  that  a  suitable  dam  can  be  constructed  at  a  reasonable    " 
and  an  ample  wasteway  must  be  provided.     In  the  location  •: 
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teway  :for  a  tank,  even  more  care  must  be  exercised  than  is  neces- 
f  for  £t  reservoir;  for  if  the  water  be  permitted  to  rise  too  high  on 
dam.— or  much  worse,  if  it  is  allowed  to  discharge  over  it — it  will 
edily  cariise  its  destruction  if  it  is  built  of  earth. 
Li  is  desirable  always  to  allow  waste  water  to  flow  off  by  a  side  chan- 
,  wliicli  may  be  closed  by  a  low  rock  or  crib- work  weir,,  or  may  con- 
only  of  an  open  rock  cut.  By  such  means  there  is  no  danger  to 
dam  of  having  the  shock  of  water  falling  over  it.  It  may,  how- 
r,  l>e  necessary  to  have  a  masonry  wasteway  constructed  in  the 
n  itself,  but  this  is  not  advisable  and  is  generally  avoided.  Such 
'astei«ray  is  usually  made  by  constructing  a  portion  of  the  dam  of 
sonry,  tlie  top  of  which  is  a  few  feet  lower  than  the  rest  of  the 
11.  Wlien  the  catchment  of  the  tank  is  small  it  is  possible  to  pro- 
le for  wasting  flood  waters  through  an  outlet  or  discharge  channel 
tlie  dam  itself.  Such  a  discharge  sluice  is  necessary  in  order  to 
iw  off  tlie  water  for  irrigation,  and  must  be  of  sufficient  capacity 
empty  ttie  tank  in  the  shortest  irrigating  season.  The  level  of  the 
I  of  tills  outlet  sluice  is  generally  that  of  the  bed  of  the  tank,  but 
?re  are  occasionally  constructed  one  or  more  higher  outlets  to  irri- 
te  lands  which  lie  above  that  level.  These  sluices  are  expensive 
»rks,  and  require  a  well-constructed  masonry  or  iron  conduit  to  be 
rried  through  the  dam,  emptying  into  the  canal  at  one  end  and 
reiving  it43  water  supply  at  the  other  end  through  a  well  or  water 
wer  from  which  its  admission  can  be  controlled.  ^  It  is  usual  to  make 
e  outlet  tunnel  of  good  masonry,  and  it  must  not  be  smaller  than 
feet  high  by  2  feet  wide,  in  order  to  permit  a  man  to  go  through  it 
examine,  clean,  or  repair  it,  if  required. 

One  canse  of  the  frequent  breaching  of  Indian  tanks  is  that  great 
imber«  are  often  constructed  in  one  valley,  the  bed  of  one  begin- 
ng  ^?«^here  the  cultivation  of  that  of  the  next  above  it  ends,  so  that 
le  breaching  of  one  often  results  in  the  destruction  of  a  succession  of 
lose  below  it.  Regarding  the  depth  of  tanks,  if  they  be  shallow  a 
•eat  loss  of  the  stored  water  is  sustained  through  evaporation.  Shal- 
►w  tanks  are  never  intended  to  hold  more  than  water  enough  for  one 
•op.  In  India  aquatic  plants  which  grow  from  the  bottom  in  shallow 
inks  are  injurious,  while  those  which  spread  on  the  surface,  like  the 
)tus,  diminish  the  loss  by  evaporation.  When  water  is  not  deeper 
lian  7  or  8  feet  the  rays  of  the  sun  can  penetrate  to  the  soil,  and 
rowth  of  aquatic  plants  is  the  consequence.  In  the  smaller  tanks, 
ritended  to  cultivate  limited  areas  of  land  immediately  below  them, 
he  most  economical  height  for  the  dam  on  gently  undulating  ground 
p^here  there  is  a  natural  and  long  slope  to  the  rear  has  been  found  to 
)e  from  10  to  25  feet. 

In  the  construction  of  modem  tanks  the  same  precautions  are  usually 
^aken  and  the  same  detailed  investigations  made  as  for  a  reservoir 
project.     The  catchment  basin,  the  discharge  of  the  streams,  the  rain- 
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fall,  and  other  physical  phenomena  are  carefully  studied;  tb*  Ui  - 
to  be  irrigated  are  examined  and  their  relative  position  to  the  W." 
of  the  tank  and  catchment  basin  is  surveyed  and  mapped.  Ca:  i 
surveys  are  made  for  the  reservoir  site  to  determine  its  oapftciii.  v" 
of  the  dam  ait«  in  order  to  choose  the  best  and  most  eeonomiodluea;  . 
and  to  ascertain  the  cost  of  thu  works. 

The  interior  and  exterior  slopes  of  earth  dams  are  usually  coojirir"^ 

as  planes,  forming  together  an  angle  of  not  lei^s  than  'M",  and  ih^  i:- 

ure  should  be  so  formed  in  order  to  increase  its  Ktability,  that  ^^r-^y. 

pressure  passinetrom  theinterior  faces  at  ripht  angles  mayf»Il»nLi 

its    base.       Upoa  the  ■^■: 

latioD    that   1   cabie  (v-\  i>; 

rammed      earth     weipb>   - 

pounds  and   1  cubic  ft-t 

water  C3^  pounds  ^"^  >'-'r 

posing  that  the  eartli  ^"i.: 

stand   at  any  slope.  »-  iy- 

that   the    base  of  the  fr.'i 

resisting  the  lateral  cbns'  ' 

the  body  of  water  Aon  'j- 

require  to  be  more  thanrs- 

thirds  the  depth  of  the  e<.h-^i 

it  supports,  so  that  all  qiur 

ties  above  that  aredw "  ■  - 

natural    slopes,  the  su'i-' 

of  the  dam,  andtheprwi/  ■: 

of  percolation.   Conseqnia:,' 

when    large    works  are  ]'!'- 

jected  it  In  a  subjwt  of '. - 

calculation  which  isthe  b.  - 

economical,  those  exc]a«i'- 

of  earth  or  those  whos*"  :ii=-' 

slopes  have  retaining^all": 

masonry. " 

As  constructed  in  India,  the  width  of  the  top  of  the  dam  ile;*-:- 

not  so  much  on  the  pressure  of  water  it  has  to  sustain  as  on  ih.'  ',■'• 

vention  of  percolation.     The  usual  width  now  allowed  is  from  ?  '■ 

feet,  thus  giving  room  for  a  roadway.     The  top  of  the  dam  L-  n. . 

sufficiently  high  above  the  highest  line  of  flood  over  the  8ill"f- 

wasteway  to  prevent  its  being  topped  by  waves.      On  a  large  >p- 

of  water  a  strong  breeze  forms  waves  sometimes  3  feet  high.  »1 

on  a  long  slope  may  be  raised  to  5  feet.     The  dam   must  be  of  ;i 

height  that  water  can  not  pass  over  it,  as  the  latter  would  yniti 

scour  away  the    back   slope   until  the    thickness    was    aufiii--::. 

reducfd  to  eause  the  dam  t«  tfivc  way.     Additional  securilvain.i:- 
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I  swi  accident  is  obtained  by  raising  a  low  masonry  parapet  on 
outer  edge  of  the  slope,  paving  the  top,  and  giving  it  a  slight  dip 
ird  to  prevent  the  settlement  of  water. 

^le  number  of  disused  tanks  is  remarkable.  Many  are  not 
Lohed,  l>ut  the  discharge  sluice  is  left  open  so  that  no  water  is 
3Cted.  In  many  cases  this  is  probably  owing  to  the  bed  of  the 
c  having  been  gradually  raised  by  silting  and  thus  converted  into 
•rcKluctive  a  soil  that  it  yields  as  much  as  or  more  than  could  be 
lined  by  means  of  a  diminished  quantity  of  water  applied  to  the 
iparatively  barren  soil  below.  An  example  of  one  of  these  old 
ks  thus  abandoned,  but  capable  of  restoration,  is  the  Madag 
yUT  tank,  believed  to  have  been  constructed  about  four  centuries 
It  ^was  formed  by  an  embankment  rising  from  the  sides  of  a 
row  gorge  through  which  the  Choardy  River  passed,  and  was 
plemented  by  two  dams  in  saddles  on  a  range  of  hills,  that  on  the 
b  bank:  1,350  yards  and  that  on  the  west  760  yards  from  the  main 
a,  the  length  of  the  latter  being  1,650  feet.  The  inside  slope  of  1 
2i,  in  some  parts  1  on  3,  was  revetted  with  large  stones  up  to  a 
)ic  yard  in  bulk.  This  dam  is  from  945  to  1,100  feet  wide  at  the 
je  and  is  now  from  91  to  108  feet  high.  There  was  a  sluice  under 
>  dam  at  the  east  end  above  the  level  of  the  ground.  The  material 
which  the  dam  is  constructed  is  a  strong  red  earth  with  a  con- 
erable  mixture  of  gravel,  and  was  taken  from  the  sides  of  a  hill  in 
5  neighborhood.  The  east  supplemental  dam  has  its  base  74  feet 
ove  the  sluice  in  the  main  dam,  and  had  also  a  sluice  under  it  at 
B  ground  leveL  The  west  supplemental  dam,  the  breaching  of 
lich  destroyed  the  tank,  was  of  similar  construction  to  the  others, 
d  its  base  was  60  to  70  feet  above  the  bed  of  the  tank.  There  was 
trace  of  any  wasteweir,  and  it  is  probable  that  the  want  of  this 
IS  the  cause  of  the  ruin  of  the  tank.  From  the  heights  of  the 
.ms  and  the  levels  of  the  sluices  it  is  probable  that  the  depth  of  the 
nk  was  90  to  95  feet,  and  at  that  level  its  area  would  have  been  40 
uare  miles  and  its  contents  about  870,000  acre-feet  of  water. 
Another  variety  of  tanks,  constructed  not  on  main  drainage  lines  or 
reams  but  in  depressions  in  a  flat  country,  are  usually  closed  by  a 
Lfferent  form  of  dam.  There  were  many  of  these,  and  large  numbers 
•e  breached  or  abandoned  and  their  beds  now  cultivated.  The 
nbankments  of  these  flat-country  tanks  are  often  of  great  length, 
ot  unusually  1  or  2  miles;  that  of  the  Veeranum  tank  is  12  miles 
mg,  and  the  ruined  bank  of  the  Puniary  tank  in  the  Trichniopoly 
istrict  is  said  to  be  30  miles  long.  The  height  of  these  is  generally 
1  considerable,  being  in  many  hundreds  of  cases  only  suf&cient  to  hold 
pom  6  to  10  feet  of  water.  A  few  of  these  works,  however,  are  20  or 
0  or  even  50  feet  in  depth.  The  inner  slope  is  generally  revetted  with 
tone  and  has  an  inclination  sometimes  of  1  on  1,  oftener  of  1  on  2  or 
Qore.     The  height  of  the  bank  above  the  water  level  varies.     For 
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instance,  the  Nundyal  tank  has  a  dam  at  one  place  18  feet  hi^ :  > 
above  the  water  level,  IC  feet  wide  on  top,  with  an  inside  slope  of : 
1  and  an  outside  slope  of  1  on  2.     The  Kolevoy  tank,  ia  the  >V.  > 
district,  has  a  bank  3G  feet  high,  extending  9  feet  above  the  fit' 
level,  a  top  width  of  12  feet,  and  equal  slopes  inside  and  oul<v- 
1  on  1|. 

As  the  accumulating  alluvial  deposit  made  year  after  year  gradu 
raises  the  beds  of  tanks,  these  would  become  filled  up  were  sot  >  l- 
expedient  adopted  from  time  to  time,  such  as  adding  to  the  \mzv. 
the  dam.  This,  however,  generally  involves  an  enlargemeni  of '. 
cross  section  as  well  as  the  raising  of  the  wasteweirs  and  the  •  v 
struction  of  new  sluices  at  higher  levels  than  the  one  occnpied.  i'& 
expedient  frequently  resorted  to  successfully  is  to  have  iht  n: 
stirred  up  by  hand  at  the  beginning  of  the  rainy  season  when  i> 
flood  waters  are  permitted  to  carry  it  off  through  the  discharge  ^ic-- 
This,  however,  is  only  partially  effective,  like  the  scouring  «»'  1- 
undersluices  in  a  reservoir. 

In  central  India  there  are  many  tanks;  their  history  is  ratkrn  'i 
em  and  is  very  interesting.     In  1820  the  Mairs,  a  tribe  oceup} .: 
Marwar,  Meywar,  and  -Ajmere,  were  banditti  living  inthehilL^,-^^ 
stantly  fighting  and  making  raids  on  the  Rajputs  and  other  neid  •: 
ing  tribes.     The  Mairs  lived  chiefly  by  levying  blackmail  on  isi*-  * 
hamlets  and  on  travelers.     Col.  11.  Hill  subjugated  them,  and  b; 
establishment  of  a  government,  police,  etc. ,  caused  them  to  liv^  l  -^ 
peaceably  and  to  commence  the  pursuit  of  agriculture.    In  l^>'i  (•  • 
nel  Dixon  succeeded  to  the  charge  of  the  Mairs  and  arrived  »t  * 
conclusion  that  the  lack  of  water,  rendering  agriculture  impossil^ : 
a  country  whose  rainfall  was  below  20  inches,  was  the  cause  of  tbt: 
predatory  life.     Their  history  from  this  time  was  similar  to  thit  ' 
the  nomad  and  bandit  tribes  which  occupied  the  country  now  It 
gated  by  the  Sirhind  Canal  in  the  Punjab.     Colonel  Dixou  comnitrL  - 
by  causing  the  construction  of  terraced  irrigation  lands  by  meaiL' 
retaining  dikes,  and  of  tanks  by  means  of  earth  or  masoniy  diuas 

Having  been  furnished  with  an  abundant  water  supply  for  fertfe. 
the  crops,  the  Mairs  have,  owing  to  this  enlightened  policy  of  Col'  ' 
Dixon,  now  become  peaceful  and  industrious  cultivators.  Tbe>rj 
tanks  furnish  water  for  irrigation  below  them  and  water  tor  ^^ ' 
near  them,  and  when  the  water  is  drawn  off  their  bedsarecultha'* 
and,  being  very  fertile  and  moist  from  the  deposition  of  sedimeDip* 
duce  excellent  crops.  These  tanks  now  support  a  large  popnl^^-  • 
and  produce  considerable  revenues. 

The  following  table  exhibits  the  princii)al  dimensions  of  ^i^ 
the  Mairwara  tank  embankments  and  weirs:  *» 

o  Smith,  B.  Baird,  Italian  Irrigation,  WiUiam  Blackwood  &  Sons,  I^ondon,  VSS^  toL  I  f  ^ 
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XHmensions  of  some  of  the  Mairwara  embankments  and  weirs. 
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'he  following  table  exhibits  the  results  of  some  of  the  works  detailed 
»ve,  sliowing  the  increase  in  number  of  families,  of  wells,  and  of 
age  tanks,  etc.,  during  eleven  years  preceding  the  preparation  of 
onel  Dixon's  repo^,  1835  to  1846: 

Results  of  Mairwara  embankments. 


K'axne  of  village. 
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lee  KnTikar 
rar 


Increase  in  number  of — 
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rhe  following  table  shows  the  whole  number  of  tank  embankments 
QStructed  in  Mairwara  up  to  the  date  of  the  report: 

Tank  embankments  in  Mairwara, 


IMfltricts. 


Number  of 
embank- 
ments and 
weirs. 
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Frora  the  above  it  will  be  seen  that  between  the  years  1835  to  > 
the  increase  in  the  number  of  wells  was  from  2,230  to  6,154),  or  1 : 
The  increase  in  the  number  of  tanks  was  from  nothing  to  2.i>»5;  - .. 
estimated  population  increased  60,000  (from  40,000  to  10C>,CO)).as»l 
revenue  increased  from  $48,000  to  $105,000,  or  $57,000.    The psiinu  - 
sums  expended  under  the  sanction  of  the  government  in  all  Mairi  - 
during  the  same  period  of  years  was  $125,000,  while  the  a^: 
increase  in  land  revenue  for  the s^vme  period  amounted  toto^ ." 

Lieutenant  Home,  in  ISes,**  reported  on  six  principal  tanks  in  >U- 
wara  the  average  capacity  of  which  ranged  from  920  to  2,4(n}  aci^v-* 
The  total  outlay  on  these  to  the  end  of  the  year  1865  was$40,rMi.  7: 
net  income  to  the  end  of  the  same  year  was  $2,000,  or  a  net  gain  v.' 
ing  between  1  and  12  i)er  cent.     The  results  of  Lieutenant  H"'- 
inspections  showed  that  not  only  have  Colonel  Dixon's  worts  ^^  ' 
mously  benefited  the  country,  but  they  have  returned  the  goTerniL 
150  per  cent  on  the  expenditure  incurred.     The  whole  of  the  sixt^'ii- 
especially  mentioned  paid  nearly  10  per  cent  on  the  capital  inv^^-. 

In  Mysore  in  southern  India  there  are  37,000  tanks,  of  whi«r  > : 

Robert  Temple  says: 

Wherever  there  is  a  depression  in  the  land  an  embankment  with  a  ^r^^v^ ' 
and  a  sluice  is  thrown  across  it.  The  water  is  held  np  above  it.  and  bekjvit  ^  '-^ 
acres  are  sown  with  rice  and  sngar  cane,  and  irrigated  by  means  of  ^nkr"  - 
few  yards  lower  down  the  depression  comes  another,  and  so  on,  increasi^'t - 
as  they  go  on  until  a  series  of  tanks  may  consist  of  more  than  one  himdred  L  '-■ 
nected  together,  the  overflow  from  the  wasteweir  of  each  heing  the  chirf  iV:  * 
of  the  one  below  it  and  the  stream  that  issues  from  the  wasteweir  of  tbt"'»  * ' 
one  being  a  river  in  magnitude.  The  tanks  at  the  top  of  the  series  are  meiv  ]- 
and  those  at  the  bottom  are  often  good-sized  lakes,  and  the  area  irrigated  by -i-* 
is  frequently  very  large. 

In  Madras  Presidency,  including  Mysore,  there  are  said  to  be  ah  r 
75,000  tanks.     All  of  the  smaller  tanks  are  repaired  either  byth*-^ 
lages  or  by  the  landowner.     The  smaller  tanks  are  used  duns.'  * 
rainy  season  chiefly  in  order  to  keep  up  a  constant  supply  of  way ' 
the  fields  during  the  intermission  of  the  rainfalls.     The  larger  *a-^' 
contain  water  supply  sufficient  often  for  one  year  and  sometinit- 
several  years.     In  Mysore^  early  in  1866,  Major  Sankey  *  reportal  t 
the  percentage  of  the  whole  area  of  Mysore  under  the  tAnk  syst^fs^ 
59.7,  while  the  total  area  of  the  state  is  27,300  square  miles.   1^  ^ 
under  exceptional  circumstances,  none  of  the  drainage  of  60  per  ^ 
of  this  area  or  16,300  square  miles  is  allowed  to  escape,  or  n/ 
should,  with  proper  attention,  be  allowed  to  escape,  were  alltxi*'  - 
works  in  their  normal  condition.     To  such  an  extent  has  the  prin' . 
of  storage  been  followed  that  it  would  now  require  some  ingenni* 
discover  a  site  within  this  great  area  suitable  for  a  new  tank.    Id  -' 
Major  Sankey  said  that '  *  one-third  of  the  tanks  then  existing  in  My> " 

a  Home,  Lieut.  F.,  R.  E.,  Tank  irrigation  in  Ajmeer  and  H&irwara:  Roorkee  Prx''- 
Pai)er8,  No.  289,  Boorkee,  India. 

6  Sankey,  MaJ.  R.  H.,  R.  £.,  Irrigation  in  Mysore:  Roorkee  Profeeeioiua  Ftepersoc  Iod>a  I^ 
neering,  Boorkee,  India. 
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•e  large  irrigating  reservoirs."  He  found  about  one  tank  to  the 
ijire  mile  and  one  village  to  the  same  area;  the  average  quantity  of 
ti  v"a.tion  was  about  10  acres  to  a  tank.  In  this  area  there  are  some 
at  tATiks,  such  as  the  Mudduck  and  Nuggar  tanks  mentioned  else- 
(3  re. 

i^he  ordinary  Mysore  tank  is,  however,  a  much  smaller  description 
work,  usually  closed  by  a  low  and  long  dam;  an  average  one  being 
>iit.  12  feet  broad  at  top,  00  feet  wide  at  bottom,  and  18  feet  high. 
this  description  of  tank  the  sluice  is  usually  a  large,  substantial, 
1  not  infrequently  expensive  work.  It  consists  of  a  square  brick  or 
lie  cistern,  2  yards  each  way  and  1  j'ard  high,  to  keep  off  the  sand 
tlie  entrance  of  the  sluice,  with  one  or  more  valves  or  plugholes  in 
tone  at  the  bottom,  from  G  inches  to  a  foot  in  diameter  each.  The 
Ive  is  attached  to  a  long  pole  which  is  held  in  an  upright  position 
2  or  4  vertical  stone  pillars,  to  which  horizontal  projections  are 
aelied,  one  at  top  and  another  midway  down,  through  a  hole  in  the 
iter  of  which  the  valve  rod  works.  The  pressure  of  the  water  upon 
3  I  oi>  of  the  valve  keeps  it  sufficiently  tight  when  lowered  into  the  valve 
le  to  prevent  the  escape  of  water.  At  the  rear  of  the  dam  another 
»tern  of  about  the  same  dimensions,  and  usuall}'^  of  brick  in  mortar, 
built,  three  sides  of  which  are  furnished  with  square  openings  and 
utters  to  permit  the  water  being  turned  off.  The  two  cisterns  are 
nnected  by  a  tunnel,  the  length  of  which  depends  upon  the  cross 
c*tioii  of  the  dam  through  which  it  is  laid. 

Most  tanks  receive  their  supply  from  the  high  ground  in  the  neigh- 
►rhood;  but  there  are  exceptions  to  this,  as  numerous  tanks  are 
,rtly  supplied  by  channels,  either  from  water  courses  or  canals,  which 
nd  around  remote  hills  and  catch  the  rain  flowing  down  their  sides 
id  convey  it  to  the  tanks.  A  single  tank  may  possess  several  feeders 
this  kind.  Many  old  tanks  which  had  failed  during  the  early  native 
> vern  ment  have  been  restored  by  the  British  engineers ;  others  which 
ere  decayed  have  been  repaired,  and  a  few  which  were  tolerable  have 
^en  put  in  perfect  order.  None  of  these  irrigation  works  have  dete- 
orated  since  the  British  took  possession,  and  their  condition  on  the 
hole  has  been  greatly  improved.  Judging  from  various  reports  the 
orks  are  probably  now  in  a  more  effective  condition  than  at  any 
her  time  of  which  we  have  a  record,  and  the  increase  in  efficiency 
rts  apparently  kept  pace  with  the  increased  liberality  in  the  exi)endi- 
ir<s  taking  no  account  of  the  great  rise  in  labor  rates  of  late  years. 
In  the  Madras  Presidency  mainly,  exclusive  of  Mysore,  there  were 
sported  in  1882  to  be  53,000  tanks,  having  about  30,000  miles  of 
inbankments  and  300,000  separate  masonry  works,  weirs,  escapes, 
tc.,  yielding  a  revenue  of  |;7,500,000  per  annum,  and  having  invested 
ri  them  a  capital  of  $75,000,000.  In  1882  the  area  irrigated  for  first  or 
iret- weather  crop  amounted  to  2,525,790  acres,  and  the  area  of  autumn 
rop  irrigated  in  the  same  year  by  tanks  amounted  to  675,400  acres. 
;oine  of  these  Madras  tanks  are,  as  before  stated,  of  immense  size. 
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The  Virainum  tank,  which  is  a  very  ancient  work,  has  an  are«  of  ^.: 
square  miles  and  an  embankment  12  miles  long.  It  is  still  ia  fil 
operation  and  retams  an  annual  revenue  of  $57,000.  TheChembne- 
baukam  tank  in  Chingliput  is  so  large  that  it  resembles  a  great  n^mrd. 
lake.  Its  embankment  is  more  than  3  miles  long,  and  its  wagt«vir* 
have  a  total  length  of  676  feet  of  escape.  Its  gross  capacity  is  C],:> 
acre-feet,  its  surface  area  is  8.95  square  miles,  or  5,730  aer^  &&•]  r 
irrigates  of  wet- weather  crop  12,760  acres,  and  of  antnmn  crop  3.:  • 
acres.  The  dam  which  closes  this  reservoir  rang^  from  9 1(»  ^  fe 
in  thickness  at  the  top,  and  from  16  to  28  feet  in  height,  and  is  ot 
structed  of  earth.  It  supplies  irrigation  to  the  fields  by  meaibofv: 
separate  sluiceways.  In  1882  the  capital  invested  in  this  work  b: 
reached  $312,000,  and  the  revenue  for  that  year  amounted  to  ^I'vv 

Some  of  the  most  interesting  tanks  to  be  found  in  India,  becanv 
they  are  the  most  modem,  are  several  of  the  great  tanks  recently  t^^ 
structed  in  the  Bombay  Presidency,  which  are  more  truly  reserr- '% 
than  tanks,  as  the  latter  term  fails  to  convey  a  proper  idea  of  1 -' 
magnitude  and  importance.  Of  these,  the  more  important  and  ii>: 
esting  now  in  operation  are  the  Ekruk  tank  near  Sholapar,  and  ti: 
Ashti  tank,  also  in  the  Sholapur  district,  and  constructed  on  the  Iv' 
River. 

The  following  table  gives  some  of  the  more  important  dataconn^^*'-: 
with  these  tanks,  and  is  derived  from  the  Bombay  revenne  report  :\ 
1900-1901: 

Tanks  in  Bombay  Presidency. 


Area  of  catchment sqnare  miles. 

Average  anTinal  rainfall .inches. 

Available  contents _ acre-feet. 

Surface  area acres.. 

Area  commanded do 

Area  irrigated do 

Main  canal miles.. 

Distribn  taries :._ do 

Height  of  dam feet. . 

Total  cost dollars- . 

Area  irrigated: 

Automn acr^s.. 

Summer do 

Total do.... 

Percentage  double  cropped 

Discharge  utilized ...second-feet.. 

Area  of  autumn  crop  irrigated  per  second-foot 
of  discharge  utilized ._ acres.. 


Ekrnk. 


AahtL     '  T^tenL 


159  I 
30.7  I 


76,130 
I 
4,551 

17, 152 

16,941 

48 


93 

96.7 

32,660 

2,380 

17,882 

11,780 

27 

2 

57.7 

278,000 


e 


4.^:^ 


&• 


i.ir.." 


989 
1,440 


2,430! 
6.3 
9.2 

155.8 


i- 


•it 
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EKRUK  TANK. 

iie  catcliinent  area  of  the  Ekruk  tank  is  159  square  miles,  on  which 
animal  rainfall  averages  24.7  inches  and  the  run-off  41,400  acre- 
,  or  4.87  inches  per  square  mile.  The  rainfall  on  the  irrigable 
Is  served  by  this  tank  averages  22.8  inches  per  annum,  the  duty 
lie  iwater  supplied  during  the  four  months'  autumn  crop  was  76 
^s  per  second-foot,  and  the  water  rate  charged  on  the  land  served 
ing  the  year  1888  was  86  cents  per  acre  irrigated  or  $73  per  second- 
f  of  discharge  at  the  canal  head.  The  crops  raised  in  1888  were 
ribiited  about  as  follows: 

Crops  raised  on  land  irrigated  from  Ekruk  tank. 


Crop. 

Acres. 

Valae. 

eat . •_ 

337 

$3,100 

ar _ _ _ 

260 
344 
537 

17,300 

let 

2,307 

,ns 

2,700 

Totfl.1 ,  i|nrlTi«li"nflr  fill  nthArn 

2,976 

38,000 

Phis  'work  was  undertaken  by  the  Indian  government  and  is  sitn- 
k1  5  miles  northeast  of  the  town  of  Sholapur.     The  scheme,  drawn 

in  1863  and  sanctioned  in  1866,  comprises  a  tank  formed  by  an 
rthen  dam  and  supplying  three  canals  for  irrigation.     It  receives 

water  supply  from  the  River  Adhila,  a  tributary  of  the  Lina,  the 
11  of  which  is  7  feet  per  mile,  and  its  greatest  flood  discharge  is 
,000  second-feet.     The  dam  which  forms  the  tank  has  a  total  length 

7,200  feet,  including  2,730  feet  of  masonry,  of  which  1,400  feet  is  at 
e  northern  end  and  1,330  feet  at  the  southern  end.  The  maximum 
iiprht  of  the  earthwork  above  the  bed  of  the  Adhila  River  is  72  feet, 

7  feet  above  the  highest  flood  line.  The  height  of  the  masonry 
)rtion  is  3  feet  above  the  highest  flood,  exclusive  of  3  feet  of  parapet 
x)ve  that.  When  full  the  maximum  depth  of  the  tank  is  60  feet,  and 
s  contents  41,700  acre- feet  of  water,  the  surface  area  of  which  is  6^ 
[uare  miles.  The  wasteway  is  at  the  northern  end  of  the  dam,  and 
insists  of  a  channel  250  feet  wide  carried  through  a  spur  and  dis- 
larging  into  a  side  drainage  course.  The  calculated  maximum 
elocity  over  the  wasteway  is  10  feet  per  second,  and  its  capacity  of 
ischarge  is  250  by  5  by  10  =  12,500  second-feet.  The  depth  of  evapo- 
Fition  during  eight  months  is  7  feet,  and  the  loss  amounts  to  17,250 
cre-feet. 

This  tank  has  three  discharge  canals.  The  accompanying  PI.  XXVI 
Ives  some  details  of  this  work.  The  lowest  or  perennial  canal  is  28 
niles  long,  and  its  sill  is  20  feet  above  the  level  of  the  bottom  of  the 
ank.    Its  discharge  amounts  to  44  second-feet  and  it  covers  an  irri- 
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livable  area  of  25  square  miles.     The  next  canal  above  this  » irn-t 
to  provide  a  four  months^  supply  of  wat-er;  it  is  18  milee  h&z-  -- 
charges  42  second-feet,  and  covers  an  irrigable  area  of  21  sqoArv'i.  - 
of  land.     The  highest  canal  is  also  calculated  for  a  four  monrfe?  ~- 
ply,  and  is  4  miles  long  and  discharges  21  second-feet  of  vater.  T. 
discharge  of  one  of  these  four-months^  canals  is  oompensst^d  f<r 
the  supply  of  rain  received  during  the  rainy  season.     The  lowr-  ,»-'■ 
ennial  canal  is  taken  from  the  left  bank,  the  second  canal  fp.a 
right  bank,  and  the  higher  canal  from  the  left  bank.     The  ^:i.\ 
sluice  at  the  head  of  the  perennial  canal  consists  of  a  masonijt;: 
through  the  canal  bank,  with  a  substantial  masonry  inlet  towpr«c  - 
water  side.     The  diameter  of  the  tunnel  through  the  dam  is  I- > 
and  its  total  length  is  200  feet.     The  discharge  sluices  for  the  f 
months'  canals  consist  of  an  iron  pipe  145  feet  in  length  and  5  f^ 
diameter  through  the  dam,  which  is  closed  at  the  lower  side  byE'  > 
of  a  valve  worked  by  hand  gear  from  above. 

According  to  the  revenue  report  for  1900-1901,  the  total  outlay  ^s  *  ► 
Ekruk  tank  to  the  end  of  that  year  amounted  to  $953,000,  thf  r  >j. 
receipts  from  irrigation  during  the  year  were  $3,040,  and  the  r- 
receipts  from  all  sources  amounted   to   $8,030;    the  total  ^nr: 
expenses  amouted  to  $2,660,  showing  a  net  revenue  of  $5,370,  ki 
alent  to  1.2  per  cent  on  the  capital  outla\'.     As  originally  de^i"- 
this  work  was  estimated  to  jield  a  net  revenue  of  9  per  cent  on  " 
capital  expended.     Its  failure  to  do  this  is  largely  due  to  the  sl 
demand  for  the  water,  owing  to  the  natural  rainfall  on  the  dist: 
served  being  ordinarily  sufficient  to  raise  crops  without  imgi^tm 

ASHTI  TANK. 

The  catchment  area  of  this  tank  is  92  square  miles,  and  the  laiii*- 
over  this  area  averages  24.1  inches  per  annum;  the  rnn-off  amonr? 
8,000  acre-feet  per  annum,  or  1.62  inches  per  square  mile.    Thewi 
fall  on  the  irrigable  lands  sei*ved  by  the  tank  average8  19.S  incb^?^' 
annum.     The  project  comprises  a  tank  on  the  Ashti  River,  fonntd  . 
an  earthen  dam  12,709  feet  long  and  58  feet  in  maximum  heigbiii*^ 
ing  a  total  storage  capacity  of  34,500  acre-feet  of  water.    There  aR'» 
discharge  canals,  one  on  each  side  of  the  Ashti  River,  which  eii^^ 
to  its  junction  with  the  Bhima  River  and  command  25,270  acrr  ^ 
irrigable  land. 

This  work  is  situated  in  the  Sholapur  district,  about  16iniles!«c: 
west  of  the  town  of  Madha.  The  project  was  originally  prepawl  tf 
Capt.  C.  B.  Penny,  R.  E.,  in  1869.  In  1876,  when  the  great  Im^ 
was  imminent  and  the  prosecution  of  relief  works  was  urgently  t"*^ 
for,  this  was  one  of  the  first  works  undertaken  for  that  purpose.  ^ 
project  (fig.  58)  was  then  thoroughly  revised  and  complete  pto*^ 
estimates  prepared  by  Mr.  Charles  T.  Burke  «  under  the  orders  of  tV 


a  Burke,  Charles  T.,  The  Ashti  tank:  Proceedings  of  the  Institution  of  dril  EngiaeeR^^-^ 
part  2, 1888,  London. 
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Merriman,  R.  E.,  chief  engineer.  The  available  capacity  of  the 
is  32,660  acre-feet,  and  to  furnish  this  quantity  a  run-off  of  6,3 
es  per  annum  would  be  required  from  the  catchment  basin.  The 
nflf  during  an  average  season  is  but  G  inches,  or  4.87  per  cent  of 
available  capacity  of  the  tank.  The  features  of  the  ground,  how- 
,  ilo  Tiot  admit  of  the  capacity  of  the  tank  being  reducpd,  as  the 
I  of  full  supply  waa  regulated  by  the  only  saddle  available  forthe 
:e^vay.  Had  that  been  lowered  tlie  quantity  of  rock  excavation 
issary  would  have  cost  more  than  the  earthwork  required  to  raise 
dam,  l>esides  which  there  is  manifestly  an  advantage  in  making 
reservoir  of  large  capacity  if  it  can  be  done  without  increased 
ense. 


Piu.  AK.— The  ABhCt  tank  and  canalg. 

The  loss  by  evaporation,  absorption,  etc.,  was  estimatetl  at  4  feet  in  > 
epth  on  half  the  area  at  full-nupply  level.  From  actual  experiment 
ft«r  the  completion  of  the  work  it  was  found  that  the  loss  from  evapi- 
ration  in  1880  during  the  six  winter  months  of  drj'  weather  waa  3.8 
eet;  deducting  this  quantity  the  net  supply  of  water  available  for 
rrigatiou  is  25,300  acre-feet. 

The  total  length  of  the  dam  is  12,70!)  feet.  Its  top  breadth  is  6  feet, 
ts  breadth  at  full-supply  level  is  4i'  feet;  the  side  slopes  above  this 
wint  are  1  on  1^  below  it,  the  inner  slope  is  1  on  3,  and  the  outer 
(lope  Ion  2.  Previous  lo  its  cou-struction  the  site  of  the  dam  through- 
jut  was  cleared  of  vegetable  and  loose  material,  and  the  sand  and  silt 
were  removed  from  the  entire  area  forming  the  site  of  the  dam  in  the 


208  IRRIGATION   IN   INDIA.  ;-^ 

river  bed.     Thaa  the  dam  throughout  rested  upon  a  soimd  and  cm 

foundation.     There  is  no  puddle  wall,  but  a  poddle  treneh,  thf  S   ^ 

of  which  risen  1  foot  above  the  ground  surface,  extends  thronri. ; 

the  whole  length  of  the  dam,  and  is  10  feet  in  width,  and  lunW. 

excavated  down  to  a  compact  impervions  bed.     Its  compoeitii^Di-; 

parts  sand  and  3  parts  of  black  - 

The  central  third  of  the  dam  l«  t- 

up  of  selected  material  of  black  > , 

extending,  as  show-n  in  the  aceompoiT 

ing  illustration  (fig.  59),  in  a  triacir^T 

section,  from  the  dam  crest,  irbpi*  i:  ' 

6  feet  wide,  to  the  base,  where  il  l- 

feet  wide.     Onteide  of  this  are  vw-  r- 

angular  sections  composed  of  the  ^•r-'^. 

soil  of  the  country,  and  this  1^  iir-'. 

outside  with  from  1  to  ISfeetof  pno - 

of  sand  and  black  soil,  while  a  ^iDi:^- 

puddleon  the  inner  slopeispaT^Ja  :: 

Cinches  of  lar^  stone  pitching U"^ 

J     able  it  to  resist  wave  action,    .\f^•^ 

■3     the  river  bed  a  trench  5  feet  in  t!  ; 

g     was  excavat*^  along  the  entir?  lecn 

-     of  the  dam  down  to  the  rock  »□<!  -i 

I     tending  100  feet  into  the  banks  of  'i^ 

I     river.    On  each  side  this  was  filled*,*^ 

^     concrete  and  was  conDect«d  irilh  :^r 

S     puddle  trench.     The  puddle  trtnih  "i- 

curved  around  the  ooocrete  vaU  »: : 

continued  across  the  river  at  a  di^iai  - 

of  20  feet  from  the  concrete  wall  on  ':■ 

upstream  side. 

The  following  procedure  was  adoj^. 

in  completing  the  fouDdati  on  of  tht'I'^ 

in  the  river  bed.     The  puddle  tivr  : 

and  concrete  wall  having  been  finLii^- 

during  the  dry  season,  measures  «" 

taken  to  utilize  the  floods  of  the  r:.-" 

ing  rainy  season  to  assist  in  clear!. 

away  the  sand,  silt,  etc.,  from  the>- 

in  the  river  bed.      Piers  of  looser  ■ 

blestone  were  disposed  in   rows  iij-' 

the  upsti-eam  side  of  the  site;  these  were  about  5  feet  in  diaiuf 

and  were  placed  about  40  feet   apart.     Daring   breaks  in  the  « 

weather  the  sand  to  be  removed  was  plowed  and  thus  more  ivu':. 

acte<l  upon  by  tiie  scouring  action  of  the  floods,  which  flowed  »■: 

a  high  velocity  through  the  contracted  water  area  between  the [rt-'- 
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caused  the  removal  of  a  large  quantity  of  sand  from  the  site  at  a 
11  expenditure.  A  low  dam  of  dry  rubble  work  was  then  con- 
cted  across  the  river  about  100  feet  above  the  site  to  prevent  it 
II  again  being  silted  up,  and  during  the  dry  season  the  work  was 
ied  up  in  the  ordinary  manner. 

he  pitctiing  given  to  the  inner  slope  of  the  dam  was  calculated  as 
3ws: 

he  thickness  of  the  pitching  depends  upon  the  greatest  height  of 
w^aves  to  which  the  dam  is  exposed,  and  the  maximum  height  of 

^'aves  depends  upon  the  ** fetch"  or  distance  from  the  shore 
»re  their  formation  commences  and  was  determined  "by  Stevenson's 
nnla 

a;=1.5^/F+(2.6-VF) 

3re  05  =  "the  height  of  wave  in  feet,  F  =  the  fetch  in  nautical  miles, 
ain,  Rankin  states  that  where  an  embankment  of  loose  stone  is 
>osed  to  the  action  of  waves  it  must  be  faced  with  blocks  set  by 
id,  the  least  dimension  of  any  block  in  the  facing  being  not  less 
in  two-thirds  of  the  greatest  way  height.  From  these  two  consid- 
itions  tlie  thickness  of  the  pitching  was  deduced, 
rhe  cross  section  of  the  Ashti  dam  is  considered  to  be  amply  strong 
every  w^ay,  yet  Mr.  Burke  deems  it  well  to  consider  whether  in 
•rks  of  such  magnitude  the  adoption  of  a  more  liberal  cross  section 
»uld  not  be  advisable.  He  says  that  the  Ekruk  tank  dam  has  a  top 
eadth  unnecessarily  great  and  not  uniform,  as  it  is  diminished  in 
oportion  to  the  height.  This  does  not  improve  the  appearance  of 
e  dam,  is  unnecessary  under  any  circumstances,  and  involves  an 
creased  outlay.  The  top  breadth  of  the  Ashti  dam  is  too  narrow, 
r,  although  sufficient  in  strength,  Mr.  Burke  considers  it  objection- 
►le  for  various  reasons.  A  dam  of  this  kind  would  warrant,  if  but 
r  appearance  alone,  as  well  as  for  the  convenience  afforded  by  a 
ad  way,  a  small  outlay  to  increase  its  top  breadth  sufficiently.  In 
•eparing  the  plans  of  the  Pangoan  tank  which  was  subsequently 
^signed  by  Mr.  Burke,  the  top  breadth  was  increased  to  8  feet,  and 
ren  this  appears  insufficient  for  a  dam  77  feet  in  height.  Mr.  Burke 
icommends  the  following  as  a  minimum  top  width  for  works  of  this 
ature  in  India:  For  earthen  dams  50  feet  in  height  and  over,  top 
readth  to  be  10  feet;  under  50  feet  in  height,  8  feet.  In  the  course 
F  time  settling  may  occur  in  dams  constructed  wholly  of  earth,  ren- 
oring  repairs  and  renewals  necessary.  In  the  first  ten  years  after 
lie  completion  of  the  Ekruk  dam,  2i  feet  in  depth  of  new  material 
?as  added  to  its  top,  and  this  could  not  have  been  properly  rolled 
olid  if  the  roadway  had  not  been  sufficiently  wide  for  compression  by 
.  hea\'y  roller. 

The  change  of  inclination  from  1  on  2  to  1  on  1^  of  the  outer  slope 
>i  the  Ashti  dam  is  undesirable.     As  regards  the  inner  slope,  the  incli- 
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nation  of  1  on  3  np  to  the  level  of  the  estimated  maximum  ^ 
appears  to  be  good.     This  should  then  change  in  tanks  to  1  on  1. 
the  top  of  the  dam.     It  is  a  matter  for  consideration  whether  the  cr  •■  • 
part  should  not  be  1  on  1,  rather  than  1  on  1^.     It  would  proliaM;  • 
an  advantage,  Mr.  Burke  thinks,  that  waves  should  be  reflect^  m: 
than  broken  on  the  slope,  and  on  the  authority  of  Mr.  Scott  Rn<?^r 
apx)ears  that  a  slope  of  1  on  1  will  reflect  waves,  while  on  flatter  *!  >- 
they  are  broken.     The  cross  section  recommended  by  Mr.  Burkrf 
general  adoption  in  India  is  as  follows :  The  height  of  the  dam  ihr 
the  full-supply  level,  or  the  crest  of  the  weir,  is  A=d+ jr+c;  in  ^\ 
d  =  the  depth  of  water  in  the  tank  above  the  weir-crest  level  wbei^ 
maximum  flood  is  flowing  over  the  weir;  x  =  the  height  of  the  top  ' 
pitching  above  the  surface  of  the  maximum  flood  in  the  tank,  fi-u 
by  the  formula  previously  given;  and  c  =  a  constant  of  the  Talne-:. 
or  3  feet  according  to  circumstances — that  is,  the  vertical  heigiit  ' 
the  top  of  the  dam  above  the  top  of  the  pitching. 

The  waste  way  of  the  Ashti  dam  consists  of  a  channel  hariiigaf>i' 
width  of  800  feet  excavated  through  a  saddle  in  the  high  ridge  eon-* 
tuting  the  western  boundary  of  the  tank.     The  bed  of  this  ehiairi. 
which  is  excavated  in  rock,  is  level  for  a  mean  length  of  abont  - 
feet  and  then  falls  away,  with  a  slope  of  1  in  100,  toward  the  Ra[ 
Torrent,  into  which  the  flood  waters  are  discharged,  and  thus  pas^ii. 
another  valley  distinct  from  that  draining  the  tank.     The  discb^:. 
capacity  of  this  wasteway  is  48,000  second-feet,  which  will  cans: ' 
water  to  rise  7  feet  above  its  sill,  or  within  5  feet  of  the  top  of  thetias. 
The  discharge  capacity  of  the  wasteway  was  calculated  as  follow^^: 
L= width  of  channel =800  feet. 
rf2=the  depth  of  water  in  the  channel=3.5  feet. 

The  surface  slope  of  the  channel  being  1  in  100,  the  mean  vek»:r 
is  as  follows : 

V  =  92. 2(jJ-  X  cl^  =  17. 25  feet  per  second 

and  the  corresiwnding  discharge  is  48,300  second-feet.  Thehwi^ 
water  in  the  tank  necessary  to  cause  a  discharge  of  this  volnme  '** 
determined  by  the  formula 

D = Cd  L  dj  V2^+f  Cd  Ld  V2^ 

where  d^  is  the  depth  of  the  channel  and  the  constant  C=75. 

The  Ashti  tank  was  designed  as  a  minor  productive  work,  th«^  :■ 
outlay  on  which  to  the  end  of  1901  amounted  to  $278,000.  The  «> 
nues  from  irrigation  in  that  year  amounted  to  $1,780  and  their"-- 
revenues  to  12,040.  The  working  expenses  during  the  same  t  '- 
amounted  to  $14,500.  This  excess  expenditure,  however,  was  larj 
due  to  additional  works.  There  was  earned,  in  fact,  a  net  rev^'J- 
of  1.40  per  cent  on  Uie  capital  outlay. 
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ral  Mullins  in  his  Manual  of  Irrigation*  lays  down  some  dif- 
•ulea  for  the  top  width  and  various  dimensions  of  an  earthen 
>in  tliose  above  quoted  from  Mr.  Burke.  He  says  that  the  top- 
>f  an  earth  dam  should  not  be  less  than  4^  feet  anywhere,  and 
hiat  ^width  will  suffice  for  the  ends  of  dams  of  comparatively 
'  tanks,  the  width  at  the  deei)er  part  of  these  should  be 
eel  to  6  feet.  From  9  to  12  feet  will  be  a  proper  top  width  for 
clams,  and  for  verj'^  large  ones  one-fourth  of  the  depth  of  the 
s  the  prescribed  minimum  for  the  deeper  parts  and  8  feet  at 
Is.     'A^'lie  top  of  the  dam,  the  upstream  slope  of  which  is  revetted, 

always  slope  toward  the  rear  edge,  so  that  the  rainfall  may 
f  do^^n  the  rear  slope  and  not  on  the  revetment,  with  the  risk 
hing  out  the  back  of  the  latter;  1  on  16  for  earth  and  1  on  24 
ivel  ^will  be  suitable  grades  for  this  top  slope.  The  grade  of  the 
»r  or  front  slope  will  depend  upon  the  description  of  protection 
it  wash,  to  be  provided,  revetted  slopes  ranging  from  one-third 
)n  1 ;  for  shingle,  slopes  of  1  on  2  or  2^  are  suitable.  The  gradi- 
r  the  exterior  or  rear  slope  will  vary  according  to  the  nature  of 
il  from  1  on  1^,  which  is  the  steepest  allowable,  to  1  on  3. 
ioutliem  India  at  or  near  the  center  of  the  dam  is  considered  the 
)Osition  for  a  puddle  wall.  It  is  of  primar}'^  importance  that  the 
should  not  crack  during  the  considerable  periods  of  each  year 
ho  tanks  are  either  dry  or  the  water  in  them  is  at  a  low  level. 
iiaterial  most  used  for  puddle  walls  in  Madras  is  clay  of  the 
iption  used  for  tile  making.  Ifc  is  well  tempered  and  a  puddle 
i  not  too  wet. '  Any  excess  of  moisture  beyond  that  needed  to 

of  the  entire  wall  being  worked  into  a  homogeneous  mass  increases 
isks  arising  from  settlement.  The  top  width  given  to  puddle 
I,  whatever  their  height,  is  about  2  feet,  and  the  top  level  is  made 

1  to  2  feet  below  the  level  of  the  top  of  the  dam.     Batters  of  from 

1  to  8  on  1  are  given  to  the  faces  of  the  puddle  wall.     The  thick- 

of  the  wall  at  the  base,  that  is,  at  the  ground  level,  is  usually 

2h 
cd.by  the  formula  2+  t-  in  which  h  is  the  height  from  the  ground 

le  top  of  the  wall  and  b  is  the  batter.  The  foundation  of  the  wall 
equently  of  concrete  down  to  an  adequate  depth  below  the  ground 
ace,  viz,  to  1  foot  at  least  in  clay  or  impervious  soil  and  to  4  feet 
nore  or  less  pervious  soils.  The  cross  section  of  the  foundation 
ich  is  made  as  wide  at  top  as  the  base  of  the  puddle  wall  and  some- 
it  narrower  at  the  bottom,  being  cut  with  side  slopes  of  3  or  4  on  1. 
•evetting  wat«r  slopes  of  dams  a  suitable  backing  of  small  stone 
i  gravel  is  always  placed  beneath  the  revetment  of  uncement^d 
ne. 
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In  designing  the  surplus  weirs  or  wasteways  the  quantity  oC  Wi- 
to  be  gotten  rid  of  must  first  be  ascertained.     The  length  of  i- 
required  is  usually  ascertained  in  Madras  either  from  tables  f/r 
calculation  with  the  formula  for  weirs: 

=Lxi<;x8.02V^ 
which,  with  c=-.6075(a  value  applicable  to  very  many  tank  wiirt^  - 

comes  D=3.25  L  ^d\  in  which  D  is  equal  to  the  discharge  in  3m>  -. 
feet;  c  is  a  coefficient,  the  value  of  which  varies  with  the  form  ^  . 
weir,  but  seldom  exceeds  0.65;  d  is  the  maximum  depth  inf*-' 
water  to  be  allowed  to  pass  over  the  weir,  and  2y  is  a  consti 
representing  the  force  of  gravity. 

As  of  interest,  showing  how  even  earthen  dams  which  aw  ■^'- 
structicd  in  a  most  substantial  manner  may  slip  or  subside  fiom.^L 
unexpected  cause,  the  following  is  a  description  of  the  slips  vh- 
occurred  in  the  Ekruk  and  Ashti  dams.     The  full-supply  level  Ck'  ■ 
Ekruk  dam  has  a  thickness  of  91  feet,  and  at  the  maximnm  ra  . 
lated  flood  level  its  thickness  is  41  feet.     From  the  date  of  it&  co!l[ 
tion  in  1869  until  September,  1872,  the  dam  was  perfectly  soawi  % 
in  good  order,  but  in  that  month  excessive  rain  fell  all  over  that ;  " 
of  the  country  in  which  the  dam  is  situated.     From  9  to  14  inWi- 
rain  were  gaged  at  different  places  in  the  catchment  area  ItI^- 
the  19th  and  23d.     The  water  on  this  occasion  rose  to  6  feet  ovrr ' 
crest  of  the  waste  weir  and  at  the  same  time  three  slips  ocennvi  : 
the  rear  slope  of  the  dam.    Colonel  Fife,  the  eh  ief  engineer,  at  onee  r- 
ited  the  tank  and  reported  that  the  slope  of  the  embankment  wV:^ 
the  earth  had  slipped  or  been  washed  down  was  not  vertical  bu;  * . 
about  45°,  and  this  for  about  10  feet  only,  after  which  it  became  flar' 
No  leakage  whatever  was  observed  through  the  dam.     Prior  it»  * 
accident  dry  stone  drains  had  been  constructed  at  an  angle  down  *^ 
rear  slope  to  carry  off  the  rains  and  prevent  scouring  of  the  emfai* 
ments;  it  was  thought  that  these  drains  at  the  site  of  the  slir^' 
become  choked  or  had  sunk,  owing  to  the  saturated  condition  d  \ 
soil,  and  had  thus  allowed  the  water  to  accumulate  and  escape.  ^a< 
ing  away  the  earth  below.     These  drains  on  the  slope  were  acixmlin- 
done  away  with,  the  dam  was  carefully  made  up  to  its  origrin»l  > 
tion,  berms  were  constructed  to  weight  the  toe  of  the  dam  at  tb**  *  - 
of  the  slips,  and  surface  drains  were  cut  to  carry  off  the  slight  lt*i  - 
under  the  dam. 

No  further  accident  occurred  to  this  dam  until  the  summer  of  1"' 
when  another  slip  took  place,  coincident  with  heavy  rain  on  theiTs 
ment  basin.     The  position  of  this  slip  was  directly  in  continuati*  l 
one  of  the  slips  of  1872,  the  rear  half  of  the  dam  having  for  ana*'  ' 
age  length  of  188  feet  subsided  vertically  about  8  feet.     This  P"- 
of  the  embankment  was  founded  principally  on  black  soil  which  I 
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HO  ««^turated,  resembling  a  pulpy  mass,  and  had  been  forced 
fcrxl  l>y  the  pressure  of  the  dam.  To  remedj'  this  a  dry  stone 
tiin^  »nd  draining  wall  was  constructed  at  the  toe  of  the  dam  at 
ido  of  the  slope.  This  wall  was  sunk  8  feet  into  the  ground  and 
lO  feet  wide  at  the  bed;  cross  drains  were  also  cut  to  drain  this 
113  direction  of  the  creek  below  the  bank,  and  a  counterfort  or 
1  4:5  feet  wide  and  10  feet  in  height  was  raised  on  the  toe  of  the 
Axikment  to  counteract,  by  its  weight,  the  tendency  to  bulge 
arcl. 

irly  in.  November,  1883,  owing  to  excessive  rains,  the  water  in  the 
Li  'bank  rose  1  foot  over  the  crest  of  the  waste  weir;  shortly  after 
la^ll  liorizontal  crack  about  40  feet  in  length  was  observed  in  the 
h.in^  on  the  front  slope,  and  it  was  immediately  repaired  by  remov- 
tUe  stvones,  tamping  the  bank,  and  relaying  the  pitching.  About 
E^elc  later  a  crack  3  inches  wide  and  4  inches  deep  was  found  in 
x^ar  of  the  slope.  This  crack  had  a  horizontal  length  of  about  60 
;  and  ran  down  the  slope  to  a  level  of  about  10.  feet  below  full- 
►ply  mark.  It  was  at  once  repaired,  but  on  the  following  day  it 
penecl,  i^hen  a  settlement  at  the  top  of  the  dam  was  observed. 
)m  tills  time  for  several  days 
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Fig.  00.— Aiihti  dam  slips. 


top  continued  to  subside  and 
\  groundl  at  the  toe  of  the  dam 
l>ulge.  upward.  Equilibrium 
s  not  established  until  a  week 
er.  Tlie  total  settlement  of 
3  top  of  the  dam  amounted  to 
feet,  l>riuging  it  4  feet  below  the  full-supply  level  of  the  tank;  the 
bched  sloi)e,  however,  remained  intact  up  to  about  4  feet  above  this 

rel. 

The  canses  of  the  slips  resemble  in  a  measure  those  of  the  slips  at 
e  Kkruk  tank.  A  considerable  length  of  the  dam  is  founded  on  a 
ay  soil,  wth  nodules  of  dirty  lime  in  it,  and  generally  contains  a 
lantity  of  alkali  which  causes  it  to  become  semifluid  when  soaked 
itliTvater.  It  is  probable  that  at  the  site  of  the  slope  the  excavation 
>r  the  puddle  trench  had  not  been  made  quite  deep  enough  to  pre- 
[?nt  leakage  of  water  under  it.  The  length  of  the  slipped  portion  at 
le  top  i?eas  155  feet.  The  dam  at  this  point  is  44.3  feet  in  height  and 
t  the  time  of  the  accident  the  water  was  standing  31.7  feet  deep  at 
[lis  point. 

The  permanent  corrective  measures  adopted  after  the  cessation  of 
he  movement  were  the  digging  of  a  trench  at  the  toe  of  the  rear  slope 
<rhich  "was  filled  with  bowlders  and  broken  stone  (fig.  60),  as  was 
lone  for  the  Ekruk  dam,  heaping  the  excavated  material  and  other 
^arth  on  to  the  bulged-up  ground  to  counterbalance  the  lifting  action, 
remaking  the  dam  to  its  original  section,  and  adding  earth  and  broken 
stone  to  give  additional  weight  to  the  rear  slox)e.    The  drainage  trench 
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has  been  extended  along  the  slope  wherever  the  foundation  w^sn  . 
to  be  treacherous  and  this  has  been  supplemented  byadditioiuM  .l 
similar  in  character  and  running  parallel  to  it,  and  iToccHiL*.- 
or  berms  have  been  added  to  the  slope  all  along  the  rearportl!  i 
dam,  about  700  or  800  feet  in  length,  to  weigh  the  toe. 

COMBINED  STORAGE  AND  CANAL  SYSTEMS. 

Several  combined  storage  and  canal  systems  have  alpea«iy 
described  in  their  proper  places.     The  Xira  proje(%  th*  \kvsi 
tem,  the  Periyar  system,  and  the  larger  tanks  just  desscrilie!  ^ 
combined  systems  of  storage  works  and  irrigating  canals.   T:x' 
two  other  combined  systems  which  differ  from  these  in  their  ,>. 
characteristics  and  should  be  described  as  of  peculiar  intere?>!,  » " 
the  Palar  anicut  system  in  Madras,  whereby  the  water  from  :Lf  i 
River  is  furnished  to  a  number  of  tanks  by  means  of  main  an*!  i : 
supply  channels  and  is  stored  in  these  tanks  until  want€d  for[i:; 
of  irrigation.     The  other  is  the  Zhara  Karez  irrigation  5*:ii  :- 
Beluchistan,  by  which  a  number  of  small  detached  tanks  >iiiL  • 
the  bottom  lands  adjacent  to  the  Maehka  Torrent  are  filled  by.. 
nel  intercepting  the  subsurface  flow  and  by  channels  taken  fn! 
torrent  to  the  tanks  during  portions  of  the  year  when  there  i-^  r : 
water  in  the  stream. 

PALAR  ANICUT   SYSTEM. 

The  Palar  anicut  or  wier  was  originally  designed  to  give  an  h.y 
supply  to  old  channels  which  fed  a  series  of  old  native  taniv 
situated  on  the  Palar  River,  4  miles  below  the  t^wnof  Arm.  s: 
a  catchment  basin  above  it  of  3,074  square  miles,  the  maximui: 
discharge  from  which  is  25,000  second-feet.     Anicut  is  a  TanJ^  ^ 
which  means  literally  wier,  and  the  Pabir  anient  is  a  simple  - 
sion  wier  constructed  across  the  Palar  River  whereby  water  y-^^ 
on  both  banks  of  the  river  into  the  supply  canals  which  k**! 
the  wier. 

The  irrigation  which  commenced  in  1853  witli  an  area  of  l\  •' 
of  wet-weather  irrigation  and  700  acres  of  dry-weather  irr :. 
extended  until  1882,  when  there  was  an  area  pf  66,700  acre?  •' 
weather  and  of  20,600  acres  of  dry- weather  irrigation.    Thenar- 
nue  derived  from  the  system  previous  to  the  end  of  188-,  in' 
the  enhanced  land  revenue,  was  $290,000  or  36.5  per  cent 
amount  of  direct  charges.     The  amount  of  Interest  charged' 
same  date,  however,  was  $670,000. 

The  weir  itself  (fig.  62)  is  2,634  feet  in  length  between  vin: 
and  7  feet  high  with  a  vertical  fall,  and  is  founded  on  a  suit^ 
of  circular  wells. .  There  are  three  aprons,  the  first  of  cni  >* 
mortar  36  feet  wide,  and  the  third  of  dry  mbblestone  3^i  f^* 
The  under  sluices  on  the  north  side  of  the  river  consist  of  --  ^ 
5  by  5  feet  each,  those  on  the  south  side  of  10  vents  of  tte  ^ 


s.] 


PALAB   ANIOUT    SYSTEM. 


215 


fusions.  The  weir  was  breached  for  a  length  of  1,015  feet  by  the 
Is  of  Octol>er,  1874,  previous  to  its  final  reconstruction.  The 
anels  on  tlie  north  are  the  Mahendravadi  channel  supplying  the 
t  of  tbe  s&me  name,  and  the  main  channel  which  branches  into 
supply  cliannels,  one  at  3  miles  from  the  head  and  the  other  at 
uiles  from  the  weir.  From  this  last  channel  other  branches  are 
en  off  Aw^liich  terminate  in  various  tanks.  On  the  south  side  are 
c^e  cliannels.  The  project  has  not  realized  the  anticipations  origin- 
^  formed,  "because  the  supply  in  the  river  bed  was  overestimated, 
AQes  'wliicli  there  were  considerable  defects  in  the  channels  them- 
vea  as  originally  laid  out. 

rhe  ARrater   records  show  that  on  an  average  there  are  273.7  days 
irly   on    vrhich  no  water  is  registered.      The  northern  channels 


Fio.  61.— Palar  anient  system,  ahowingr  main  channels  and  offtak^e. 

receive  a  full  supply  when  there  is  5^  feet  on  the  sill  of  the  weir  under 

sluices,  and  the  southern  channels  not  until  there  is  7  feet  on  that  side. 

The  Palar  River  rises  on  the  Mysore  plateau  and  runs  into  the  ocean 

after  a  course  of  about  220  miles.     There  is  extensive  irrigation  from 

it  by  means  of  river  channels,  which  are  chiefly  provided  with  masonr}'^ 

heads.     The  weir  supplying  the  system  here  described  is  built  at  the 

one  hundred  and  fifty-second  mile,  and  is  situated  about  4  miles 

below  the  famous  town  and  fort  of  Arcot.     The  drainage  basin  of  the 

river  to  this  point  is  about  3,974  square  miles,  the  maximum  flood 

discharge  about  25,000  second-feet,  and  the  maximum  depth  of  flow 

passing  over  the  weir  6.75  feet,  as  before  stated. 

There  is  little  or  no  direct  irrigation  from  the  main  or  branch  chan- 
nels. In  almost  every  case  the  water  is  first  let  into  the  tanks  in 
which  it  is  stored.  These  are  frequently  of  large  size,  as  the  Kaveri- 
pak  tank  on  the  northern  and  the  Dusi  Mamandur  on  the  southern 
side,  which  irrigate  5,870  and  3,050  acres,  respectively.     As  at  pres- 
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ent  constructed,  the  system  contains  on  the  northeri 
irrigating  38,200  acres,  or  about  300  acres  per  tant 
irrigating  14,750  acres,  or  nearly  200  acres  per  tank,  o. 

side.    Ol 
of  these,  i 
Med  bv  I 
manyofthei 
large  sapplie 
local  drains 
is  oon?eyed  to 
various  channel 
ThePalarRiv. 
extremeljobjetii 
one  for  the  suppl} 
large  irrigation  .sj-  - 
B    The    northern  ti^. 
^    sluices  receive  a  : 
supply  only  duru:  i: 
averageof  2-.*'(la}v. 

each  year,  as  tht  L*  - 
are  Ij  feei  abi'Vf : 
sills  of  the  Dortl 
sluices.    The  car'^  -. 
capacity  of  the  nnrtl' 
main  canal  is  nut  i  - 
than  3,140  secoml-f-* 
It  is  215  feet  wide,  -.:• 
ries  4:  feet  in  dep  ii 
water,  and  has  a  fa^ 
3  feet  per  mile.  T: 
southern  main  m^  > 
113  feet  wide,  cam*  i 
feet  in  depth  of  vat* ' 
and  has  a  fall  of  *"' ^^'^ 
per  mile  with  a  ^^ 
charge  of  2,300  swx^i 
feet.    Combining  liit^^ 
results  with  the  nan>" 

of  days  during  ^-i^ 
the    water  supply  ^ 
available  it  will  be  >t^: 
that  the  nort.herncii^ 

nel  carries  140,0i)i^«^^ 
feet  during  the  period  of  full  supply  and  the  southern  chinc^' 
65,000  acre-feet.  These  are  assumed  as  the  volumes  which  detemi: 
the  area  capable  of  being  irrigated. 
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RUSSELL.KONDA  TANK,  BUSHIKULYA  PROJECT. 

lie  Rushikulya  irrigation  system  consists  of  two  canals  drawn 
II  tlie  Kivers  Mah&nadi  and  Rushikulya,  which  are  tapped  by  ani- 
^  l>iiilt  at  the  heads  of  those  canals,  and  the  supply  further  supple- 
ite<i  from  two  reservoirs,  the  Russellkonda  and  Suradd.  The 
Hselllconda  is  formed  by  damming  up  a  valley  in  the  basin  of  the 
ha^na^ll  and  supplying  it  by  an  anient  and  channel  from  the  GuUeri 
'er,  one  of  the  affluents  of  the  Mah&nadi.  The  Surad4  reservoir  is 
istrncted  across  the  Pathama  River,  one  of  the  affluents  of  the 
sliikulya.  The  length  of  the  Mah&nadi  canal  is  19  miles,  while 
it  of  tlie  Rushikulya  to  the  Chatrapur-Berhampur  road  is  57  miles. 
rhe  <lain  (PL  XXVII,  B)  is  entirely  of  earth,  carefully  worked  in 
ers  with  a  puddle  wall  through  the  center  and  carried  up  to  within 
feet  of  the  top  of  the  bund,  as  it  was  considered  essential  to  con- 
Lue  it  above  a  point  where  there  was  less  than  15  feet  of  water 
3ssure  at  F.  T.  L.  The  front  slope  is  carried  up  on  an  average  of 
o-tliirds  of  the  height  of  the  dam  at  a  slope  of  2: 1  and  from  that 
int  at  a  slope  of  1:1,  and  revetted  with  stone-pitching  2^  inches  in 
iekness.  The  rear  slope  is  2^:1  up  to  the  same  height  and  then  is 
ouglit  up  in  the  ratio  of  1^:  1.  The  rear  slope  is  turfed  throughout 
itb  a  "berm  varying  from  10  to  50  feet  wide  at  the  point  where  the 
-eak  in  ratio  of  slope  occurs.  The  settlement  throughout  has  been 
irfectly  uniform,  and  na  slips  or  dangerous  percolation  have  as  yet 
jcurred.  The  maximum  height  of  the  dam  is  75  feet  and  depth  of 
ater  58  feet.  Its  contents  at  F.  T.  L.  will  be  2,295  millions  of  cubic 
iet,  and  it  can  be  supplied  from  the  Gulleri  River  in  thirty-eight 
ays. 

The  head-sluice  (PI.  XXVII,  A)  is  built  of  table-molded  bricks 
nd  ashlar  string  courses  and  ashlar  vents.  The  vents,  three  in 
umber,  are  closed  by  cast-steel  shutters  worked  from  a  platform  by 
rdinary  screw  gearing  with  ball-friction  bearings,  and  can  be  raised 
rithout  difficulty  by  six  men  against  the  maximum  head  of  42  feet  of 
irater.  The  anient  is  of  the  usual  form  adopted  in  the  Madras  Presi- 
lency,  with  a  clear  drop  wall  6  feet  in  height,  with  an  upper  masonry 
tpron,  and  longitudinal  retaining  walls,  all  founded  on  wells,  with  a 
>acked  rough  stone  and  an  adjustable  loose-stone  apron  below. 

The  Mah4nadi  canal  head-sluice  and  scouring  sluices  in  juxtaposi- 
tion thereto  are  built  of  random  rubble  and  pointed  with  surki  mor- 
tar. The  sluices  are  fitted  with  shutters  and  screw  gearings.  The 
Janamalli  anient,  built  at  the  rear  of  the  Rushikulya  canal,  across  the 
river  of  the  same  name,  consists  of  a  main  body  wall  and  a  sloping 
talus  of  rough  stone,  with  one  longitudinal  retaining  wall  and  an 
adjustable  loose-stone  apron  l)elow.  The  water  from  the  Mah&nadi 
canal,  being  passed  into  the  Rushikulya,  is  arrested  by  the  anient  and 
diverted  through  the  Rushikulya  canal  head-sluices,  twelve  in  num- 
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ber.  The  Godahallow  aqueduct,  consisting  of  15  arches  afruw  •  - 
river  of  that  name,  is  40  feet  wide  and  will  carry  a  maxinnun  d  :> . 
of  8  feet  of  water.  The  side  walls  are  of  random  rubble  in  ^  ^^ 
mortar  and  the  arches  of  brick  in  surki  mortar.  A  depth  n«  ei -h*. 
ing  3  feet  has  been  passed  over  it,  sufficient  for  present  reqnipe!B«-'  - 
of  the  irrigation  below. 

ZHARA  KAREZ  IRRIGATION   PROJECT. 

This  scheme  proposes  to  store  in  detached  small  tanks  the  ws-*" 
supply  which  runs  in  the  Machka  Torrent  for  a  month  or  sc>  in  >pnL. 
The  site  of  the  scheme  and  the  catchment  basin  of  the  torrem  ^^ :. 


OLD  KAREZ  TUNNO. 
NCW  KARCZ  TUHMEL 
OLD  KAREZ  CMAMNEL 
MErt  KAKEZ  CKANMEL 


OLD  HAKEZ  UMC 

MEW  KCAO 
TO  KAMOAMAK 
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Fio.  63.— Zhara  Kares  irrigation  project,  Belnchistaii. 

Beluchistan,  in  the  neighborhood  of  Ehojak  Pass.     In  the  winter  ac-* 
snow  generally  falls  on  the  hills  and  after  melting  filtrat-es  thwnjrh '  ^' 
shale  and  runs  off  in  springs  lower  down.     The  bed  of  the  torreni    - 
a  slope  seldom  less  than  1  in  70  where  it  leaves  the  hills;  a  short  •'  * 
tance  lower  down  its  bed  deepens  until  it  is  about  30  feet  below  - 
surface  of  the  plain.     There  is  no  possible  site  for  a  large  reservoir  i 
accordingly  five  small  sites  for  tanks  were  8elect.e€l.     About  six  of  ' 
last  twenty  years  there  has  been  no  winter  supply  in  the  stream.  1 
summer  there  are  occasional  heavy  showers,  but  the  floods  last  b  ' 
few  hours  and  little  or  none  of  their  water  can  be  stored.     The  ta'i»- 
are  to  be  filled  by  small  water  courses  leading  from  the  stream  (fi?-  '^ 
and  the  water  will  then  be  utilized  about  the  1st  of  May  in  givir^* 


-SON-1 


ZHABA   KABEZ   IRRIGATION   PROJECT. 


219 


SKETCH 

or 
KiLA  AboullaTunnll 


KMjiAaouLLA  Ftmr 


100     90 


lal  ^watering  to  rain-sown  wheat  crops,  as  the  spring  rains  are  gener- 

ly  sufficient  up  to  that  time.     When  empty,  the  beds  of  the  tanks 

[11    be    utilized  for  small 

'opB    ^witliout    irrigation. 

here  are  no  distributing 

mals,    as    in  no   case  is 

Qytliing     larger     than    a 

irge  private  watc^r  chan- 

el  necessary. 

Tlie  tanks  are  all  on  a 
omparatively  small  scale, 
lie  maximum  depth  hav- 
ng    been    fixed   at    12   or 
L4    feet.      As  no  clay  was 
ivailable  for  making  pud- 
dle, tlie  top  of  the  bank  is 
3  feet  above  the  full  sup- 
ply level,   and  the  inside 
slopes    are  either   pitched 
witli  bow^lders  or  planted 
with  w^illows.     The  outlet 
sHiice  is  a  simple  concrete 
wall  with  numerous  holes 
0.8  of  a  foot  in  diameter 
placed    at  various  depths 
and     closed     by    wooden 
plugs,  which  can  be  open- 
ed by  hand   from  a  mov- 
able ladder  resting  on  top 
of    the   well.      From     the 
bottom  of  the  well  a  cul- 
vert leads  under  the  em- 
bankment with  stop  walls 
on  the  outside.     There  is 
scareelj^  any  local  drain- 
age to  any  of  the  tanks, 
and  hence  no  large  escapes 
are  necessary.     As  a  pre- 
caution the  top  of  the  well 
ift  only  carried  up  to  the 
full  supply  level. 

Tlie  total  amount  of 
water  available  in  the 
tanks  for  purposes  of  ir- 
rigation,   after    deducting 

losses  by  absorption,  will  be  1,550  acre-feet,  and  this  is  estimated  to 
be  sufficient  to  irrigate  2,570  acres;  from  which  deduct  about  30  per 
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Fig.  64.— Machka  Nulla  Earez. 
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cent  for  the  bad  years,  when  there  will  scarcely  be  any  raisftIL  tl>- 
average  acreage  irrigable  daring  the  dry  season  will  be  abont  1,^* 
To  this  may  be  added  200  acres  of  wet-weather  crop  sown  in  the  tani 
bed.  The  total  cost  of  constructing  this  system  of  tanks  is  e^tii&A^- 
as  being  $2,800,  and  the  total  revenue  is  estimated  to  be  75  cents  pt-r 
acre,  from  which  it  will  be  seen  that  the  scheme  as  a  whole  is  e>rt- 
mated  to  pay  4  per  cent. 

In  1887  the  construction  of  tank  No.  4  was  aathorized,in  additioL  -< 
which  a  tunnel  5,800  feet  in  length  was  authorized  to  be  coni^nKi^l 
under  the  stream  channel,  with  shafts  at  every  50  feet  and  coire: 
passages  around  each  shaft,  with  a  short  piece  of  open  exeav&r.*  i 
900  feet  in  length.  From  the  last  shaft  to  the  surface  of  the  grooiiO 
is  an  open  channel  2,500  feet  in  length  to  connect  the  tunnel  «i:L 
tank  No.  4.  The  object  of  this  tunnel  is  to  intercept  the  subsnifaei* 
drainage  and  thus  insure  a  supply  to  the  tank,  which  will  immeiisely 
increase  its  utility  as  an  irrigating  reservoir. 

For  many  generations  there  has  been  an  old  tunnel  at  this  ^itr^. 
which  frequently  fell  into  decay  and  disuse  until  again  cleaned  mL 
Its  alignment  is  shown  in  the  accompanying  illustration  (fig.  '^> . 
About  the  year  1883  a  portion  came  to  grief  tkroagh  a  flood  fiwlltf 
its  way  down  some  of  the  shafts,  and  since   then  it  was  not  o:^. 
until  its  repair  was  proposed  in  1887.    By  the  latter  part  of  1;sn,  ^ 
shafts  and  a  half  mile  of  the  tunnel  had    been  eomplet<ed.   IV 
water-bearing  stratum  had  been  reached  and  a  discharge  of  hall  a 
second-foot  obtained.     The  old  tunnel  worked  with  a  constant  d^- 
charge  of  9  second-feet  for  forty  years.     As  the  new  channel  is  M 
ter  located  and  in  better  soil,  it  is  estimated  to  ^ve  at  least  as  g**^J 
results  as  the  old  one  did.     The  slope  of  the  tunnel  is  3  in  1,OC!0,  tl- 
sections  3  by  1.7  feet,  or,  say,  5  square  feet,  which  with  a  mean  vtlc*:- 
ity  of  1.8  feet  per  second  wiVL  give  a  maximum  dischai^^  of  9  second- 
feet. 

The  estimated  cost  of  this  work  is  nearly  $4,000.  The  rat<s  paii 
were  10  cents  per  lineal  foot  in  depth  of  shaft  and  20  cents  per  liura 
foot  of  horizontal  tunnel,  the  excavation  being  entirely  in  eartL  Tb- 
returns  estimated  are  as  follows:  Discharge,  9  second-feet;  area  irn- 
gable  by  1  second -foot  or  duty,  150  acres;  rate  per  acre,  II  > 
gross  revenue,  about  $1,600.  The  maintenance  charges  will  amooL: 
to  practically  nothing. 


CHAPTER   IX. 

Rr%rEB  TRAINING  AND  JjANJ)  RECIiAMATION. 

RIVER  CONSERVANCY. 

Ill  connection  with  all  irrigation  works  maintained  on  the  great 
ains  and  deltaic  rivers  of  India,  river  training  and  improvement 
)rks  must  be  constructed  in  order  to  maintain  the  stream  in  the 
lannel  ^which  will  cause  it  to  do  least  injury  to  the  various  irrigation 
3rks.  During  seasons  of  flood  the  branches  of  these  great  rivers 
lange,  as  does  the  Missouri  River,  tearing  into  enormous  tracts  of 
le  Burronnding  country,  and  they  would,  if  not  proi)erly  guided, 
:»8troy  ^reat  x>ortions  of  the  canal  and  remove  hundreds  of  acres  of 
Unable  irrigable  land.  In  addition  to  this  destruction  of  property, 
ley  cause  severe  inundations  during  the  times  of  flood,  which  destroy 
Filaable  crops  and  property. 

These  inundations,  when  of  small  magnitude  and  confined  within 
^asonable  limits,  do  little  harm  and  even  much  good  may  result  from 
liem.  They  do  not  increase  the  healthiness  of  the  neighborhood, 
ut  the  silt  deposited  by  the  water  tends  to  fertilize  the  land, 
hus  enabling  richer  crops  to  be  produced  with  much  less  trouble. 
Autumn  crops  which  lie  along  the  edge  of  inundations  of  this  minor 
lass  are  usually  defended  by  earth  embankments,  which  are  often 
Qiles  in  length.  These  embankments  are  of  no  great  height  or 
;olidity,  and  are  merely  built  in  comparatively  shallow  water  to  save 
he  crops,  but  inundations  of  greater  magnitude,  where  the  waters 
ittain  great  force  and  extend  through  the  heart  of  a  large  district, 
lestroying  houses,  bridges,  and  canals,  and  washing  away  land,  are 
Df  another  kind.  In  providing  a  remedy  for  this  class  of  inundation 
bhe  engineer  must  pos.sess  great  skill  and  patience. 

The  planting  of  Nanel  grass,  which  is  a  long,  coarse  variety  of 
water  grass,  when  the  plantations  are  properly  arranged  and  progres- 
sively made,  gives  one  of  the  best  means  of  reclaiming  parts  of  the 
river  which  are  beyond  the  proper  boundaries  of  the  waterway.     This 
grass  thrives  in  the  streams  of  India,  the  cost  is  much  less  than  that 
of  any  other  treatment,  and  the  reclamation  is  performed  by  the 
action  of  the  river  itself,  by  the  deposition  of  silt  due  to  the  reduc- 
tion of  the  current,  so  that  water  highly  charged  with  silt  at  the  upi)er 
end  of  a  plantation  is  often  found  to  issue  from  the  lower  end  with 
little  or  no  discoloration. 
Above  and  below  the  head-works  of  the  Lower  Ganges  canal  eA 
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Narora  the  river  flows  throngh  a  low  lM>ttom  land  which  Is  limil*^  u 
some  distance  back  from  its  banks  by  a  blaflf  aboot  60  feet  inhtip' 
It  was  immediately  found  necessary  to  oonstmet  training  wott-  ■ 
prevent  the  stream  from  cutting  into  this  bottom  land,  thus  toni.r 
the  end  of  the  weir  from  above,  or  perhaps  cutting  into  the  buk  na 
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Fio.  OS.— Tratnlng  works.  Lower  Oangtn  (bdkI,  Namr*. 

destroying  the  canal  itself  below  the  weir.  These  training  «nrt> 
extend  4  miles  above  the  he^d  of  the  canal  and  about  15  ui'l'^ 
below  it  (flg.  65).  The  works  consist  on  the  upstream  sideof  the«f!r 
of  a  long  earthen  embankment  from  which  other  embankmenlK  "■' 
earth  jut  out  at  right  angles  to  the  course  of  the  stream,  thus  foreiH; 
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irrent  over  to  the  other  side.     At  first  these  embankments,  or,  as 
are    called,    "groins,"  were  constructed  so  as  to  point  down- 
m,  making   an  angle  of  perhaps  45°  with  the  course  of  the  cur- 
but  it  yvsLS  found  that  they  did  not  work  well.     They  have  since 
realigned,  so  that  they  project  at  right  angles  to  the  stream,  and 
►laced  exactly  one-half  mile  apart,  and  they  are  found  to  perform 
work  excellently.     As  yet  none  have  failed 
ose   groins  are  often  very  long,  some  as  much  as  2^  miles  in 
■h.      They  are  simply  straight  embankments  of  earth  10  feet  wide 
i)p,  with,  slopes  of  1  on  2.     The  last  150  feet  at  the  end  of  the 
\,  or   the  nose,  as  it  is  called,  is  paved  with  heavy  stones  to  a 
h  of  2  to  3  feet,  and  at  50  feet  from  the  end  a  spur  50  feet  in  length, 
larly  paved,  is  run  at  right  angles  to  the  line  of  the  bank,  point- 
upstream. 

t  Hard  war,  the  head  of  the  Ganges  canal,  the  river  runs  between 
i,  steep  gravel  and  rock  banks,  on  which  it  is  able  to  make  no 
ression  l>y  erosion,  and  training  works  are  therefore  unnecessary 
>w  the  weir.  Above  it,  however,  the  bed  of  the  stream  is  so  broad 
is  divided  into  so  many  channels  during  the  dry  season  that  it  is 
essary  to  construct  extensive  training  works  to  keep  open  a  per- 
aeut  channel,  known  as  the  Hard  war  Channel,  which  passes  in  front 
he  head  of  the  canal  and  supplies  it  with  water.  The  fall  of  the 
er  above  the  head-works  is  8  feet  per  mile,  and  at  low-water  stage 
las  a  velocity  of  6  feet  per  second.  This  velocity  is  many  times 
•ater  in  periods  of  flood.  As  shown  in  the  plan  of  the  head-works 
Ilardwar  (fig.  18),  the  training  works  consist  of  bars  sunk  into  the 
er  channels  to  prevent  the  retrogression  of  grades  and  the  conse- 
ent  destruction  of  the  dams;  of  weirs  to  turn  the  water  into  the 
irdwar  channel;  of  rectangular  groins  projecting  into  the 'river 
nilarly  to  those  on  the  Lower  Ganges  canal,  in  order  to  keep  the 
iter  in  the  Hardwar  Channel;  and,  lastly,  of  embankments  of  bowl- 
rs  to  protect  the  weaker  portions  of  the  river  banks.  Great  difficulty 
IS  been  encountered  in  maintaining  the  int^grit}'^  of  the  noses  of  the 
•oins,  as  the  heavy  floods  undercut  these  and  cause  them  to  fall  into 
le  river.  Great  concrete  blocks  3  by  5  by  2  feet  in  dimensions,  weigh- 
ig  2  tons  each,  are  first  dropped  into  the  river  as  a  foundation  for  the 
roins.  When  these  reach  the  water  surface  the  end  of  the  groin 
•  built  up  of  loose  concrete  blocks  in  a  regular  manner,  and  the 
3mainder  of  the  groins,  constructed  of  bowlders,  is  run  back  from 
iiis  end.  As  the  floods  wash  away  the  foundation  blocks  the  built-up 
»ortion  of  the  groin  falls  in  and  replaces  them,  furnishing  a  new 
oundation,  and  this  in  turn  is  itself  replaced.  Thus  in  the  course  of 
i  few  years  the  bed  of  the  river  becomes  filled  to  such  a  depth  with 
hese  blocks  that  further  destruction  ceases  to  take  place,  and  the 
groins  will  then  stand  for  many  years. 
At  the  head  of  the  Agra  canal,  at  Okhla,  the  weir  which  diverts  the 
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water  into  the  canal  head  is,  as  before  described,  constra^ed  of  !»■• 
hand-placed  rocks,  and  to  preserve  its  integrity,  and  at  thesuneih 
to  train  the  course  of  the  Jiimna  River  toward  its  right  lank  u 
against  the  head  of  the  canal,  groins  of  a  peculiar  form  of  eun^n, 
tion  are  run  out  at  right  anglet*  to  the  line  of  the  weir  (fig.  ^'i- 
parallel  to  the  tvurse  of  the  river.     These  works  are  known  u  "& 


Plo.  M.— T™lnii^  TTorks.  Agra  canal,  Okhla. 

gator  groins"  from  their  peculiar  form,  which  somewhat  resem^- 
that  of  an  alligator.  They  are  constructed  of  loose  stones  Jumpr- 
into  the  river  without  any  foundation  on  which  to  reati,  the  lop  Ji 
sides  of  the  groins  being  carefully  hand  laid,  so  as  to  give  themsli^ii- 
and  integrity.  The  floods  annually  wash  away  portions  of  '1"^ 
groins  at  first  and  during  low  season  they  ha%'e  to  be  repaireil.  I'f 
like  those  on  the  Qanges  canal,  in  the  course  of  a  few  years  the  ms* 
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k  TinderlyiDg  the  groin  becomes  so  great  that  repairs  rapidly 
jIhIi  in  amount  or  entirely  cease  to  be  necessary.  The  tendency 
^  water  in  the  river  is  to  flow  in  a  direction  nearly  parallel  to  the 
>f  the  weii  and  toward  the  under  sluices,  thus  destroying  the 
Tliese  groins  cause  portions  of  the  water  to  flow  ov^er  the  weir 
:ht  angles  to  it,  thus  doing  it  no  injurj\  Other  x)ortions  of  the 
ni  are  forced  over  against  an  island,  indicated  in  the  accompany- 
late,  and  tend  to  remove  it,  at  the  same  time  furnishing  a  supply 
le  canal  liead. 

(>oiil>ill8,  or  legs,  are  run  out  from  the  groins  at  right  angles,  and 
•m  10  feet  in  width  is  built  around  the  end  of  the  groin  and  the 
nbill.  The  portion  annually  destroyed  is  the  berm.  This  falls 
the  river,  leaving  the  main  body  of  the  groin  intact.  The  top 
le  ^roiii  is  built  at  an  elevation  of  1  foot  above  highest  flood 
I,  and  the  top  of  the  spoonbill  is  7  feet  below  flood  level. 

LAND  RECLAMATION. 

^<H>d  deal  has  been  done  in  some  of  the  more  swampy  x>ortions  of 
a  tow^ard  the  reclamation  of  swamps  and  their  conversion  into  valu- 
i  agricultural  properties.  This  reclamation  has  been  most  exten- 
ily  practiced  in  what  are  known  as  "duns,"  especially  because  it 
reases  the  healthf  ulness  of  these  regions  by  substituting  for  marshes 

land  under  cultivation.  Swamp  reclamation  has  been  practiced 
various  parts  of  the  United  States  and  the  methods  are  essentially 

same  in  character  as  those  employed  for  the  same  purpose  in 
lia. 

a  r<M*lainiiug  mat's!!  laiids,  such  as  those  in  the  "duns,"  it  liasl)eeu 
isidered  usually  essential  first  to  make  a  complete  survey  of  the 
Cion  in  order  to  discover  the  sloi)e  of  the  lands  in  the  direction  in 
lieh  cuttings  for  the  purpose  of  drainage  can  best  be  made.  The 
es  on  which  the  drainage  cuts  shall  be  made  having  been  laid 
wn,  it  remains  simply  to  so  design  these  cuts  that  they  shall  com- 
ind  the  gross  area  of  the  swamp  in  the  most  economical  manner,  and 
all  completely  remove  the  water  from  it.  Some  of  these  drainage 
>rk8  have  added  thousands  of  acres  of  valuable  land  to  the  agri- 
iltural  regions,  and  have  changed  fever-stricken  neighborhoods  to 
*althy  cultivated  fields  where  fevere  are  scarcely  known.  The  finan- 
al  returns  from  some  of  these  works  have  been  even  greater  and 
ore  satisfactory  than  those  from  irrigation  works  proper,  and  i-ecla- 
lation  works  of  this  character  are  now  prosecuted  in  India  with  as 
luch  zest  as  is  the  construction  of  canals  or  storage  works. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Division  op  Hydrography, 
Washingto7iy  D.  C. ,  March  30,  1903. 

x\  I  have  the  honor  to  transmit  herewith  a  manuscript  by  George 
^ollister  and  Marshall  O.  Leighton,  relating  to  a  serious  flood  in 
Passaic  River  basin  in  northern  New  Jersey  in  February  and 
eh,  1902,  and  recommend  its  publication  in  the  series  of  Water- 
ply  and  Irrigation  Papers. 

he  region  affected  by  the  flood,  although  a  limited  ai'ea,  contains, 
poximately,  one-third  of  the  population  of  the  entire  State.  Owing 
s  proximity  to  the  city  of  New  York  and  to  its  natural  advantages  of 
-water  frontage  and  water  powers,  it  contains  not  only  many  attract- 
residential  suburbs,  but  also  important  commercial  and  manufac- 
iig  centers.  The  vested  capital  and  community  interests  are  large, 
i  it  is  therefore  desirable  that  the  occurrence  and  progress  of 
at  floods  in  the  drainage  area  be  thoroughly  understood.  This 
estigation  into  the  most  disastrous  flood  ever  known  in  the  Passaic 
lley  is  of  timely  interest  to  all  classes  of  citizens  dwelling  on  low- 
ds  subject  to  floods. 

Very  respectfully,  F.  H.  Newell, 

Hyd  rographer. 
Ion.  Charles  D.  Walcott, 

JHreciar,  United  Stcdes  Geological  Surrey. 


THE  PASSAIC  FLOOD  OF  1902. 


By  G,  B.  IIOLLiSTER  and  M.  O.  Leighton. 


INTRODUCTION. 

T^ate  in  February  and  early  in  March,  1902,  there  occured  upon  the 
rainage  basin  of  the  Passaic  River  in  northeastern  New  Jersey  the 
lost  disastrous  flood  in  the  history  of  the  region.  Not  only  was  the 
iscliarge  the  largest  recorded,  but  the  flood  was  the  most  destructive 
f>  life  and  property  in  the  settlements  ever  known  along  the  valley. 

In  tlie  following  pages  it  is  proposed  to  outline  the  history  of  tliis 
loocl,  describe  the  conditions  under  which  it  occurred,  give  the  esti- 
nated  volume  of  its  discharge,  and  indicate  as  well  as '  possible  the 
lature  and  extent  of  the  damage  resulting  from  it. 

The  data  and  information  embodied  in  the  following  report  were 
)btained  by  i)ersonal  observation  while  the  flood  was  in  progress  and 
ifter  it  had  subsided  and  from  various  water  companies,  manuf actur- 
3rs,  and  residents  of  the  flooded  areas.  Acknowledgments  ai^e  espe- 
cially dne  to  Mr.  J.  H.  Cook,  of  Paterson,  engineer  for  the  Society  for 
the  Establishment  of  Useful  Manufactures;  to  Mr.  M.  R.  Sherred, 
engineer  of  the  water  department  of  the  Newark  board  of  public 
works;  to  Mr.  R.  M.  Watson,  of  Wise  <fc  Watson,  engineers  of  Pas- 
saic; to  Mr.  C.  C.  Vermeule,  from  whose  valuable  report  on  the  wat^r 
supply  of  New  Jersey  much  data  hatve  been  taken  regarding  the 
physical  condition  of  the  watersheds,  and  to  others  whose  help  or 
suggestions  have  been  of  value. 

As  the  I'egion  under  discussion,  though  comparatively  restricted,  is 
an  iniport.ant  one  owing  to  its  dense  population  and  rapidly  increas- 
ing industrial  development,  and  as  the  physical  and  physiographic 
conditions  governing  high-water  stages  on  the  Passaic  watershed  are 
peculiar,  it  is  deemed  necessary  for  a  full  understanding  of  the  jiresent 

flood  to  descril)e  briefly  thoir  most  important  features. 

I>B8CRIPTION  OF  PASSAIC  BASIN. 

The  Passaic  River  is  the  most  important  stream  in  the  State  of  New 
Jersey.  Its  drainage  basin  covers  949.1  square  miles,  about  81S  of 
which  are  in  the  northeastern  portion  of  the  State  of  New  Jersey,  while 
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132  are  in  the  State  of  New  York.  On  or  near  its  banks  are  loeat<e«: 
the  cities  of  Paterson,  Passaic,  Newark,  Orange,  £ast  Orange,  aL<: 
Jersey  City,  the  population  of  which  combined  with  that  of  adj^rLt 
towns  and  boroughs  equals  over  500,000,  or  about  one-third  thepopa 
lation  of  the  State  of  New  Jersey.  The  quantity  of  sewage  dischar^c^l 
from  this  district,  with  its  great  x>opulation,  centered  in  the  lover 
part  of  the  drainage  area,  is  extraordinary,  and  the  industries  earrV*! 
on  in  the  different  communities  contribute  enormous  amonnt^  ■•! 
manfacturing  refuse,  all  of  which  is  turned  into  tbe  stream.  Tlf 
results  of  this  wholesale  deposit  of  filth  are  that  for  the  last  ^)  mlW 
of  its  course  the  river  presents  one  of  the  most  aggravated  case?*  •' 
pollution  to  be  found  in  the  United  States." 

The  water  powers  of  the  Passaic  were  among  the  first  used  in  tL* 
country.  The  Society  for  Establishing  Useful  Manufactures  wi* 
formed  in  1791,  for  the  purpose  of  developing  the  large  power  exisiiii;: 
at  the  Great  Falls  of  the  Passaic  in  the  city  of  Paterson  (PL  h  Bi 
Other  powers  of  less  extent  are  found  and  improved  at  Pompton, 
Boonton,  Little  Falls,  Dundee,  and  elsewhere  on  the  drainage  areft. 

The  water  of  the  river  is,  however,  of  greatest  value  for  muni--- 
ipal  supply.  It  is  already  largely  used  for  this  purpose,  and  ^iii*- 
demands  of  a  rapidly  growing  X)opulation  in  the  cities  of  northeix 
New  Jersey  require  that  a  proportionately  greater  amount  shall  t* 
set  aside  from  year  to  year. 

The  drainage  area,  as  seen  from  PI.  II,  falls  naturally  into  thn*- 
broad  topographic  divisions,  viz,  the  Highland  area,  the  central  hstsin. 
and  the  lower  valley. 

THE  HIGHLAND  AREA. 

The  Highland  area  is  the  main  gathering  ground  of  the  t^ihatar:<e^, 
whose  united  catchment  basins  cover  510  square  miles  or  53  per  wnt 
of  the  entire  drainage  area.  It  is  a  mountainous  region  composed  •: 
granitic  and  crytalline  rocks  which  extend  in  a  belt  running  north 
easterly  through  northern  New  Jersey  into  New  York  State,  with  a 
width  in  New  Jersey  of  from  15  to  20  miles.  The  region  has  a  grt- 
eral  altitude  of  from  1,000  to  1,500  feet  above  sea  level,  and  represent-- 
the  remnant  of  an  old  and  much  dissected  plateau.  Owing  to  inu^DSr 
metamorphism  and  folding  of  the  rocks  and  to  subsequent  eroe^<>n. 
the  highlands  lie  in  ridges  which  follow  a  generally  northeast-s'ju'V 
west  trend.  These  ridges  are  transveraely  trenched  hy  the  the  main 
arteries  of  the  tributaries  in  steep-sided  valleys  whose  bottoms  V^ 
from  300  to  GOO  feet  below  the  crests.  The  most  important  tributAri** 
which  occupy  this  region  are  the  Ramapo,  Wanaqne,  Pequana-, 
Rockaway,  Whippany,  and  a  small  portion  of  the  upper  waters  of  Th» 
Passaic  proper.  Ui)on  it  are  also  a  number  of  lakes  and  artifi<'".ti 
reservoii's,  the  latter  built  by  water  companies,  which  afford  consider- 
'  able  storage. 


«See  Water-Supply  and  Irrigation  Paper  No,  78. 
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cli  of  tlie  area  has  a  covering  of  glacial  drift,  which  is  thick  in 
locAlities.     In  the  southern  portion,  closely  following  the  gorge 
3  Roclcaway  River,  the  terminal  moraine  of  the  great  continental 
:^r  <*roBses  the  Highland  area. 

t*  Iligtilnnds  are  of  little  value  for  farming  purposes,  except  in 
ortion  composed  of  Paleozoic  rocks  (see  PI.  11).  Their  rugged 
irraphy,  their  thin  soil,  and  the  prevalence  of  large  glacial  bowl- 
whicli  in  places  literally  cover  the  surface,  are  discouragements 
jreat  to  be  overcome,  and  the  region  has  thus  of  necessity  been 
in  forest.  This  lack  of  agricultural  development  is  doubtless 
due  to  the  fact  that  large  tracts  are  controlled  by  individuals 
corporations  looking  toward  the  -development  of  the  extensive 
ore  deposits  which  are  present  in  the  region. 
•oni  tlie  hydrographic  standpoint  the  presence  of  forests  is  of  much 
e,  as  the  Highland  tributaries  are  all  clear-flowing  streams  with 
nimum  of  sediment  as  contrasted  with  the  more  turbid  waters  of 
main  stream. 

iie  percentage  of  forests  over  the  Highland  region  varies,  being 
ktest  north  of  the  terminal  moraine,  where  it  ranges  from  75  to  90 
cent.  South  of  the  moraine  the  territory  is  well  cultivated,  and 
forests  occupy  30  per  cent  of  the  area. 

wing  to  the  general  rugged  nature  of  the  region  and  the  thin  soil, 
population  amounts  to  only  64  to  the  square  mile,  and  is  largely 
centrated  in  a  few  towns,  the  most  important  of  which  are  Boon- 
,  Dover,  Rockaway,  Butler,  Bloomingdale,  and  Newfoundland; 
remainder  of  the  area  is  practically  unsettled. 

THE  CENTRAL  BASIN. 

Adjoining  the  Highlands  on  the  southeast  lies  the  central  basin,  a 
rked  depression  8  to  12  miles  wide  and  32  miles  long,  bounded  on 
>  west  by  the  easterly  escarpment  of  the  Highlands,  which  rise  in 
id  relief  about  700  feet  from  the  floor  of  the  basin,  and  on  the  north- 
it  and  south  by  the  crescent-shaped  and  concentric  ridges  of  the 
atchung  or  Orange  Mountains,  which  rise  with  almost  equal  bold- 
ss,  but  to  an  altitude  somewliat  less.  Geologically  the  floor  of  the 
sin  is  composed  of  Triassic  sandstones  and  shales,  which  are  much 
ft«r  than  the  hard  rocks  of  the  surrounding  crystalline  Highlands 
d  the  trap  ridges  of  the  Watchung  Mountains.  A  few  small  trap 
iges  are  found  within  the  basin.  PI.  II  shows  the  general  relations 
these  rocks. 

Through  processes  of  erosion  several  hundred  feet  of  the  Triassic 
udstones  have  been  washed  away  in  this  area,  so  that  in  general  the 
>or  now  stands  at  an  elevation  of  about  1 80  feet  al>ove  tide  water. 
An  important  feature  of  the  central  basin  is  the  large  area  occupied 
i  marsh  or  wet  lands,  which  are  easily  flooded  even  in  moderate  rises 
I  the  stream,  and  which  become  widely  submerged  in  extraordinary 
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floods.     Their  extent  is  29,308  acres,  or  17  per  cent  of  the  am*  .if  l- 
basin.     The  distribution  of  the  wet  lands  is  hs  follows:* 

Wet  lands  in  Passaic  Btunn. 

k-- 

On PaaBaic  Biver  above  Chatham  _ it"- 

On  P&ssaic  BiTer  from  Chatham  to  Two  Bridges,  incloding  Whippanr  asd 

Bockaway ..  *' 

On  Pompton  Biver  above  Two  Bridges - 

On  Passaic  Biver  from  Little  FaUs  to  TwoBrid«:es .      '*■ 


Total  above  Little  Falls 


•^  ■  * 


It  has  been  satisfactorily  demonstrated   that  during  and  f<"  n: 
indefinite  period  after  the  Glacial  epoch  tlie  basin  was  oeenpi^l  ^y 
large  body  of  water,  approximately  200  square  miles  in  extent,  wV 
has  been  geologically  designated  as  **Lake   Passaic."*   Eit<^i>i - 
morainal  deposits  at  the  outlet  of  the  basin  near  Little  Fal]^  ^. 
Paterson,  with  the  possible  assistance  of  masses  of  ice,  fonml  :.- 
barrier  which  kept  the  waters  of  the  lake  in  place.     Evidence*  nf  L  • 
phase  of  the  region's  history  is  found  in  the   widespread  laeu><M* 
deposits,  which  are  responsible  for  the  remarkable  flatne^of  tbr^u: 
face  over  the  northern  half  of  the  basin,  the  striking  contrast  of  »h  r 
to  the  surrounding  mountains  has  already  been  mentioned.   Fi:r  ' 
evidences  of  the  Glacial  lake  stage  are  also  found  in  the  great  mskT-l-^ 
which  have  remained  to  the  present  day.     PI.  Ill,  taken  from  S-*^  - 
Mountain  at  Singac,  looking  north  to  west,  shows  the  portion  of  'i 
wet  lands  in  the  middle  part  of  the  central  basin;  it  also  shi^v^  :^^ 
central  section  of  the  valley  formerly  occupied  by  Lake  Passaic. 

The  Passaic  River  proper  passes  through  this  l>asin,  enterin;  '  *' 
a  small  stream  in  the  southwestern  portion  and  flowing  ^n^^rtL 
northward  in  a  meandering  course  until  it  crosses  the  barri^'  - 
Second  Mountain  at  Little  Falls,  and  First  Mountain  a  fe«  n;  > 
farther  north,  at  Great  Falls,  Paterson.  The  drop  in  the  first  ifl^t. .  ^ 
is  about  40  feet,  and  in  the  second  70  feet.     (See  PI.  r\",  A  awi  i" ' 

Into  this  central  l>asin  the  principal  tributaries,  with  oneenvp:  •: 
discharge  their  waters,  and  as  the  gradients  of  all  of  them  arr-  ^tr- 1 
after  heavy  rains  they  quickly  pour  into  the   flat  area  such  a  ^»'i  i> 
of  water  that  it  is  unable  to  pass  the  outlet  at  Little  FalKani ' 
days  and  even  weeks  large  portions  of  the  wet  lands  remain  un 
water. 

The  terminal  moraine  of  the  great  glacier,  which  was  noiict^i  ii.  • 
Highland  area,  is  also  found  in  this  portion  of  the  watershe*!.  ^^ 
it  crosses  in  a  line  of  low  and  much  confused  hills  ext^ntlin?  f'^'^ 
Summit  to  Morristown. 

The  central  basin  is  an  agricultural  country-  with  relativeiy 
centers  of  population,  the  most  important  bein^  Morristown,  Suibi 
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t«li«^ui,  Madison,  Morris  Plains,  Pompton,  and  Whippany.  The 
^il»t.ioii  is  120  to  the  square  mile,  and  29  per  cent  of  the  area  is  in 
^«t.  ITie  £a8t  Jersey  Water  Company  maintains  a  pumping  station 
-.it»t.lo  Falls,  from  which  x)oint  approximately  63,000,000  gallons  of 
ei-  x>^''  day  are  taken. 

lio  physiographic  features  most  affecting  the  hydrography  of  this 
t  ioix  of  the  watershed  are,  first,  the  narrow  gorge  of  the  river  at 
lie  l^^alls,  which  quickly  becomes  congested  in  times  of  flood  (PI. 
^  Miiid  i?),  and,  second,  the  large  expanse  of  the  wet  lands  and 
I  l\i5  level-lying  valley  floor,  which  are  easily  submerged  when  the 
.^eHtion  at  Little  Falls  takes  place  (PI.  III). 

clt^Kough  the  frequent  flooding  in  the  central  basin  works  consider- 
e  Hardship  and  even  loss  to  the  farming  class  there  located,  it  is 
rertHeless,  a  feature  which  has  a  beneficial  effect  upon  the  lower 
tion  of  the  valley  beyond  Paterson,  as  it  provides  natural  storage 
Skeeumulated  waters  and  prevents  widespread  fioods  in  the  thickly 
L^bited  manufactunng  and  suburban  districts  in  the  lower  valley. 

THE  LOWER  VALLEY. 

After  heaving  the  short  series  of  rapids,  falls,  and  quiet  stretches 
>iii  I^ittle  Falls  to  Paterson,  the  river  enters  the  lower  valley  through 
licli  it  flows  to  its  mouth  at  Newark  Bay.  The  drainage  area  of  this 
c5tioii  to  Little  Falls  is  178  square  miles,  the  main  stream  being  29.1 
ilea  long.  Nine  and  one-quarter  miles  below  Paterson  it  receives 
}  only  important  tributary  in  the  lower  valley,  viz.  Saddle  River, 
liich  has  a  dtainage  area  of  60.7  square  miles.'  Just  above  the 
outh  of  this  stream,  at  Dundee,  the  waters  of  the  river  are  held  by  a 
*Tn  450  feet  long,  whose  crest  is  27  feet  above  mean  tide.  For  4 
iles  below  this  dam  the  river  has  a  total  drop  of  6  feet  to  Passaic, 
•cm  which  point  13^  miles  to  Newark  Bay  it  is  a  narrow  tidal 
jtuary. 

The  right  bank  of  the  river  at  Passaic  is  a  low  bench  and  it  is 
ooded  in  times  of  very  high  water.  A  large  portion  of  the  manu- 
urturing  section  of  the  city  of  Passaic  is  located  here,  and  most  of  the 
ijury  sustained  by  the  1902  flood  was  caused  by  the  destruction  of 
lerchandise  on  the  lower  floors  of  the  factories  and  warehouses.  On 
[lo  left  bank  of  the  stream,  opposite  the  cit}"  of  Passaic,  is  another 
ow-lying  area,  forming  a  basin  which  was  evidently  occupied  by  the 
treani  in  earlier  stages.  The  general  level  of  this  area  lies  but  a  few 
eet  above  tide  water,  and  is  likewise  subject  to  overflow.  It  is  the 
ite  of  the  borough  of  Wallington,  a  residence  district.  About  mid- 
vay  in  its  extent  from  north  to  south  this  flat  is  crossed  by  the  main 
ine  of  the  Erie  Railroad  on  an  embankment  of  gravel  and  other  mate- 
rial. The  embankment  ends  at  the  left  bank  of  the  river. 
One  of  the  important  features  of  the  lower  valley  is  its  great  popu- 
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lation,  which  hsm  been  concentrated  there  by  reason  of  Um;  utcv 
advantages  of  ite  water  front  on  the  lower  Passaic,  tbe  ^m^^ 
PaterHon  and  Passaic,  and  the  proximity  to  New  York  Tity.  I 
the  district,  which  has  an  area  of  about  60  square  milo.  xh^  r 
over  forty  cities,  towns,  and  boroughs,  representing  a  comWBed  ^«v 
Uition  of  about  4,200  per  square  mile.  Municipal  improvement? n 
accompany  the  growth  of  population  influence  the  drainage  »•!  • 
area  to  some  extent,  by  reason  of  the  construction  of  htfsf  »^»- 
paved  and  macadamized  roads  which  constitute  "  quick  hpi_. . 
surfaces. 


J^  mi/e- 


^m^ 


/^/77//cS 


r2) 


zy^mtVcs 


Pig.  1.— Croaa  sections   of  Paasaio  VaUey  from  ClifUm   to  Kewark.  1.  At  Oift'«   - ' 
DelAwanna,  5^  miles  below  CUfton.    a  At  North  Newark,  lOi  nUles  belov  CUftw   ^  •^' 
wark.  Hi  miles  below  Clifton. 

A  striking  feature  of  the  lower  course  of  the  river,  which  especi^ 
affects  it  in  times  of  flood,  is  found  in  its  ph ysio^rapUc  wUtv'- 
From  Paterson  to  Passaic  the  stream  flows  in  a  wide  open  '^W^' 
ley;"  but  from  Passaic  to  its  mouth,  contrary  to  usual condii.'* 
its  valley  assumes  more  and  more  the  aspect  of  younger  topopaP' 
until  when  near  its  mouth,  just  above  Newark,  it  follows « QA^r 
canyon-shaped  opening  whose  sides,  especially  on  the  eastern  ^^^ 
are  precipitous.     Attention  in  this  connection  is  called  to  the*^'''' 
profiles  in  fig.  1,  made  at  different  points  from  Clifton  and  SfW" 
and  to  the  accompanying  table  of  widths  at  the  100-foot  contour/'" 
which  the  cramping  of  the  valley  is  readily  appreciated. 

Physiographic  phenomena  in   the  neighborhood  of  Passaif »' 
Rutherford,  together  with  the  striking  aspect  of  the  lower  v»lk' 
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t>oux  to  indicate  that  in  pre-Glacial  times  the  stream  discharged  its 
ra,t,en-8  through  the  gap  in  the  low  sandstone  ridge  at  Rutherford  now 
<5<_-iij>ied  by  the  Erie  Railroad,  and  that  the  lower  valley,  from  New- 
.rlv.  t.o  Passaic,  drained  northward  through  a  small  tributary  which 
oino<i  the  main  stream  at  Rutherford,  but  owing  to  the  obstruction 
>T  l.li^  river  by  extensive  glacial  filling  ac^ross  its  bed  in  the  notch  at 
^iit/lierford,  it  was  forced  to  seek  a  new  outlet  through  the  valley  of 
V  ti-ilDutary  meeting  it  from  the  south. 

AVliether  this  l)e  the  explanation  of  the  narrowness  of  the  lower 
Vivlley  or  not,  the  restricted  limits  of  this  section  have  an  important 
L>e<^i*i]ig  upon  the  action  of  the  stream  in  times  of  flood,  producing  a 
eoTi  j2;©8tion  of  the  waters  in  excessive  freshets  which  has  been  of  great 
X^ecMiniary  damage  to  the  city  of  Passaic  and  the  surrounding  districts. 
•^riie  l>uilding  of  docks  at  Newark  and  the  erection  of  solid  masonry 
pierH  for  bridges,  together  with  a  number  of  elevated  causeways  for 
IviTiipikes  crossing  the  stream  and  flat  lands  adjacent,  have  still  fur- 
tlier  narrowed  the  already  too  limited  outlet  below  Passaic. 

T^ike  the  central  basin,  the  floor  of  the  lower  valley  is  composed  of 
Hof t  Triassic  sandstones,  more  or  less  overlain  by  glacial  drift. 

TR1BUTARIK8  OF  PASSAIC  RIVER. 

SADDLE  RIVER. 

In  ascending  the  Passaic  from  its  mouth.  Saddle  River  is  the  first 
and   only  tributary  of  size  in  the  iDwer  valle3^     This  stream  rises  in 
New  York,  3  miles  north  of  the  State  line,  flows  almost  due  south  for 
17  miles,  and  reaches  the  Passaic  at  Garfield.     Its  course  is  wholly  in 
the  red-sandstone  area,  which  is  thickly  covered  with  glacial  drift. 
It  lias  an  average  fall  of  34.1  feet  per  mile.     Its  catchment  area 
amounts  to  60.7  square  miles.     The  country  which  it  drains  is  a  fer- 
tile farming  land,  with  a  population  of  122  to  the  square  mile,  and  28 
per  cent  of  its  area  is  still  forest.     Floods  on  this  stream  rise  rapidly, 
remain  high  but  a  few  hours,  and  decline  as  quickly  as  they  arise; 
the  most  severe  floods  occupy  from  one  to  two  days. 

RAMAPO  RIVER. 

The  Ramapo  rises  in  Orange  County,  N.  Y.,  upon  the  crystalline 
highlands  and  Paleozoic  areas;  it  cuts  the  trend  of  the  crystalline 
ridges  in  a  deep  gorge,  falling  280  feet  in  16  miles,  from  Turners  to 
Suffera,  above  which  point  it  drains  112.4  square  miles.     Entering 
New  Jersey  at  Suifern,  it  reaches  the  sandstone  area  and  flows  12  miles 
to  Pompton  along  the  contact  of  the  sandstone  and  the  crystalline 
rocks,  with  a  fall  of  5.7  feet  to  the  mile.     Its  tributaries  in  this  stage 
ai'e  few,  and  are  mostly  from  the  precipitous  slopes  of  the  highlands  on 
its  right  bank,  so  that  the  river  as  a  whole  may  b<»  regarded  as  a  high- 
land stream.     At  Pompton,  10  miles  below  Suffern,  the  river  passes 
over  a  natural  fall,  increased  by  a  dam  to  23  feet  in  height  (PI.  VI,  A) ; 
above  this  dam  there  is  a  pond  202  acres  in  extent. 
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After  jmssing  the  dam  at  Pompton  the  Ramapo  enters  th^  ^\  r^ 
basin  and  joins  the  Pequanac  and  Wanaque  to  form  the  Potl^* 
River.     The  stream  is  well  adapted  to  the  development  of  pjw*^,  a.. 
several  hundred  horsepower  upon  it  are  already  improvel;  7"  > 
cent  of  the  area  is  in  forest,  and  the  population  is  5S  to  the  stiHj-^ 
mile. 

^VANAQUE  RIVER. 

Joining  the  watershed  of  the  Ramapo  on  the  sonth  and  wm    - 
the  drainage  basin  of  the  Wanaque;  the  topography  of  its  wne^- 
is  almost  identical  with  that  of  the  former  stream,  and  its  w»i«^>  - 
gathered  entirely  from  the  Highland  area;  its  source  is  Greeiiw  . 
Lake,  a  lake  of  glacial  origin,  which  lies  between  heavily  w^k* 
mountains  and  was  formed  by  the  accumulation  of  drift  aen^^ 
narrow  valley.     It  is  6  miles  long  with  a  uniform  breadth  of  five-eir^  » 
of  a  mile.     It  has  a  surface  area  of  1,920  acres  and  an  altitude  <i'  . 
feet  above  sea  level.     At  its  outlet  is  a  stone  dam  181  feet  long  nr.    • 
feet  high.     From  Greenwood  Lake  the  river  has  a  length  of  b  s  ^ 
with  a  general  southerly  course,  mostly  through  longitudinal  v.i . .  • 
of  the  crystalline  Highlands,  until  it  emerges  at  Pompton  ami  ^i>^ 
the  Central  Basin,  where  it  joins  the  Pequanac  and  Ramapo  U>  f 
the  Pompton.     From  Greenwood  Lake  to  its  junction  with  theP'f*,  . 
nac  it  falls  451  feet,  or  about  26  feet  to  the  mile;  80  per  cent  of  : 
area  of  its  watershed  is  in  forest,  and  its  population  is  but  3:.^  \: ' 
square  mile. 

PEQUANAC  RIVER. 

The  watershed  of  the  Pequanac  also  lie^ entirely  in  the  Hisrii'ii  • 
and  adjoins  that  of  the  Wanaque  on  the  south ;  in  the  topograp-i: 
its  watershed  and  in  its  general  characterLstics  it  closely  resemble-' 
area  drained  by  the  Wanaque  and  Ramapo.     The   Pequanac  b.^- 
length  of  31  miles  and  rises  on  the  western  portion  of  the  Uighland  1- 
which  it  crosses  to  the  east  in  a  narrow  gorge;  it  lias  an  average-:' 
of  35.1  feet  to  the  mile,  falling  about  1,100  feet  from  source  to  m^* 
From  a  point  2  miles  above  its  mouth  to  Newfoundland,  a  distAL" 
12^  miles,  the  fall  is  4o  feet  to  the  mile. 

The  Pequanac  River  has  been  extensively  utilized  as  a  soun*^ 
public  water  supply;  it  has  natural  storage  in  several  ponds  of  r  ■• 
erate  size  upon  its  drainage  area,  and  in  the  following  thrw  1.:^ 
reservoirs  built  by  the  East  Jersey  Wat.er  Companies;    Oak  K  - 
reservoir,  16  miles  from  its  mouth,  with  an  area  of  383  acres;  CHt' 
reservoir,  13  miles  from  its  mouth,  with  an  area  of  423  acres,  aml^ 
istear  reservoir,  about  23  miles  above  its  mouth,  with  an  area  of 
acres.     The  water  collected  in  these  reservoirs  is  conducted  in  '' 
open  stream  to  the  Makopin  intake,  a  small  reservoir  9.5  mile^  a!*- 
the  mouth,  having  an  area  of  12  acres;  from  this  point  it  is  coiitlm 
to  the  city  of  Newark  in  a  steel  conduit.     Seventy-five  per  cent  ♦>:  * 
ftrea  of  its  w«,tershed  is  in  forestr 
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ROCKAWAY  RIVER. 

third  tributary  on  the  Highland  area,  whose  drainage  area  lies 
ost  wholly  in  the  Highlands,  is  the  Rockaway;  its  area  adjoins 
i  of  the  Pequanac  on  the  south;  it  is  40  miles  long  from  source  to 
I  til  and  has  a  fall  of  780  feet  or  19.5  feet  per  mile.     It  has  exten- 

storage  facilities  in  natural  ponds,  among  them  Splitrock  Pond, 
ons  Pond,  Denmark  Pond,  Green  Pond,  and  Opennaki  Lake, 
ower  is  developed  at  Boontou  on  the  edge  of  the  Highlands  9  miles 
ve  its  mouth,  and  is  second  only  to  those  at  Paterson  and  Little 
Is.     Like  the  Pequanac  its  course  is  across  the  Highland  ridges, 

it«  f aU  is  less  uniform  than  that  of  the  last-named  stream.  Above 
mton  the  stream  drains  118  square  miles,  the  population  of  which 
13  to  the  square  mile;  82  per  cent  of  the  area  is  in  forest.  As  the 
?ain  leaves  the  Highlands  at  Boonton  it  has  a  rapid  fall  to  Old 
)nton,  240  feet  in  1.5  miles;  at  Old  Boonton  it  entera  the  central 
iin,  and  for  2  miles  has  a  fall  of  32  feet  per  mile;  6  miles  beltfw  it 
lis  the  Passaic,  with  a  fall  of  2.3  feet- per  mile.  The  area  of  the 
ire  watershed  is  138.4  miles. 

WHIPPANY  RIVER. 

Phis  is  a  small  stream  which  heads  in  the  Highlands,  with  most  of 
course  in  the  morainic  hills  north  of  Morristown.  It  is  about  17 
les  long,  and  from  its  highest  source  has  a  fall  of  640  feet;  it  has  a 
linage  area  of  71.1  square  miles,  with  a  population  of  124  to  the 
aare  mile;  30  per  cent  of  its  area  is  in  forest;  25.4  square  miles  of 
area  lie  in  the  Highland  area  and  45.7  square  miles  in  the  central 
sin.     The  Whippany  is  known  as  a  quick-spilling  stream. 

UPPER  PASSAIC  RIVER. 

The  Upper  Passaic  heads  in  the  Highland  area  and  descends  into 
e  ux>per  portion  of  the  central  basin  as  a  very  small  stream;  in  this 
irt  of  the  basin  flat  lands  are  found  subject  to  overflow,  covering  an 
ea  of  nearly  10,400  acres;  they  are  confined  on  the  north  by  the 
rniinal  moraine,  on  the  west  b}'^  the  Highlands,  and  on  the  south  and 
ist  by  Long  Hill  or  Third  Watchung  Mountain,  the  western  member 
'  the  concentric  series  of  trap  ridges.  Tlie  Passaic  drains  this  basin 
i  a  narrow  gorge  cutting  the  Third  Mountain  at  Millington,  from 
hich  point  it  descends  to  Chatham,  a  distance  of  17  miles,  where  it 
roases  the  terminal  moraine  and  enters  the  central  basin  proper. 
L^'nder  present  conditions  the  characteristic  functions  of  the  three 
lain  divisions  above  described  may  be  stated  as  follows:  The  High- 
md  area  is  the  chief  gathering  ground;  the  central  basin,  the  reser- 
oiT  area;  the  lower  valley,  the  discharge  artery.  These  functions 
re  greatly  intensified  in  times  of  flood. 
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SUMMARY. 

For  the  better  understaDding  of  the  more  important  relatioa^^.! 

Passaic  system  the  profileof  tbr'-- 
and  its  tributaries  is  inserted.  A  • 
tion  is  particnlarly  called  to  tk  il-- 
tant  features  which  control  ftt-x 
ditions  as  they  are  illostnted  2 
diagram.     The  firstof  these  is  th^r. 
gradient  of  the  tribntaries  whieL  1 
the  central  basin  from  the  Hir. 
area.     The  diagram,  especially  is 
cases  of  the  Pequanac  and  Rneka  .. 
rivers,  admirably  shows  the  raj  :•: 
from  the  mountains  to  the  flat  \i 
in  the  last  few  miles  of  their  f«  ^ 
The  same  is  true  to  a  lesser  ex:*  j 
the  Wanaque,  Whippany,  andRa: 
rivers.     The  effect  of  these  cr: 
tively  steep  ^prades  is  empha>i- 
times  of  flood  by  the  still  steeper  .< 
sides  and  the  high  pitch  of  thr  v 
lateral  runs  and  by  the  abund;:!:  * 
the  exposed  rock  surface  of  the  ^:  r 
When  to  these  conditions  are  *! . 
covering  of  snow  or  ice  and  a  f nj;,» '  - 
as  was  the  case  at  the  time  of  tb^ " 
under  discussion,  the  whole  reu^    • 
comes  exceedingly  *'  quick  spili  *  : 
£    spite  of  its  large  percentage  of  fto-' 
and  pours  its  waters  into  iht- <•» '. 
basin  with  great  rapidity. 

The  second  important  condit:  : 
dicated  by  the  profile  is  theexc<f»^' ^  - 
flat  nature  of  the  central  basin.  \ 
Two  Bridges,  the  mouth  of  the  Pt'nr. 
River,  to  Lower  Chatham  Bridc».  - 
miles  above  by  stream,  the  total  t . 
only7feet,and  from  Little  Fall^to^ 
ley,  the  limits  of  the  flat  jwirtof  tin 
tral  bavsin,  a  distance  of  27  luii'-^ 
total  fall  is  only  19  feet.     luthisi*' 
of  the  watershed  occur  the  great  s»  1 
areas  which  overflow  and  remaii  * 
merged  under  flood  discharges. 

The  third  important  feature  i: 
in  the  fact  that  the  tributarier 
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i«li  the  largest  percentage  of  water  to  the  main  stream  enter  it  in 
•4^iit.x-al-basin  area  and  above  the  gorge  at  Little  Falls,  which,  as 
l>o©n.  described,  is  biit  a  narrow  outlet. 

le  fourth  interesting  and  suggestive  feature  is  that  from  the  out- 
>f  tlie  central  basin  the  main  trunk  of  the  river  reaches  sea  level 
liree  quick  descents  at  Little  Falls,  Paterson,  and  Dundee,  between 
'li  lio  stretches  having  very  little  fall.  The  eifect  of  these  level 
lies  in  each  case  is  to  retard  and  accumulate  waters  which  are 
r^.t€l  into  them,  thus  helping  to  produce  local  overflows  which  dur- 
fioocls  are  often  disastrous. 

!s  a,  summary  of  the  important  features  of  the  drainage  area  the 
>wiTi^  table  is  added,  which  shows  the  total  drainage  area  of  the 
►le  system  in  square  miles  as  well  as  that  of  the  individual  tribu- 
tes ;  also  their  lengths,  proportion  of  forested  areas,  fall  in  feet, 
otlier  features. 

ft'  showing  drainage  areaa,  forest  are(iH,fall  in  feet,  and  gradient  of  the  Pas- 
saic and  its  tributaries. 


Drain- 
age 
area. 

Length 
river. 

Poreste 
upon 

water- 
shed. 

• 

Drain- 
age area 
on  crys- 
talline 
high- 
lands. 

Drain- 
age area 
in 
upper 
basin. 

Drain- 
age area 
in 
lower 
valley. 

Pall. 

Average 
gradi- 
ent. 

Stpiarv 
mi  lea. 

Milen. 

Per 
cent. 

Stiuare 
milen. 

Square 
miles. 

Square 
miles. 

Feet. 

Feetper 
mite. 

siiii*  i>roi)er 

299.0 

83.5 

44' 

10.0 

«129.9 

115.5 

580 

6.9 

Alle    River 

60.7 

17.0 

28 

0.0 

0.0 

60.7 

540 

31.8 

iiptx>ii  River 

24.8 

6.0 

69 

0.0 

24.8 

0.0 

10 

1.66 

:naiK>  River 

160.7 

34.0 

72 

136.0 

24.7 

0.0 

650 

18.8 

iiiiuiwe  River 

109.6 

16. 5 

83 

109.6 

0.0 

0.0 

550 

33.9 

pTan^bO  River.-. 

84.8 

31.0 

78 

83.8 

1.0 

0.0 

1,090 

35. 1 

•kawj*y  River 

188. 4 

40.0 

80 

118.2 

20.2 

0.0 

1,030 

25. 7 

iil>p»iiy  River . . 

71.1 

20.0 

36 

25. 4 

45.  7 

0.0 

680 

34.0 

Total 

949.1 

483.0 

289. 9 

176.2 

"4^16  Hquare  miles  aljove  Chatham. 

FT.OW  OF  PASSAIC  Rm]R. 

Various  shoi-t-term  measurements  of  the  flow  of  the  Passaic  River 
A'e  I  K^n  made  by  engineers,  and  the  records  appear  scattered  through 
ports  which  have  not  received  wide  distribution.  Much  informa- 
)ii  regarding  the  stream  was  collected  and  compiled  by  Mr.  C.  C.  Ver- 
LMile,  and  included  in  his  admirable  report  to  the  geological  survey 
the  State  of  New  Jersey.^  In  this  rei)ort  is  a  series  of  flow  curves 
>veriiig  the  years  1877  to  lcS03.'^  The  values  represented  by  these 
irves  were  computed  from  gage-height  records,  maintained  during 
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the  period  mentioned  above,  along  the  river  between  Littk  Fals 
Dundee  dam.  A  tabulation  of  tliese  values  apjtears  in  Water->  / 
and  Irrigation  Paper  No.  72,  and  for  convenience  is  reprodnetni  > 

Daily  flotc  of  Passau;  River  at  Paterson  and  Dundee, 

[Inches  on  watersbed.] 


Jan. 

0.0» 
.084 
.(B7 
.115 

.m 
Am 

.031 
.092 
.137 
.109 

.ir« 

.145 
.192 
.086 
.1%S 
.158 
.121 

.101 

Feb. 

1877 

0.081 

1878 

.i;)8 

18f79 

.071 

1880 

1881 

.092 
.181 

18K8 

.171 

1888 

.115 

1884 

.215 

1885 

.m 

1886 

Am 

1887 

.171 

1888 

188 

1889 

(187 

1890 

118 

1891 

1892 

.205 
052 

1883 

2(E{ 

Monthly 
average • - 

.183 

;  '  '  i         1        ' 

Apr.   May. wjnne., July.  Arag.  tSept.  lOct.  Not.  l>«< 


0.2U2 

.126 

I  .1«S 

i  .080 

,  .215 

,  .127 

.106 

.157 

.006 

.097 

.118 

.166 

.104 

.l(r7 

.169 

.065 

.227 


(0.107 
.(H6 
.143 
.030 
.042 
.117 
.098 
.094 
.115 
.114 
.087 
.1% 
.187 
.099 
.076 
.054 
.130 


133  !  .136     .099 


0.082 
.055 
,065 
.096 
.089 
.105 
(]6S 
.067 
054 
.113 
039 
024 
,104 
1187 
029 
045 
155 


I 


054 
084 
012 
066 
061 
0»4 


^  I 


O.015 

;.«7 

•  .oas 

'  .013  I. 

1 


o.ou 


I 


1 


I  .016 
.084 
I  .069 
I  .014 
.069 
.051 
.015 
.098 
.077 


.0B7 

.061 

.083 

.043 

.015 

.017 

.OBO 

.013 

OHK 

OBI 

014 

019 

0Gi5 


(m  ,  .039      .tfS 


.063 
.061 

.010 
.018 
.013 

.oao 
.ow 

.018 
.062 
.084 
.145 
.096 
,0& 
.019 

.oes 

.036 


0.013 
.018 
.081 
.012 
.010 
.197 
.013 
.010 
.010 
.010 
.014 
.100 
.142 
.151 
.023 
.014 
.((911 


i , 

,  M9  ,  .IBr  E 

j  .010  ,  .«?  r, 

I  .flU  1  .or  *r 

1 .010 ,  .m  'f£ 

I  .06  -  .09  .'tt 

I  .Off  '   044  » 

.oif ,  .es 


.087    .«    .« 


(B7;.aR 


t. 

Ik 


.015  I .  Hi     > 


.065  I  .Sa 

.OM  I .«: 


.{;• 

.« 


.(92  '  .035   .•£ 


.Oil 

oil 


.060     .032    .«     »^ 


Discharge  measurements  of  Pompton  Hither  at  T\po  Bridges,  S.  J- 


Date. 


hpigbt. 


1901.  Ftrt 

May4 3.35 

May  24... 2.2i) 

June  15 1.60 

July  11 ■. I. as 

August  15 _ 1.78 

August  26 ...  s.;ti 

October  26 L») 

November  22 ;  1.00 


.V'    »- 


'ALLS  GORGE  A 


«TER     ANI>~I 
EU5HXON.  J 
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I>i«€^harye  nwasurenients  of  Passaic  River  at  Two  Bridges,  N,  J. 


Date. 


1901 

4 

4 

'  24 

el5 

^11 

cast  15 

^nst  26  _. 

ober  26  _. _ 

vember  23  .  _ 


Gkige 
height. 


Feet. 

'8.88 
4.20 
3.05 
2.50 
2.20 
2.75 
9.35 
2.20 
1.92 


Discharge. 

Second-feet. 

1,845 

1,198 

626 

522 

837 

589 

3,882 

230 

181 


Estimated  monthly  discharge  of  Passaic  River  at  Ttvo  Bridges,  N.  J 

[Drainage  area,  960  eqnare  miles.  J 


Month. 


1901. 


[ay  « 

nne  1-22  . 

uly 

Lngust  ... 
Jeptember 

)ctober 

^oveinl)er. 
Oeceinl>er  . 


Discharge  in  second-feet. 


Mazimnm.    Miuimnm 


2,000 


623 


1,007 
3,  a58 
1,650 
959 
719 
4, 445 


137 
363 
271 
225 
181 


Mean. 


1,105 


9 


448 
1,409 
632 
472 
321 
1,015 


Rnn-off. 


Second-  ' 

fee*  per  Depth  in 

square  ,   inches, 

mile.  ! 


3.07 
2.16 
1.24 
3.91 
1.76 
1.31 
.89 
2.82 


3. 54 
1.76 
1.43 
4.51 
1.96 
1.51 
.99 
3.26 


<*  Approximate. 
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Estimated  taonthly  discharge  of  Ptwtjjtoft  Riv^r  at  Tiro  Bridge,  y  J. 

[Drainage  area,  381  >  uquan?  nules.] 


Dischars'^  i^  si<*c«>iid-feet- 


Rn-f 


Month. 


Maximiyn. 


1901. 


Minimxiin. 


Mean. 


SeoGfid- 
feetppT 


May« 

Jnne  1-22  . 

July    

Angnst  ... 
September 
October . . . 
November. 
December  . 


2, 751 


1,254 
5,342 
2,240 
1, 181 
1,001 
6,328 


S9S 


195 
255 

221  j 
195  ' 
300 


1 
1,529  1 

4.:^ 

i. . 

1,015  1 

9  ifi 

•■    ^ 

541  1 

1.5i» 

^ 

hS^  1 

.1.09 

'.  V 

848 ; 

2.35 

-   ' 

5*^ 

t 

l.4?< 

.  - 

322    ; 

.«^ 

Vi 

1,441 

A.i*^ 

i  *• 

t 

a  Approximate. 
Daily  gage  height,  in  feet,  of  Po/nipton  River  at  Two  Bridges,  X.  J.,ff^ 


Day. 


1 1  3.90 


May .  vjano.  July.  An^. 


2 
3 
4 

5 
6 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

ao 

21 

22 

23 

24 

25 

26. 

27. 

28. 

29. 

30. 

31. 


I 


a  10 

3.50 
3.35 
2.95 
2.65 
2.45 
2.15 
2.2(1 
2.% 
4.50 
4.70 
4.30 
3.60 
I  3.55 
3.20 
2.85 
2.60 
2.66 
2.45 
2.50 
2.15 
2.30 
2.15 
2.40 
2.75 
2.80 
3.50 
a  50 
4.00 
4.00 


3.75 
3.70 
3.40 


1.20 
l.«5 
3.06 


l.Ttl 


Sept-  «>rt.   >' 


4.rv 


43  ,  3.8D 


g.25 


1.5&  ,  :i5i) 

1.35  ,  2.95 
a05  !  JJ.45  j  1.30  I  iW» 
2. HO  !  S.ffli  :  l.aO  I  2.4S 
3i.eO  I  2.«5  t  3.25  ' 
3.51  1  2.65  3.90 
3.50  ,  1.85  a  15 
2.l»  I  1.60  :  2.65 


i*   I  >- 

*Siiji  LIB 

i.r»  1  :• 


2.45 
2.15 
1.05 
1.00 
1.50 
1.50 
1.45 
1.45 
1.25 
1.20 
1.15 
1.00 
1.00 
1.15 
1.10 
1.15 
.90 
.90 
.90 
.90 


1. 30 
1.45 
l.GO 
1.60 
1.40  [ 
1.15  I 
1.35  ! 
2.65    ;' 
1.65 
1.00  ! 


2.45 
2.25 
2.05 

2.00 
1.% 
1.55 
1.50 

a» 

4.55 
4.25 


i.ao  I  a«) 


1.00 

i.or» 

1.00 

1.00 

1.00      T.15 

i.(©  1  a  10 

1.00     5.15 


5.  V> 
5.  <«> 
6.50 
8. 25 


1.30 
1.75 
1.75 


4.55 
4.05 
3.85 


2.a» 

2.00 

1.® 

265 

!.:»» 
•  i.m 

'  1.50 
'  1.85 
2.05 
2.00 
2.QD 
l.i^ 
1.45 
1.4«> 
1.40 
1.40 

l.3r» 

1.3) 
I.IO 
l.io 
1.50 
2-50 


Lou 
Lii» 
J.» 
1.3n 

'  1.31 
-  L» 

l.S 
;  l.«   i  *J 

2.  Si    1  * 
1143    lU 
1 13;   I.a 
1 115   1-3' 
ItW   l.i' 


■    1 

i: 
lis 

If. 


1.5  i'« 
i.aj  1.'*' 

1.3>    li' 
1.3>    I» 
l.»   t* 
1.25    I.* 

i.ai  i» 

i.ar>  IT" 

1. 10  ,  1  Ji 
1.1<»    


in 

.  ♦ 
I 

<  * 

I 


*TKR    ANnn 
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*^ity  ycMQe  height,  in  feet,  of  Passaic  River  at  Tivo  Bridges,  N.  J.,  for  1901, 


Day. 


May.  June.  July 


3.90 
4.25 

4.2r) 

4.05 

3.eo 

3.30 
3.05 
2.95 
3.65 
5.65 
5.60 
5. 15 
4.85 
4.45 
4.05 
3.90 
3.44) 
3.50 
2.95 
3. 15 
3.00 
3.00 
3.05 
3.25 
3.60 
3.95 
4.40 
4.40 
4.65 
4.90 


4.75 
4.55 
4.55 
4.30 
3.95 
3.65 
3.45 
4.35 
4.05 
3.85 
3.40 
3.15 
2.95 
3.00 
2.50 
2.40 
2.30 
3.16 
1.95 
1.95 
1.90 
1.85 
1.90 
2.00 
2.05 
1.90 
1.90 
1.80 
1.80 
1.80 


1.80 
2.10 
3.30 
2.70 
3.10 
3.60 
3.65 
3.45 
2.70 
2.25 
2.20 
2.45 
2.55 
2.50 
2.30 
2.25 
2.44) 
3.55 
2.60 
2.  ST) 
2.15 
2.00 
3.00 
2.00 
2.00 
2.00 
2.  or) 
2.00 
2.20 
2.70 
2.75 


Aug. 

2.75 

2.50 

2.50 

2.50 

3.30 

2.30 

4.20 

4.80 

4.(K) 

3.70 

3. 45 

3.25 

3.05 

3.00 

2.75 

2.60 

2.50 

4.10 

5.55 

6.20 

4.50 

6.13 

6.001 

7.06 

9.80 

8.60 

7.36 

6.35 

6.45 

5.00 

6.10 


4.95 
4.80 
4.40 
4.10 
3. 75 
3.50 
3.20 
3.00 
2.90 
2.60 
2.50 
2.60 
2.60 
2.55 
2.45 
2.65 
2.85 
2.80 
3.65 
2.30 
2.45 
2.40 
2.20 
2.20 
2.20 
2.10 
2.10 
2.10 
2.40 
8.35 


3. 15 
3.00 
3.(N) 
3.00 
2.85 
2.65 
2.45 
2.40 
2.80 
2.25 
2.20 
2.20 
2.20 
2.85 
3.65 
3.45 
3.20 
2.95 
2.80 
2.60 
2.50 
2.fiO 
2.20 
2.20 
2.20 
2.10 
2.05 
2.00 
2.00 
2.00 
2.00 


2.00 
2.00 
3.00 
2.00 
2.00 
2.00 
2.00 
2.00 

2.00 
2.00 
2.05 
2.20 
2.30 
2.10 
2.10 
2.10 
2.10 
2.00 

2.  a) 

2.00 
2.00 
1.90 
2.85 
2.65 
3.05 
8.00 
3.00 
2.65 
2.30 


2.00 
2.00 
2.06 
3.60 
3.96 
2.86 
2.70 
2.66 
2.50 
2.40 
2.96 
2.85 
2.80 
2.85 
3.20 
6.80 
6.90 
5.16 
4.86 
4.30 
3.00 
3.00 
2.96 
2.70 
2.56 
2.40 
3.20 
3.80 
3.70 
8.70 
10.46 


24 


THE   PASSAIC    FLOOD    OF    190*. 


C      o 


Daily  gage  height,  in  feet ,  of  Pompton  River  at  Two  Bridget.  \.  J..f'r 


Day 

Jan. 

Feb. 

1 

8.35 
7.55 
6.45 
6.25 

3.00 

2 

3.50 

8 

4 

3.70 
3.50 

6 

5. 15     3. 40 

6 

4.00  '  3.30 

7 

8 

3.3D  ,  2.60 
2.95  ,  2.10 

9 

2.55     1.90 

10 

2.35     1.70 

11 

2.25     l.SO 

12 

2.35  '  l.iSO 

13 

2.30     1.40 

14 

2.20     1.40 

15 

2.05     1.30 

16 

1.50  ,  1.20 

17 

1.00  i  1.20 

18 

1.50  1  1.20 

19 

1.45  i  1.10 

20 

1.30  ;  1.20 

21 

1.30  ,  1.30 

22 

5.75 

1.50 
1.70 

23 ' 

0m     0»m 

t.  la 

24 

6.85     1.85 

25 

28.....'. 

5.45     2.45 

4.:i5     4.30 

27. 

2K 

4.:«)     7.20 
4.(3     8.00 

29 

3.45  ' 

30 

81 

3.15  ! 

3.20 ; 

Mar. 

10.40 
14.40 
14.00 
10.80 
9.75 
8.40 
7.15 
6.15 
6.55 
7.35 
7.70 
7.45 
7.30 
7.50 
7.15 
7.00 
5.90 
6.60 
5.55 
4.65 
4.35 
4.10 
3.75 
3.40 
3.15 
2.85 
2.6() 
2.45 
3.30 
4.55 
4.45 


Apr. ,  May.  June.  July.  Avtg:.  S 


<«.  St  :• 


4.% 
4.15 
3.40 
3.25 
3.15 

aoo 

3.15 
3.65 
5.30 
6.00 
6.60 
G.  15 

n.m 

4.55 
4.05 
3.00 
3.40 
3.10 
2.6(» 
2.50 
2.50 
2.40 
2.40 
2.30 
2.20 
1.80 
1.65 
l.ft» 
2.40 
3.00 


;  3.30 
i  3.05 
]  2.80 
[  2.95 
!  2.55 
I  2.40 
!  2.15 
I  2.00 
I  2.00 
I  1.85 
I  1.50 
■  1.30 

i.3r> 

I  1.30 

I  i.ao 

i  1.20 

;  1.20 

l.lo 
I.IO 

1  i.ao 

,  i.ar) 

i.ao 

,  1.10 
I  1.10 
I  1.20 
i  1.75 
,  2.15 
2.75 
'  2. 80 
;  2.45 
i  2.85 


2-15 
1.75 

<  1.3) 

t  i.ao 
i.ao 

1.10 

i.io 
!  1.10 

1.00 
l.tiO 
1.00 
1.06 
1.85 
1.30 
1.30 

i.:*> 

1.30 
I  1.25 
I  1.25 

t  i.a5 

I  1  TO 
t  1.65 
{  1.50 
1.50 
1.50 
1.^ 
1.55 
1.35 
£.45 


2.50 
2.25 
2. 00 
2.10  : 

2.a» ; 
i.«5 ; 

1.45 
1.45  ■ 
1.44) 
1.40  • 
1.35  i 
1.30  \ 

I.ao 

1-30 
1.20 
1.20 
1. 10 
1.20 
1.30  , 
1.30  . 
l.SS>  < 
1.50 
1.45  ' 
1.40 
1. 75  ] 
2.15  , 
2.20 
2.20  i 
2.15 
2-70  I 
2.85  i 


S.70 

2. 65 

2.55 

2.30  . 

2.10 

2.00 

1.85 

1.70 

1.00 

1.50  , 

2.S 

2.95 

aoo 

a  51) 
aso 

2.25 

3.06 

2.70  . 

2.55 

265 

245 

2. 25 

2.15 

1.90 

l.eo  j 

1.45, 
l-2»  I 

i.»  i 

1.411  I 
1.30  I 
1.30  I 


1.2D  >  4.S 

i.w  1 4.n» 

1.10     4.4& 


1.10 
l.lw 
1.00 

1.11) 

1.10 

i.a« 

1.25 

I.ao 

1.5*) 
1-81) 
1.40 
1.15 
1.10 
l.K) 
1.10 
LIO 
1.10 
l.OD 
1.10 
1.25 

'I  m 

3.95 

4.ai 

4.55 


4« 

4.:^ 

4S 
a.  95 

2.3} 
4.» 
a.% 
4« 

4.fi5 
4.K 

tat 

196 

16 

14n 

116 
l.?S 
l.:5 
l.G 
l^J 

xm 


_  V 

« • 

«  « 
■*  y 

:» 

L* 

;i* 

I  4^ 

'  •». 
.•> 

i' 

1.1 
13 

13 
1 

:  rt. 

15 

1 1 

:  t-. 
1  j 
1* 
.  t 


>   i 


■  r 
•  V 
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'^.V  Q^Q^  height,  in  feet  y  of  Passaic  River  at  Two  Bridges  y  N.  J.yfor  190  J. 


i 

1 

Jan. 

Feb. 

Mar. 

11.66 
13.60 

1 
Apr.  May. 

1 
Jnne.  July.  Aug. 

i          1 

Sept. 

Oct. 

5.55 
5.96 

Nov. 

3.75 
3.70 

Dec. 

9.25 

8.25 

3.70 
4.36 

.5.25     4.40 

3.10 
2.70 

3.30 
3.25 

3,75 
3.65 

2.30 
2.20 

2.20 

5. 15 

4.10 

3.45 

7.45 

4.50 

12.80 

4.65     3.80 

2.40 

3.00 

3.65 

2.15 

5.70 

3.66 

2.70 

7.40 
7.06 

4.30 
4.15 

11.80 
10.75 

4.40     3.95 
4.15  ,  3.66 

2.30 

3.10 

3.30 
3.10 

2.00 
2.00 

5.55 
5.45 

3.55 
8.35 

3.00 

2.20    3.00 

8.00 

6.90 

4.00 

9.40 

4.00 

3.40 

2.15     2.85  '  3.00 

2.00 

5.75 

3.30 

8.10 

4.50 

3.80 

8.15 

4.15 

3.15 

2.10  1  2.65  1  2.85 

2.00 

5.50 

3.20 

3.10 

3.90 

3.00 

7.20 

4.00     3.00 

2.10  '  2.65  i  2.70 

2.10 

5.25 

3.20 

3.20 

3.60 
3.20 

3.40 
3.20 

7.50 
8.35 

0.25     3.00 
7.05  1  2.85 

2.10  i  2.40     2.60 

2.10  1  4.95 

3.05 
2.90 

3.35 

2.00 

2.40 

2.45 

2.20 

4.60 

3.35 

3.00 
3.40 
3.25 
3.10 

3.20 
2.90 
2.00 
2.30 

8.70 
8.45 
8.30 
8.60 

7.ft5  1  2.50 
7.15     2.30 

2.00     2.36     3.50 
2.00     2.30  .  3.95 

2.25 
2.30 
3.40 

4.30 
5.55 
6.05 

2.80 
2.55 
2.45 
2.85 

8.10 

3.10 

0.70     2.3[)  ;  2.20     2.20 

4.00 
4.50 

8.00 

5.65     2.30 

2.30 

2.20 

2.50  !  5.86 

2.90 

2.80 
2.60 
3.60 
2.50 

2.10 
3.10 
2.10 
2.10 

8.16 
8.00 
6.90 
7.66 

5.10     2.30 

2.30 

2.20 

4.50  1  2.60 

5.66 
5.15 
5.66 
4.40 

3.30 
2.30 
2.30 
2.20 

2.85 

4.00     2.20  '  2.20     2.20 

4.25 
4.06 

2.40 
2.15 

2.80 

4.40 
4.10 

2.20     2.30     2.10 
2.15     3.30)2.20 

6.65 

■           " 

3.70  I  3.10 

9.25 

2.45 

2.20 

6.75 

3.40 

2.10 

2.25 

2.25 

3.55     2.10 

4.00 

2.20 

9.20 

—  •--. —  «  —  &--.-.-...... 

2.40 

2.30 

5.66 

3.50 

2.20 

3.25 

2.30 

3.60  ,  2.10 

3.95     2.20 

9.00 

2.a) 
5  05 

2.45 
3.06 
2.70 

5.85 
5. 10 
4.75 

3.50 
3.40 
3.40 

2.20 
2.20 

2.40 
8  m 

2.35 
2.50 
2.45 

3.35     2.10 

3.80     2.20 

9.00 

3.20 
3.06 

2.10 
2.  a) 

3.65 
3.40 

2.10 
2.00 

8  55 

8.80 

2.10  \  2.75 

8.95 

7.95 
6.80 

3.40 
3.90 
5.45 
8.16 
9.00 

4.40 
4.15 
3.75 
3.50 
3.35 
4.25 

3.30 
3.20 
2.80 
2.65 
2.65 
3.30 

2.10 
2.25 
2.60 

2.00 
2.00 

2.  A) 

2.40 
2.75 
3.  IJ-i 

2.90     3.10 
2.60     2.25 
2.36  [2.85 
2.20  ;  .^.AO 

3.05     2.00 
2.85     2.20 

10.65 

10.25 

• 

3.75 
2.65 
3.40 
3.60 

2.30 
2.45 
2.50 
2.40 

9.46 

!  .1  70 

2.95    2.65    3.  an 

9.05 

5. 45 

3.:«i     2.55 
3.65     2.40 

3.20 
3.15 

2.35 

2.40 

4.55 
5.60 

8.20 

4.75 

7.65 

-..__.... 

4.40 

6.55 

3.90 

3.45     3.30 

3.70 

2.30 

5.65 

4.00 

2.30 

7.66 

3.80 

—     H    -    -—    * 

5.35 

3.25   

3.85 

2.30 

3.90 

7.55 

1 
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Estimated  rtionthly  discharge  of  I^us»iav  River  at  Ttrxt  Bridij's.  .\. ; 

[Drainage  area,  :I0U  8quju*«  miles.] 


Month. 


DisrharK'o  io  H«x»nd-f«»t. 


I 


Maximum. 


Mininiam.         Mean 


1902. 

Jannary ',  3,882 

Felmiary .,  4,011 

March "11.600 


April 

May 

Jnue 

July  .... 
Angnst  ... 
September 
October  . . . 
November . 
December . 


8, 016 
1,375 
839 
1 ,  103 
1,475 
1,975 
2,200 
1,055 
4,496 


Theyear ,    all, 600 


225 


271 

863  ' 

527  I 

271  1 

225  I 

271  I 

317  ' 

I 

225  I 

527  ' 


3r 


225 


1.616 
l.OO:J 
2,S6:{ 
1,424 
618 

408 
.VpO 

1.467 

nu 

2.071 
1, 154 


S: 


miV- 


4.49 

1.:;' 
I.IS 
1..VJ 
•2.24 

4.l^ 
1.4'< 

m      ^» 

.»,  I J 


3.21 


a  Estimated. 

Entimated  monthly  discharge  of  Pompton  Riivrat  Two  Bridges.  S.J. 

[Drainaire area,  300  aqaaro  miles.] 


Month. 


January  . . 
February  . 

March 

April 

May 

June 

July 

August  - . . 
September 
Octol)er  . . . 
Novemlwr 
December  . 


1902. 


Dischargre  in  aecond-feet. 


Maximum.  ;  Minimuxn. 


5,415  I 
5,598 
«11,600 
4,138 
1,729 
1,109 
1,400 
1,948 
2,678 
3,006 
1,327 
6,291 


Theyear ;    «  11,600 


300 
221 
1,109 
5a5 
221 
195 

221 

I 

255  I 

195 

I 

540  I 
195  I 


Mean. 


•5r:»t 


195 


2.080 

1.180 
''4,050 

1,867 
70S 
376 
oSS 
969 
.'i69 

1,927 
575 

2,795 

1.47:^ 


RoB^f 


feetper    l^ 
mile. 


5.?i 

.i.i» 

5..r» 
i.fti 

7.76 
4.t« 


a  Estimated. 
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MiacellaneouH  measurements  in  Pajmaic  iraierHhett. 


***•         I  Stream.  ,  LKxality.  DiHcharge. 


*     20 


,   Sec-feet. 

Ramapo  River |  Maliwah,  N.  J 138 


2»    I do. .... do    '  678 

.    24       Rofkaway  River Old  Boonton,  N.  J    33 

r-    28    ■ do ...do    146 

c.    11      _       ..do.   -. .     do      .  164 

t.    2:j     do do .   ..!  102 

.      5iO     . do do ..  488 

;.      :^0       Pompton  River Pompton  Plains,  N.  J  . .         . ,  1 ,  066 

it,    26       Passaic  River ...    Stanley,  N.J 195 

b.      80     do do 431 

,^t.   26     do Millington,  N.  J 92 

IK-    28       Whippany  River  _ Whippany,  N.  J. 35.3 

pt.   28      Peqnanac  River |  Pompton,  N.  J ..  90 

IK-    22      Wanaqne  River do... 97 


During  the  past  year  the  Division  of  Hydrography  has  made  cur- 
iiit-meter  measurements  on  both  tlie  Pompton  and  Passaic  rivers 
i*ar  their  junction  at  Two  Bridges,  and  for  low-water  stages  of  the 
i vol's  these  measurements  show  with  fair  accuracy  tlie  volume  of 
oth  streams. 

During  the  progress  of  floods,  however,  measurements  taken  at  these 
tations  can  not  be  relied  upon  to  furnish  complete  data  of  the  dis- 
harge,  for  the  reason  that  the  Pompton,  a  comparatively  swift-flowing 
treaniy  enters  the  Passaic,  a  sluggish  stream,  at  nearly  right  angles, 
*utting  across  its  current  and  acting  as  a  temporary  dam  in  backing 
ip  its  waters  to  a  greater  or  less  extent.  In  this  way  the  gage-height 
•(^adings  on  the  Passaic,  which  are  taken  just  above  the  junction,  do 
lot  in  flood  time  bear  their  true  value  to  the  discharge  of  the  sti-eam. 
Another  feature  which  detracts  from  the  accuracy  of  flood  meas- 
urements at  Two  Bridges  is  the  fact  that  both  rivers  overflow  their 
banks  and  spread  over  a  wide  section  of  flat  lands  during  high  fresh- 
ets; so  that  while  the  gage  readings  have  a  certain  interest  and  value, 
they  do  not  accurately  record  the  true  height  of  the  water  which 
should  pass  between  the  banks.  Therefore  in  this  discussion  neither 
the  discharge  measurements  nor  the  gage-height  records  have  been 
considered. 

Attention  is  particularly  callcnl  to  the  fluviographs  of  the  Passaic 
and  Pompton  rivei-s  (figs.  3  and  4)  made  from  daily  gage  heights  and 
freciueiit  current-meter  discharge  measureiiients  at  Two  Bridges,  at 
the  junction  of  these  streams.  They  clearly  reveal  several  important 
featui'es  in  the  flow  of  the  rivere  above  mentioned.     In  tlie  considera- 
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'     «»f  llii-iii  ji  s)ioiil(l  bu  IxirrK'  in  mind  Ihal  the  draiiw;rr  ar 

«■    the  I*}is8aic  and  I'otuptoii  rivers  above  tUeiwiniof  mra-ii' 

*     *   *»«arly  wiual  in  extent,  and,  furlhorraure,  that  they  an  sii; 

"    *<*»-«?  is,howevcr,  thisimportant  difTeremi-betweeiilhennriiiir 

W  "toiMTgraphy  and  physical  conditions,  namely,  that  the  (ai- 


basin  of  the  Pompton  lies  ftlniost  entirely  in  a  mountainoo-  •' 
heavily  forcsled  aren  of  the  Hifthlands,  while  that  of  the  Psssair  ■ ' 
mainly  in  tlie  coraimrBtivcly  flat  cnltivated  area  of  the  central  M- '■ 

The  fliiviojfniphs  show  in  a  striking  way  the  great  irrepil*ri'.^ 
the  flow  of  tlie  Htrcams.     Tho  quick  and   violent  rises  wcur  iu  > 


^TiTiu-Ani.'l  KLUW    Ol-'    PASSAIC    RIVER.  29 

il  lis  of  tile  year,  Ix'in^  imttlrally  vnin-i'.  proloiiKHl  in  Miu  spring  Uinn 
]ii'   suinnici-  season,  and  tlic  nurmal  and  compamtively  nmall  flow 
lie  stream  is  during  intervals  l>etw(H)n  these  rises. 
'he  riaes  occur  on  both  streams  simiiltaneouBly,  as  is  to  be  expected 
n    t.lio    proximity  of  the  drainage  ai-eas,  which  naturally  would 


Pio.  *.— Discliarit..  <it  Pumirtcjn  Bivlt  ut  Twu  Bnilin'M. 

receive  about  tlie  same  amount  nf  preiipilali<in  during  any  given 
perio<l.  The  rises  on  the  I'onipton  River  are  in  i-acli  ease  gi-eater  than 
those  on  th«'  Passaic.  This  at  liisl  is  diflicnlt  lo  undei-stand,  in  view 
of  tlie  fact  lliat  t  lie  drainat:''  '"''a  "f  the  l'<miptun  is  heavily  foi-osted, 
wliile  ft  large  portion  of  the  PassaielJasia, cxelusivcof  theRockaway, 
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■.  • 


whone  waters  in  this  instance  are  includecl,  oontains  a  comparaLv^ 

small  proportion  of  forests.     In  other  words,  the  Ponipton  arn:. 

pared  with   the   Passaic  watershed  is    quick  spilling.     A  nK»Ej<'« 

inspection  of  other  conditions  serves  to   explain  the  anomaly  n(  ::- 

flow;  for  not  only  are  the  grades  on  the   Pom pton  watershed  e  ' 

steeper  than  those  on  the  Passaic,  the  Rockaway  River  except*?:  < 

this  part  of  the  Passaic  Basin  contains  also  tlie  large  areas  of  flu*  * 

swamp  lands  previously  referred  to,  which  not  only  retard  the  fi  i^ 

the  streams,  but,  in  the  case  of  the  swamp  areas,  act  as  a  great  BAt ■  « 

reservoir  for  the  waters  at  all  times,  absorbing  the  high  waters  vL 

readily  flood  their  surface,  and  contributing  a  constant  snpplv  '  ^^  • 

to  the  main  stream  in  times  of  low-water  3ovr,      Owing  to  this  rvj 

lating  effect  of  the  wet  lands  in  the  central  basin,  it  is  easytoM-c*    : 

for  the  lower  rises  of  the  Passaic,  as  well  as  for  the  greater  volna^  * 

its  low-wat-er  flow,  as  compared  with  that  of  the  Pompton,  si>  d^r 

brought  out  by  the  fluviographs. 

These  cliaracteristics  of  flow  are,  of  course,  greatly  emphai«jz*^l  r 

times  of  extraordinarily  high  water,  as  during  the  flood  under  div  > 

sion.     In  such  times,  of  course,  the  action  of  the  waters  become?  m-^ 

comj^licHted  owing  to  the  fact  that  the  Poinpton  discharges  it^  f^'*- 

crest  so  rapidly  that  it  acts  as  a  temporary  check  to  the  Passaic,  l" 

waters  of  the  former  cutting  across  the  channel  of  the  latter  a'  !«■ 

Bridges  and  increiising  the  flooding  effect  of  the  Passaic  over  th'  l-""- 

lands  above. 

FIiOOI>  OF  1002. 

High  water  is  not  uncommon  in  the  Passaic  Valley.  It  o^^cars  s? 
will  be  seen  by  reference  to  previous  discharge  tables  anil  dia^niv 
several  times  a  year,  but  though  it  comes  with  I'easonable  fre^iii'-i:  ":• 
it  is  not  often  violent.  The  large  area  of  swamp  and  wet  lan«I*  f^ 
the  central  basin  is  regularly  flooded  each  spring,  as  are  often  f.*'^ 
lands  adjoining  these  tracts.  Lower  down  the  val ley  waters  may  of j^/ 
rise  to  low  bench  lands  and  give  some  inconvenience  in  towns  an<i  ^ ' 
lages.  As  far  as  the  sewage  pollution  of  the  lower  valley  is  •-  ^ 
cerned,  these  high  watei*s  are  of  a  decided  advantage,  serving  Xo  tiu-l 
that  portion  of  the  river  and  temporarily  cleansing  it  fromex0•s^  i 
sewage. 

When,  however,  the  precipitation  on  the  drainage  area  hw*Lit^ 
great,  or  when  a  variety  of  circumstances  combine  to  deliver  a  lAnr* 
amount  of  water — as,  for  example,  an  accummulation  of  snow  i>  r.:|- 
idly  melted  on  frozen  ground  by  a  warm  and  heavy  rain — thr  fi*; 
conditions  resulting  in  the  lower  parts  of  the  valley  are  quite  diff'' 
ent  in  character.  The  central  basin  is  widely  flooiled  b^-  a  quit'fc'i^ 
charge  of  the  highland  tributaries,  resulting  in  hardship  and  l«is> 
the  farming  population  of  this  area.  The  narrow  f?*>rge  at  Lv'-^ 
Falls,  wliose  capacity  is  made  still  less  b^''  the  constricte<I  <i|)e:iiiir 
the  old  masonry  span  which  supports  the  Morris  Canal  aqueduct 
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"  I ,  J^)  ,  is  unable  to  discharge  its  waters  fast  enough  to  keep  them 
L  flooding  the  lands  above,  while  in  the  lower  valley  the  waters 
<lo  l>oth  the  cities  of  Paterson  and  Passaic,  doing  great  damage  to 
iiiaiixxfacturing  and  residential  properties  and  threatening  the 
Her  settlements  located  on  the  lower  portion  of  the  river. 
iooils  of  this  nature  have  periodically  occurred  in  this  region  and 
i>  resulted  in  widespread  suflFering  and  damage.  Such  a  flood  took 
•e  from  February  25  to  March  9, 1902,  reaching  its  height  at  noon  on 
clay,  March  2.  It  was  the  highest  flood  within  the  memory  of  the 
'st  iiiliabitant  of  the  region,  and  owing  to  the  fact  that  population 
iiia>iiufacturing  interests  have  greatly  increased  in  portions  of  the 
\  c^y  during  recent  years,  it  was  probably  the  most  destructive.  The 
its  of  the  flood  will  be  taken  as  the  time  during  which  the  water 
ol  ^va,»  above  full  bank.  In  the  previously  mentioned  report  of  the 
>v  Jersey  geological  survey  on  the  water  resources  of  tlie  State,  the 
1  \>aixk  flow  at  Dundee  dam  has  been  determined  at  4,000  cubic 
>t  x><3r  second;  our  measurements  and  observations  lead  us  to  believe 
Fit  5,OO0  cubic  feet  is  more  nearly  correct.  In  any  case  the  differ- 
ce  is  not  sufficient  to  effect  any  significant  discrepancy  in  determin- 
f^  the  duration  of  the  flood. 

Tlie  discharge  measurements  hereinafter  set  forth  were  made  with 
small  Price  curi-ent  meter,  according  to  the  methods  practiced  by 
e  Division  of  Hydrography,  except  in  the  cases  of  Little  Falls  and 
undeo  dams.  At  the  latter  points  gages  were  read  at  short  intei'vals 
id  the  amount  of  water  was  determined  by  Bazin's  series  modified 
)  eouform  with  the  local  conditions  and  requirements. 

PRECIPITATION  IN  THE  PASSAIC  VALLEY. 

The  records  of  numerous  weather  observation  stiitions  in  the  Passaic 
niinage  area  and  those  of  other- stations  in  the  country  immediately 
urrounding  afford  a  trustworthy  basis  of  measurement  of  precipita- 
ion  over  the  basin.  The  following  table  is  a  statement  of  the  normal 
imount  of  precipitation  at  the  various  stations  during  the  month  of 
February,  1002.  It  should  be  borne  in  mind  that  the  month  of  Feb- 
niary  is  usually  marked  by  considerable  precipitation  and  that  the 
normal  for  that  period  is,  in  most  places,  comparatively  high.  This 
roHult  is  a  relatively  large  flow  in  river  channels.  Therefore  an 
increase  over  the  normal  of  2  inches  in  the  month  of  February 
nutans  more,  from  the  standi)oint  of  damage  by  river  floods,  than  it 
would  in  a  dry  seascm  when  the  river  had  been  in  low  stages.  In 
other  words,  the  addition  of  2  inclies  of  rainfall  to  the  flow  of  a  stream 
while  it  was  running  fairly  high  would  cause  more  damage  than  would 
the  iuldition  of  a  similar  amount  to  the  river  at  a  low  st^ge. 
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Precipitation  in  indies  in  the  Passaic  Valley  and  adjoining  (xmntry  iu  F^^' 

1902, 


Station. 


HIGHLAND  REGION. 

Dover 

Chester 

Charlottebnrg 

Ringwood 


RED  SANDSTONE  PLAIN. 


\ 


County. 


NoPio.l.'To5UforD-gSiri« 


month 


Morris  . 

do 

do  . 

Passaic 


4.16 
4.30 
4.97 


Passaic 


Paterson 

Hanover Morris 

Bivervale - . .    Bergen 

Roseland ,  E^ssex 

Newark do 

South  Orange  .  _ do 

New  York  City ,  New  York 

Plainfield ..    Union 

Elizabeth do 


Average. 


4.63 
3.75 

4.89 

3.65 
4.23 
3.80 
3.96 
4.55 

4.26 


6.93 
5.31 
6.85 
6.70 


1 


I « 


l.Ol 
1.88 


I 

\ 


8.15 


8.44 


1 


7.53  \ 
6.90  I 
5.35  j 
5.69  i 
5.78  I 
7.65  } 

7.83  ' 

1- 


3..5Si 
4.69 

2.61 


1.70 
1.47 
1.98 
3.69 
3.aj 


1.1 

\M 
\M 
1.64 
1.47 

i.:2 

1.6P 


i  I 


4 


.it 


1-  1 


6.85 


^   I 


2.60      1.89 


The  record  of  these  stations  show  that  during  the  montiof  Fei^n- 
ary,  1902,  the  precipitation  was  heavy,  and  that  the  stormb  oceonHi 
on  eight  days  of  the  month,  namely,  the  1st,  2nd,  17th,  il^t  ^^' 
25th,  2Gth,  and  the  28th.  There  was  in  various  places  an  M 
nificant  amount  of  rainfall  on  other  days,  but  the  total  is  so  sia: 
in  comparison  with  the  precipitation  for  the  month  thatitmivl^ 
disregarded  without  introducing  errors.  In  the  f ollowJDg taWe  tif 
amount  of  rainfall  is  recorded  at  the  various  stations  during  the  ei?Et 
days  mentioned. 
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/  lyrcAnpitcLtion  in  indies  in  and  cuijoining  tlie  Passdic  Valley  in  Feimmry, 

1902, 


Day  of  month. 

1. 

2. 

17. 

21.          22. 

25. 

26. 

28. 

HI»H1,ANY>   REGION. 

C) 

0.73 

0.90 

• 

(«)      2.80 

(«) 

0.90 

3r 

1.60 

iter 

0.20 

.65 

.96 

1.70       .20 

0.40 

.70 

.40 

rlottebnrg 

C) 

.62 

.60 

(«) 

2.00 

(«) 

.98 

2. 65 

2rwood._ 

.15 

.70' 

.95 

.45 

1.90 

.06 

.54 

1.81 

;ed  sandstone  plain. 

- 

erson 

.62 
.27 

(«) 

.61 
1.58 

1.10 

.90 

1.30 

3.03 

.20 
3.30 
2.30 

1.15 
.75 

CO 

.05 

.65 

1.60 

1.39 

lover 

l.fK) 

ervale  . 

.75 

(cland 

.10 

.55 

.74 

1,64 

1.20 

.61 

.81 

1.25 

w-ark .. 

.12 

.40 

1.30 

r) 

1.28 

.55 

.60 

1.10 

ith  Orange  _ .  - 

(«) 

.60 

1.00 

1.64  1     .20 

.78 

.30 

1.13 

w  York  City- 

.19 

.54 

.93 

1.02     1.47 

.19 

.98 

.42 

dnfield  _  _ 

.18 

i     .61 

1.72 

1.21 

1.33 

.34 

• 
.88 

1 .  35 

izabeth 

.36 
.91 

.53 
.68 

1.60 
1.08 

(w)    ;  2.70 

.60 
.45 

.64 
.74 

1.40 

_  _        

Average 

1.61 

1.30 

n  Included  in  record  for  following  day. 

ExaiuinatioQ  of  the  two  tables  above  set  forth  shows  clearly,  fii'st, 
lat  the  month  of  February,  1902,  was  characterized  by  heavj^  pre- 
pitatioii,  which  exceeded  the  normal,  and  at  many  stations  to  an 
ctraordinary  dep^ce;  second,  the  precipitation  occurred  on  eight 
fiys  of  the  month,  and  by  far  the  largest  part  of  it  on  tlie  17th,  21st, 
id,  25th,  26th,  and  28th.  Closer  examination  will  show  tliat  tlie  pro- 
ipitation  at  the  stations  within  the  Passaic  Basin  was  heavier  than 
t  the  stations  outside  of  the  same,  and  while  the  latter  undoubtedly 
»rved  to  steady  the  general  averagCj  they  also  make  an  actual  reduc- 
ion  when  computed  with  the  former.  Therefore  there  can  be  no 
uestion  that  tlie  adoption  of  the  general  average  for  all  the  stations 
Lw  a  measure  of  the  amount  of  precipitation  in  the  Passaic  Valley  is 
afe  and  conservative. 

Our  interest  chiefly  centers  upon  the  last  twelve  days  of  the  month; 
ihat  is,  from  the  17th  to  the  28th,  inclusive.  During  that  period  there 
was  a  fall  of  G  inches  over  the  whole  basin.  This  average  will  not 
^rve  in  any  calculation  of  the  relation  of  run-olT  to  the  rainfall  dur- 
ing the  flood,  because  of  the  fact  that  there  wei-e  so  wide  differences 
in  the  amount  of  precipitation  in  places  not  widely  distant  from  one 
another.  The  average  of  6  inches  over  the  whole  basin  is  but  an 
approximation  and  does  not  represent  accurately  the  actual  amount 
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of  water  precipitated,  hence  any  estimation  of  the  pro|M>rti«ifj  i'lry 
fall  to  run-off  must  be  precarious  and,  in  all  prol>abilit y,  mt-oTTt-r: 

The  character  of  this  enormous  precipitation  as  it  fell  Ls  an  :; 
tant  consideration.     The  heavy  snow  of  the  17th,  equivalent  t. 
inches,  had  not  melted  to  any  extent  by  the  2l8t  and  22d,  whec  i*  j.  .- 
reenforced  by  a  destructive  sleet  equivalent  to  2.43  inehetJOTr- 
drainage  area,  and  at  some  stations  to  over  3  mches-     Tbei^^c- 1 
general  rise  of  temperature  on  the  23d  and  24th,  during  which  a  ^^^ 
amount  of  snow  was  melted,  and  about  the  same  temperature  ^d* 
maintained  during  the  25th  and  26th,  on  which  days  the  total  pr^  / 
tation  was  1.19  inches.     On  the  28th  there  was  a  short  but  f  remet-^    • 
downfall,  amounting  to  1.22  inches,  and  at  the  end  of  this  stoni<  t 
snow  of  the  17th  had  practically  all  disappeared.     Thismean>'.: 
from  the  23d  to  the  28th,  or  during  six  days,  nearly  6  inchesi  of  ^a'-' 
were  heaped  upon  the  Passaic  Basin,  the  greater  proportioD  of  «b  : 
fell  or  was  released  through  the  melting  of  snow  during  the  la^t  1  ■: 
days. 

GAGE  HEIGHTS. 

A  precipitation  so  great  and  so  rapidly  delivered  over  an  an^a  ■.- 
surface, of  which  was  frozen  could  not  fail  to  produce  extmonii  "^ 
results.  We  find  that  on  the  Upper  Passaic  River,  at  (lialhaEi-  ^^ 
water  began  to  rise  on  Thursday,  February  27,  reaching  a  maii^  ^  ? 
on  the  afternoon  of  Saturday,  March  1.  On  the  Whipijaoy  Rivt-.r 
Whippany  Village  near  the  mouth,  the  water  be^an  to  rise  oo  Fm 
about  noon  and  reached  a  maximum  at  10  o'clock  p.  m.  on  ibt*  s 
day,  falling  almost  immediately.  On  the  Rockaway  River  at  B* 
ton  (see  PI.  Vll,  A)  occurred  the  highest  water  since  Februarr  *"•.  b  . 
when  the  recorded  height  was  6  feet  above  the  crest  of  the  B««'n*  :. 
dam.  On  the  present  occasion  the  rise  of  water  began  on  the  a:>' 
noon  of  Friday,  February  28,  and  reached  its  highest  point  Man'^  . 
at  3  a.  m.,  at  5.55  feet  above  the  crest.  For  seven  hours,  b^nr  : 
on  February  28  at  8  p.  m.,  the  rise  was  2  inches  per  hour.  T:.- 
appreciable  decline  in  flood  flow  began  Monday,  March  3,  asi  v 
March  4  the  water  had  lowered  to  1  foot  over  the  dam  crest. 

At  the  feeder  of  the  Morris  Canal  at  Pompton  Plains,  bei^w  V 
junction  of  Pequanac,  Wanaque,  and  Ramapo  rivers,  the  foll'^i  ^ 
gage  readings  were  reported  by  Mr.  L.  M.  Le  Fevre : 

Height  of  water  at  feeder  of  Morris  OanaL 

February  28,  4  p.  m...- ;♦ 

March  1,  6.10  a.  m U 

March  2,  5.10  p.  m 

March  B,  2.80  p.  m •" 

March  4,  2.20  p.  m i. 

March  5»  7.40  a.  m • 

March  6,  4. 10  p.  m .  _ 

March  7,  6.50  a.  m :: 

March  8,  1.20  p.  m : 
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>•> 
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1  the  Ramapo  River  at  Pompton  Furnace  the  highest  water  was 
rved  at  6  p.  m.  on  March  1,  where  it  reached  4.1  feet  above  the 
crest.  The  combined  flow  of  the  Wanaque  and  Pequanac  rivers 
measured  at  the  Van  Ness  farmhouse  in  Pompton  Plains,  and 
jated  a  beginning  of  rise  on  February  28  in  the  early  afternoon, 
hing  a  maximum  on  March  1  shortly  before  noon.  The  high 
r  was  maintained  fairly  steady  during  March  1  and  2  and  by 
?h  5  had  reti'eated  within  its  banks. 

le  great  volume  of  water  poured  out  upon  the  central  basin  raised 
evel  to  such  a  height  at  Two  Bridges,  the  junction  of  the  Passaic 
Pompton  rivers,  that  the  gages  maintained  there  by  the  Division 
[ydrography  were  submerged  and  the  water  flowed  around  the 
^es  and  inundated  the  neighboring  fields. 


S 

n 


4tu 


la 


I 


Of    . 

1^ 


•*a 

^'ri 

s* 

a* 

ss 

5^ 


OD 


^^ 


Hi.  5.— Diagram  of  gago  readingH  at  Little  Falls  and  Dundee  dam  during  flood  of  1908. 

■j  Little  Falls  and  at  Dundee  dam,  just  above  Passaic,  gage  read- 
have  been  preserved  and  are  diagrammatically  shown  in  fig.  5. 
brief  description  of  the  two  dams  and  the  conditions  surround- 
them  will  be  desirable  in  connection  with  the  consideration  of 
5.  The  Little  Falls  dam  is  constructed  with  two  wings  adjoining 
main  dam,  which  occupies  a  transverse  position  across  the  center 
le  stream.  Fig.  6  shows  the  plan  of  the  site  to  good  advantage, 
ie  the  general  appearance  during  flood  is  faithfully  represented  in 
[V,  A.  The  main  dam  is  160  feet  in  length,  with  an  elevation  of 
18  above  tide;  the  north  wing  is  04  feet  long  and  has  an  elevation 
57. SI  feet,  while  the  south  wing,  constructed  parallel  to  the  chan- 
ts 01  feet  long,  the  crest  being  at  an  elevation  157.50  feet  above 
.    The  dam  at  Dundee  is  built  of  stone,  the  crest  being  27  feet 
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aboVH  mean  tide.     It  is  480  foet  in  leuj^h  and  has  a  width  of ;  Vi  v. 
the  civst,  holding  back  a  pond  of  "i'M  acres.     (See  i'l.  VII,  iJ.j 
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FLOOD  FLOW  OF   HIGHLAND  TRIBUTARIES. 
From  lh(S   records  of  two  series  of  current-meter  meit8i)r''nif'i^ 
taken  at  different  gage  hei^^bts  during  tlie  two  we<!ks  folio"!"? '^^ 
floo<l,  and  the  marks  made  by  eyewitnesses  during  the  fiooJ  l»f'" 
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ng  tables  have  been  constructed  for  each  of  the  Highland  tribu- 
<\s  >vhicli  seem  to  bear  the  teat  of  reasonable  analysis  and  to  fur- 
i  va.ln»il>le  information  concerning  the  discharge  of  the  various 
'HTiiH.  This  discharge  in  second-feet  for  six-hour  periods  during 
fl<K><l — that  is,  from  February  25  to  March  9 — is  set  forth  in  the 
le  l>olow. 

r<t€fi*   Jl<yrjr  in   neconfl-feet  of  Highland  tributaries  during  six-hour  periods, 

February  25  to  March  9,  1902. 


I>ate. 

Time  of  day. 

Upper   1 
Paasaic.n! 

1 

Whii>- 
liany. 

Rocka- 
way. 

Pequa- 
nac. 

Wa 
naqae. 

Ramapo. 

Total. 

riiary  586 

IJJ-  6a. m 

i:i4 

05 

185 

no 

148 

1          216 

888 

1 

e-12a.m 

218  ■ 

155 

302 

185 

239 

1          351 

1,450 

» 

12-  6p.m  .... 

are 

270 

.520 

•k2 

416 

573 

2.480 

6-12p.m 

523; 

372 

725 

444 

574 

842 

8.480 

>ruar y  527 

IS-  6a.m 

560 

i») 

800 

600 

660 

860 

8,71X) 

6-12a.m....\ 

500 

1 

490 

850 

650 

745 

866 

4,190 

, 

It-  6p.m 

625 

560 

900 

800 

954 

880 

4,709 

1 

ft-12p.m  .... 

650 

610 

1,000 

970 

1,145 

890 

5,206 

^mary  28 

12-  6a.m 

670 

650 

1.060 

1.000 

1,237 

900 

5,507 

6-12  a.  m 

TOO  , 

712 

1,300 

1,440 

1.745 

1,200 

7,007 

12-  fip.m  .... 

728 

846  : 

1.436 

1,660 

2,300 

1,700 

8,670 

6-12  p.  m 

875 

1.071  ' 

1.636 

2,225 

2,600 

8,100 

ii,«n 

irc'h  1 

12-  Oa.m 

1,060 

1,505 

2,535 

2,725 

3,050 

4,4a) 

15,S&% 

6-12  a.  m 

1,440 

1,470 

2.780 

3,360 

»,900 

5,(n) 

17,940 

12-  6p.in  .... 

1.690 

-       1.430 

2,780 

3,900 

3,900 

5,150 

18,790 

6-12  p.  m 

i,63f) : 

1,380 

2,780 

4,215 

3,900 

5,225 

19,  i:«) 

an'h  2 

12    6a.m 

1,600  ■ 

1,840 

2,780 

4,280 

3,900 

5,Ao 

19,180 

6-12  a. m 

1,550  , 

1..300 

2,780 

4,360 

8,900 

5,120 

19,000 

12-  Op.m  .... 

\JM) 

1,260 

2,780 

4,330 

3,525 

4,000 

17,395 

6-12p  in  .... 

1,440 

1,220 

2,780 

4,060 

3,075 

3,460 

16,015 

ar<-h  Jl 

12    Ha.m 

1.400 

1,180 

2,  .527 

3,400 

2,875 

.        3,060 

14,4ie 

6-12  a.  m 

\,:m 

1,140 

2,690 

3,275 

2,750 

2,860 

H.OOT) 

12-  6p.m 

1,310 

1,100 

2,645 

3,160 

2,675 

2,780 

13,  WK) 

6-12  p.m  .... 

1,250  I 

1,060 

2,565 

3,060 

2,490 

2,790 

13.205 

[arrh  4 

12-  6a.m 

l,20l»  i 

1,020 

2,4(r) 

2,825 

2,390 

2,780 

12,525 

6-12  a.m 

1,155 

980  i 

2,420 

2.625 

2,100 

2,760 

12,040 

12-  6  p.  m 

1.090  < 

»«» 

2,ano 

2,400 

1,900 

2,720 

11.410 

6-12  p.m  .... 

.        1,045 

9(N) 

2.285 

2,200 

1,725 

2,621) 

10,785 

iarch  5 

12-  6 a.m 

1,000  ' 

860 

2,220 

2,000 

1,500 

2,5:*) 

10,110 

6-12  am 

060  { 

810 

2, 1.50 

i,n5 

1,360 

2,870 

9,415 

12-  6  p.m  .... 

905  ' 

760 

2.086 

1,600 

1,245 

2,260 

8,845 

6-12  p.m 

845  ' 

710 

2,015 

1,440 

1,160 

2.120 

8.280 

March  l( 

12-  6 a.m  .... 

HOO  ' 

1 

660 

1.940 

1.330 

1,060 

1,960 

7,750 

6- 12 ft  m  .... 

T5<» 

610 

1.870 

1,240 

1,000 

1,810 

7,380 

12   6p.m  .... 

700 

520 

1,806 

1,290 

940 

1,700 

6,8I{5 

6  12  p.m  .... 

6oO, 

490 

1.740 

1,140 

800 

1.660 

0.470 

March  7 

12-  6a. m 

600  : 

440 

1,670 

1,100 

800 

i,6i«) : 

6,210 

6- 12  a.  m    ... 

550 

1 

:«o 

1.6115 

1,080 

760 

1.650 

e.fKfi 

12-  6p.m  .... 

500 

m) 

1.535 

1,065 

150 

l.OTM) 

6.790 

6-12 p.m  .... 

450  ' 

300 

1,465 

1.065 

785 

1,62[» 

5,673 

March  K    

12-  6a. m 

4(K) 

2H0 

1,400 

1.060 

780 

1.61)0 

5,550 

6- 12  a.m 

360 

210 

i,:<« 

1,060 

811 

1.7(1) 

5.4')6 

12-  6 p.m  .  .. 

m) ' 

160 

1,265 

1,060 

920 

1,750 

5,455 

March  9    

12-  6am.  ... 

2riO 

* 

160 

1.125 

1,076 

1,100 

1,800 

5.510 

»  At  Chatham. 

ToUil  run  off,  8,WX),248.(l(IO  vuhU-  ftN^t. 
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The  measurement  station  established  uiK>n  the  Upper  Passai-  W 
at  the  village  of  Stanley,  near  Chatham,  is  shown  on  PL  VIII,  .i 
lies  about  3CK)  feet  below  the  Stanley  dam,  which  was  carrit-i  .. 
during  the  flood.     No  appreciable  overflow  of  the  banks  oecnrrv-.. . 
the  results  obtained  by  current-meter  measurements  are  tmaitw. 
After  the  destruction  of  the  dam  the  millrace  carried  no  wat*' 
there  was  therefore  no  necessity  for  taking  the  race  dischanr. 
account.     The  station   established   at  ^^hippany  Vilh^,  v^r-u 
mouth  of  Whippany  River  (PI.  VIII,  B)^  is  probably  the  lea^^  ^.  - 
factory  of  the  Highland  stations.     During  the  height  of  the  fl/**. 
water  left  the  banks  of  the  stream  and  overflowed  the  road  fi/r .. : 
hours.     The  time  limits  and  the  depth  of  water  so  overflowed!  -  • 
however,  accurately  observed  and  the  measurements  are  suffii  - 
trustworthy  for  the  present  purposes. 

The  station  on  tne  Rockaway  River,  about  ^  miles  below  R- 1 
was  established  on  a  cross  section  of  the  channel,  in  the  t-t^Di*- 
which  an  island  is  situated,  necessitating  the  measurement  'U'  :•• 
channels  (see  PI.  IX,  A).     The  records  obtained  at  thispoini  n- 
include  the  entire  flow  of  Rockaway  drainage  area,  as  thesuri     • 
about  7  miles  above  the  watershed  limits.     A  large  x>art  of  thl>  r 
however,  is  included  in  the  wet  lands  described  in  the  intrwiu- 
over  which  the  water  rose  during  the  flood.     This  station,  alt!.. 
serving  fairly  well  in  high  water,  is  useless  during  dr\'  seasi*!i^.  i' 
it  has  since  been  abandoned. 

The  measurements  upon  the  Pequanac  River  are  more  traM^- '  .. 
than  those  on  any  other  highland  tributary,  because  acctmii*'  l'  - 
readings  were  maintained  by  the  \^'ater  department  of  the  eiiv  •: 
Newark,  at  the  Macopin  dam  during  the  entire  flootl  period  (se*?  PI  r\ 
B).     This  dam  has  been  accurately  rated  by  Mr.  John  R  Fivr-i.  n 
and  the  results  of  weir  measurements  can  be  defjended  upon.    A: i 
tional  measurements  were  also  made  with  the  current  meter  ai  *l 
New  York,  Susquehanna  and  Western*  Railroad  bridge,  a  few  il  -^ 
above  the  mouth  of  the  river.     The  combination  of  the  two  .^r-* 
serve  to  give  an  appi-oximately  correct  estiniation   of  flow  id  > 
Pequanac  River  during  the  flood.     In  the  table  on  page  37  the  >u\'  i 
flow  of  the  Pequanac  River  embraces  only  that  volume  of  wat«*r  ^\~' 
actually  passed  into  the  Pompton,  and  does  not  include  \\iv  'i^ 
draught  of  371  second-feet  for  the  supply  of   the   city  of  Ne\M'v 
withdrawn  at  the  Macopin  intake. 

A  short  distance  above   the  mouth  of   the  Wanaque  the  cha^i  '^ 
forks,  and  the  two  divisions  are  crossed  by  a  highway  bridge*  ^  • 
in  two  sections  to  conform  with  the  channels  (see  PL  X,  «l  and  /- 
The  distribution  of  the  flow  of  Wanaque  River  into  twocomparativ .. 
wide  channels  gives  shallow  water  even  during  floods,  and  thebnk.. 
uneven  surface  on  the  bottom  renders  gooil  current- meter  meavp- 
ments  somewhat  hard  to  obtain. 
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it^  ixieASiirement  station  on  the  Ramapo  was  located  near  the 
til  of  tilne  river  on  a  highway  bridge  just  below  Pompton  Falls 
V"I,  ^)-  The  channel  here  is  deep  and  well  defined,  and  the 
Huremeiits  given  in  the  table  are  trustworthy.  The  flow  of  water 
he  race-way  running  from  the  head  of  Pompton  Falls  has  been 
usvireil  axid  proper  allowance  therefor  has  been  made  in  the  table. 
.  study  of  the  table  on  page  37  will  show  that  in  each  of  the  High- 
il  trilowtaries  the  rise  of  water  during  the  flood  was  rapid  and  the 
st  was  not  long  sustained,  recedence  following  almost  as  quickly 
tlie  rise.  The  combined  flow^  of  the  tributaries  must,  therefore, 
ring  a  sliort  period,  have  been  enormous,  and  it  is  readily  inferred 
tt  a  cUannel  of  great  capacity  would  have  been  necessary  in  order  to 
•ry  away  i  ramediately  the  waters  delivered  into  the  central  basin.  It 
s  \>een  stated,  however,  that  the  channel  at  Little  Falls  is  a  narrow 
e  and  is  artificially  constricted  by  the  aqueduct  of  the  Morris  Canal, 

shown  in  PL  VI,  B.  The  area  contributing  to  the  flow  of  the  Iligh- 
iid  tributaries  is  approximately  636.2  square  miles,  or  82.2  per  cent 

the  total  area  above  Little  Falls.  The  run-off  from  the  remaining 
.8  per  cent  could  not  be  measured  and  can  be  estimated  only  by 
,k\ng  the  proper  proportion  of  the  entire  run-off  of  the  area.  Bear- 
ig  this  in  mind,  let  us  consider  briefly  the  flow  of  water  over  Beattie's 
am  at  T-iittle  Falls,  a  plan  of  which  is  shown  in  fig.  (i. 

FLOOD  FLOW  AT  LITTLE  FALLS. 

The  rating  table  for  Beattie's  dam  consists  of  three  parts,  which  are 
adjusted  to  conform  with  the  conditions  existing  at  the  main  dam  and 
he  north  and  south  wings.     Back  of  the  main  dam  the  river  has  been 
ihed  with  stone  to  a  considerable  distance,  affording  a  very  gradual 
ilope  forward  from  the  bottom  of  the  stream  to  the  crest  of  the  dam, 
the  grade  being  approximately  5  to  1.     Bazin's  series  for  wide-crested 
Weil's  was  used  in  the  flow  calculations  at  this  point,  the  coefficients 
which  appeared  to  be  most  applicable  being  those  determined  in  Cor- 
nell University  Exi)eriment  No.  3,  under  the  date  of  May  26,  1899. 
The  north  and  south  banks  have  vertical  faces,  the  crest  in  each  case 
l)eing  alK)nt  7  fe<^t  from  the  bottom  of  the  stream.     The  series  of  Bazin 
most  nearly  conforming  to  theso  conditions  is  No.  114,  developed  for 
greater  heads  at  Cornell  Univ(»rsity  June  1,    1809,  and  denoted  ivs 
Experiment  No.  10. 

Calculating  the  flow  of  water  over  Little  Falls  dam  during  the  flood 
penod,  the  results  diagramatically  represented  in  fig.  7  are  secured. 

Inspection  of  the  accompanying  diagram  does  not  reveal  any  unusual 
characteristics.  It  is  a  conventional  flow  curve  such  as  is  usually  found 
upon  investigation  of  any  flood.  The  rise  of  water  is  considerably 
bharper  than  the  decline,  and  the  height  of  the  flood  is  maintained 
for  a  considerable  period,  arriving  at  an  apex  at  noon  on  March  2.  It 
^\\\  b«  noted  that  the  flow  curve  is  ended  with  the  value  for  March  9 
at  6  a.  m.     This  is  l)ecause  a  second  rise  in  the  waters  took  place 
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Hs  a  result  of  a  storm  which  was  entirel3'  distinct  from  those  t1 
occasionoil  the  flood  under  discussion.      Pi.  V,  A  and  B  shoisek- 
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Pici.  T.-Flow  of  Pait8aic  River  over  Beattle's  dam  at  Littlo  Falls  Pebruary  Stn  Harfc  \  '»c 

the  comparative  conditions  existinj^  in  the^orjje  during  low  wat^ra-v! 
at  the  time  of  the  flood  tinder  consideration.      It  will  be  seen  th.ii  t' 
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Fig.  8. — Comiiaratlvo  diajErramof  the  flow  from  Higrhland  trilnitaricvt  into  t^o  ceotnl t*s^ 

tho  PasHAic  and  the  flow  from  Boattie^s  dam  at  Little  Falls. 

rise  liere  is  considerably'  .2:reater  than  over  Beattie's  dam,  a  short  ii" 
tiinco  above,  denotiii<?  a  carrying  capacity  even  less  than  theito 


] 


i!Ki^^-Ar>r  I     FLOOD  STATISTICS  IN  HIGHLAND  TRIBUTARIES. 


41 


[avinii^  now  considered  the  flow  of  water  from  the  Highland  tribu- 
i<\s  into  the  central  basin  through  Little  Falls  gorge  during  the  flood 
i<Hl,  it  will  l)e  instructive  to  compare  the  two  flow  curves  and  show 

relations,  so  far  as  possible,  between  the  flow  of  the  water  into  the 
in  on  the  one  hand  and  the  flow  out  on  the  other. 
nspcetion  of  the  table  on  page  37  indicates  that  the  rush  of  water 
in  tlie  Highland  tributaries  into  the  central  basin  during  the  crucial 
~t  of  tho  flood  was  greater  than  the  flow  of  the  river  at  Little  Falls, 
is  condition  is  indicated  from  3  p,  m.  on  February  28  to  12  m.  on 
ircli  1.      It  is  clear  that  if,  to  this  flow  from  Highland  tributaries, 

add  tho  estimated  run-off  not  represented  in  the  Highland  tribu- 
-y  curve,  the  excess  of  water  delivered  upon  the  central  basin  dur- 
n;  this  short  period,  over  that  passed  through  the  Little  Falls  gorge, 
mid  be  still  greater.  It  is  interesting  to  note  that  the  excess  of 
w  at  Little  Falls  indicated  in  the  diagram,  during  the  period  between 

o'clock  noon  on  March  1  and  6  o'clock  p.  m.  on  March  7  is  nearly 
ual  to  the  calculated  flow  from  the  central  basin,  the  17.8  per  cent 

tho  drainage  area  above  Little  Falls  not  represented  in  the  High- 
nd  tributary  curve.  It  should  also  be  borne  in  mind  that  in  the 
antral  basin  the  precipitation  causing  this  flood  was  heavier  than 
sowhere  in  the  surrounding  country,"  and  this  would  in  a  large 
?^gree  compensate  for  the  excess  which  otill  appears  after  deducting 
ic  calculated  flow  of  the  17.8  per  cent  from  the  excess  of  the  Little 
alls  readings  over  those  of  the  combined  Highland  tributaries. 

Considering  flg.  8  as  it  stands,  however,  it  gives  clear  testimony 
Hat  until  a  certain  height  of  water  was  raised  over  the  central  b<asin, 
iducing,  of  course,  a  heavy  pr(\ssure  upon  the  outlet  at  Little  Falls, 
he  gorge  did  not  carry  anything  like  tlie  amount  which  wjis  subse- 
uently  observed  to  be  flowing  over  Heat  tie's  dam. 

rENERAL  FLOOD-FLOW  STATISTICS  IN  HIGHLAND  TRIBUTARIES. 

In  tho  table  below  are  given  the  general  flood-flow  statistics  in 
lighland  tributaries: 

General  ftiHxl  flmr  in  Highland  tnlmtaries. 


Mi<<iHur(<*m(mt  station. 


PawAic,  at  ChAtham 

Whippany,  at  Wbippany 

Roekaway ,  below  Boonton 

PoqnanaCfbolow  Bloomingdale 

Wanaquo,  at  Pompton 

RamaiK),  at  Pompton  Lako 


Contribut- 
inir  drain- 
age area. 


S<].  mill's. 

56.9 
125.4 

lflH.7 


Perc;ent- 
agp  of  con- 
tributinj? 
ar<>a  to  to- 
tal above 
Little 
Falls. 


12.9 

Iff.  6 
10.9 
14.2 

ari.H 


Total  nm-off 
for  eaoh  sta- 
tion. 


Cubic  fevt. 

825.847,200 

7i6.:»4,a)o 

1,737,841,000 
l.H2S».:fi2.«00 
i.CM.5.2r>K40() 

2.a(r».m9,aio 


Rnn-olT 

per  wiuaro 

mile. 


Cubic  fvvt 
H,275,OS« 
12,281,010 
i:iK-)<l,411 
21,572,240 
15.011,411 
l.'J.7:i5.n73 


Rnn-off 
in  inchen 
onwatt^r- 
Rhed. 


3.5 
5.5 
5.9 
9.8 

6.8 
5.9 


"S«H»  table  *»n  p.  'ti 
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SUBMERGED  LANDS  IN   CENTRAL  BASIN. 

Among  the  notable  features  of  the  flood  were  the  effects  of  the  ri--i: 
of  water  into  the  central  basin,  the  submerged  area,  32,(X»'  &■> 
being  of  unusual  ext-ent.     It  will  be  observed  by  inspection  of  -' 
shaded  portions  of  PL  XI  that  the  imi>ounded  waters  were  div 
into  two  distinct  areas.     The  widely  extended  and  irregular  tr** 
embracing  what  is  known  as  the  Great  Piece  Meadow,  Troy,  BU  £ 
and  Ix>ng  meadows,  Hatfield  Swamp,  and  the  Bog  and  Vly  meiiii  t. 
has  an  area   of    22,746  acres,  while    the    Great    Swamp,  sitoa--! 
farther  to  the  south  and  divided  from  the  former  acenmaUtioL  : 
water  by  the  terminal  moraine,  has  an  area  of  9,376  acres.   Tb-rv 
is  little  question  that  the  flooded  area   shown  on  PL  XI  v^«l<* 
entirely  covered  at  one  time.     The  water  first  collected  in  the  up>: 


I- 


•So; 


•       ■ 


•N    - 


"a 

*ss 

^0." 

fe<»; 

a« 

»s 

1^ 


Sec.-ft. 
25,000 


M,000 


15,000 


10.000 


5,000 


Flo.  9.— Flow  of  Pttsaaic  River  oyer  Dnndee  dam  February  9K  to  Marrb  d.  MK 


portions  of  the  swamp  land,  and  there  was  considerable  slope  tn»v^' 
the  outlet  at  Little  Falls.  In  the  latter  stages  of  the  flood  there  a^i* 
a  greater  area  of  submei'ged  land  near  the  outlet,  while  there  had  l^^^^- 
a  noticeable  recedence  above.  The  flooded  lands  will  lie  further  i  > 
cussed  under  the  section  dealing  with  damages  caused  by  the  fi^*'*^ 

The  point  of  flow  measurement  next  below  Little  Falls  is  at  Dnui^ 
dam,  a  diagrammatic  representation  of  the  gage  heig^hts  of  whi^'h*^^ 
given  in  fig.  9.  The  dam  has  already  been  partly  descriW.  1' 
extends  dii^ectly  across  the  bed  of  the  stream,  and  the  upper  v ' 
lower  faces  slope  from  the  crest.  On  the  upper  face  of  the  dum  th  "^ 
is  a  fairly  uniform  grade  of  2-1  to  the  river  bottom,  while  on  li 
lower  face  the  dam  is  built  up  of  sixteen  consecutive  st^ps,  with  U^' 
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!•»  a.nd.  1-foot  treads.  This  gives  a  slope  of  1-1,  but  on  account  of 
deterring  effect  of  the  steps  during  flood  flow  the  coefficient  to 
ipplie<l  in  determining  the  volume  of  water  passing  over  the  dam 
St  necessarily  conform  to  that  determined  for  a  batter  of  gentler 
pe.  Tlie  coefficients  selected  were  those  promulgated  in  Cornell 
iversity  Experiment  No.  8,  dated  May  30,  1899,  which  is  an  adapta- 
ti  of  tlie  Bazin  serias  No.  78  for  greater  heads.  Fig.  9  shows  dia- 
knimatically  the  flow  over  Dundee  dam  during  the  flood  of  1902. 

FLOOD  FLOW  AT  DUNDEE  DAM. 

Bxamiiiation  of  the  above  flow  curve  reveals  that  there  are  pecul- 
.'ities  in  the  rise  of  the  flood  not  noted  in  the  flow  curve  for  Deat- 
h's dam,  namely,  two  decided  checks  in  the  progress  of  the  flood. 
'om  tlie  examination  of  similar  curves  for  previous  floods  over  this 
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Pio.  10. — ^Flood  flow  curveH  over  Beattie*s  and  Dundee  dams  showing  relations. 

dam,  checks  of  this  nature  appear  to  be  a  characteristic  feature,  the 
cause  of  which  has  not  been  definitely  determined.     It  has  been  sug- 
j^ested  that  the  decrease  in  the  flow  in  former  floods  has  l)een  caused 
by  the  onrush  of  water  from   Pompton  River  which,  as  has  been 
explained,  flows  into  the  central  basin  with  the  combined  discharge 
of  the  Ramapo,  Wanaque,  and  Pequanac  rivers  from  steep  grades, 
thus  delivering  its  w^aters  before  those  of  the  more  sluggish  Passaic 
can  descend  its  sinuous  course,  and  that  when  the  force  of  the  flood 
in  the  Pompton  expends  itself  there  is  a  temporary  check  in  the  prog- 
ress of  the  rise  of  waters  below.     However  true  this  may  be  in  the 
ea8<»  of  other  floods,  it  certiiinly  does  not  apply  in  this  instance. 
There  is  no  evidence  from  the  examination  of  the  flow  curve  at  Little 
Falls  that  any  such  phenomenon  occurred,  and  what  is  more  convinc- 
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in^,  the  eheek  took  place  nearl}'  two  days  before  the  flow  fron  •  - 
l*omption  River  had  reached  its  maxiniuni.      It  is  ext^iemely  pn.'i.-.'  • 
that  these  p<HMiUaritie8  in  the  rise  of  the  flood  are  the  rfe*iilt  nf  • 
nin-off  fnmi  the  area  between  Little  Falls  and  Dundee  danL   I- 
naturally  a  quick-spillinj?  area,  having  been  divcist^  of  forfsi^A: 
containinjj;  a  comparatively  large  expanse  of  macadamized  roa*!-.  ' 
pavoil  streets.     The  lar|i^  city  of  Paterson  and  the  fturronndin;!  i-" 
emi)tics  its  entire  run-off  into  the  Passaic,  and  this  in  itsplfw... 
hiiv(»  some*  efTc'Ct  upon  the  rate  of  increase  after  j^reat  precipitati'L 
Comparison  of  the  flow  curves  in  fig.  10  seenis  to  snpportthf  n. 
t4Mition  advanced  concerning  the  canse  of  the  temporarr  cheeks  in  ■: 
progress  of  the  flood  curve  over  Dundee  dam.      It  is  exjiected  tibiT  :■ 
inci'case  in  the  flow  over  Little  Falls  dam  would  be  a  practicallv  *' 
stant  one  l^ecause  of  the  steadying  effect  of  the  great  storage  aff'r'i  • 
bv  the  meadow  lands,  and  the  steady'  rise  in  the  Little  Falls  c!ir.- 
lx?ars  out  this  idea.     The  Dundee  curv^e,  on  the  other  hand,  sho«>** 
the  beginning  every  indication  of  a  flash^^  qniek-spilling  eontrilm*  u 
area,  the  eflfects  of  which  are  not  overcome  until  the  flood  has  ailvat-^ 
to  within  one  day  of  its  maximum.     At  that  time  the  steady prv*r:* 
from  Little  Falls  seems  to  give  more  character  to  the  Dundee  c:in. 
and  the  remainder  of  the  diagram  is  conventional.     It  will  be  ni '-' 
that  the  apex  of  the  Little  Falls  curve  falls  twelve  hours  heforvirr 
of  Dundee  dam,  which  is  about  the  time  which  might  lie  e-\i»='t'-i 

■ 

to  ensue  when  we  consider  the  comparatively  large  storage  cAiei«  y 
afl'orded  bv  Dundee  I^ke. 

FLOOD  BELOW  DUNDBB  DAM. 

The  action  of  the  flood  waters  below  Dnndee  dam  was  suffici'^i's' 
difl'erent  from  those  in  the  valley  above  this  point  to  warrant  sp-*  ^» 
mention. 

The  physical  character  of  the  valley  from  the  dam  to  th^  mouth  •' 
the  river  is  strikingly  different  from  that  of  it«  other  sections,  i" 
has  l>een  stated,  it  consists  of,  first,  a  short  reach  of  4  miles  thrr/J 
the  city  of  Passaic,  with  a  total  drop  of  6  feet.  At  this  point  thf  r:^ -r 
turns  sharply  and  returns  to  its  former  direction  in  a  broad  S-^p'- 
l)end.  This  i>eculiar  bend  is  significant  in  connection  witk  the  >' 'r 
posed  change  of  the  stream's  course  during  Glacial  time.  It  abt»b.»» 
a  bearing  on  flood  conditions  in  that  it  lies  in  a  flat  basin-like  wi«Vr 
ing  of  the  valley,  and  high  waters,  especially  snch  as  come  with  m  :>  ^ 
force,  are  forced  to  leave  the  channel  and  invade  the  snrrotm'iitu 
low-lying  territory.  The  second  distinguishing  feature  is  that  W"^ 
this  point  the  river  becomes  a  tidal  estuary  13^  miles  in  length,  x^'^ 
lies  in  a  constricted  valley  which  becomes  narrower  as  the  month  < ' 
the  river  is  approached.  At  Passaic,  Belleville,  and  Newark  d(»  i^^ 
have  l>een  constructed,  which  still  further  decrease  the  natural  «i'i''' 
of  tlie  channel,  and  in  addition  to  them  a  number  of  railway  ail 
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lAvay  bridges  have  been  built  across  the  stream,  which  by  piers 
abutments  more  or  less  obstruct  the  flow. 

I  this  section  of  the  valley  population  is  dense,  and  with  the  sinj^le 
option  of  the  low-lying  i)ortion  of  the  city  of  Paterson  manufae- 
ug  and.  other  interests  are  more  seriously  affected  by  high  water  ' 

II  elsew^here  upon  the  watershed. 

'he  vraters  of  the  lower  river  fairly  followed  the  gage  heights  at 
iidee  dam  during  the  first  part  of  the  flood.  On  February  27  the 
^rs  i«rere  high;  on  the  28th  they  had  arisen  above  the  right  bank 
L^assaic  bridge  and  flooded  the  highway  at  this  point.  On  March  1 
flats  situated  above  Wallington  and  the  areas  adjacent  to  the 
or  on  both  sides  for  several  miles  below  were  flooded.  .  On  this  and 
t  f oUowlnfi:  day  water  rose  above  the  floors  of  the  highway  bridges 
l^assaic,  Rutherford,  Avendalc,  and  Belleville,  and  these  bridges 
re  in  great  danger  of  being  carried  away,  while  the  bridge  at  Pas- 
ic,  just  below  Dundee  dam,  was  lifted  from  its  foundations  and 
tni>letely  wrecked  (PL  XV,  B,)  This  danger  was  much  increased  by 
e  amount  of  debris,  especially  in  the  form  of  driftwood  from  lumber 
idH,  which  became  lodged  against  the  piers  and  bridge  sx)aus.  The 
"ie  Railroad  bridge  at  Passaic  was  threat/Cued  and  trainloads  of 
?»vy  iron  and  coal  were  placed  upon  it  to  add  to  its  stability.  On 
arch  3  and  the  days  following  the  waters  gradually  subsided  until 
le  normal  stage  was  resumed. 

FLOOD  FLOW  .OF  SADDLE  RIVER. 

In  connection  with  the  flood  in  the  lower  valley  should  l>e  consid- 
red  the  discharge  of  the  Saddle  River,  which  enters  the  I*assaic  just 
Pl)08ite  the  city  of  that  name.  Although  this  stream  joins  the  uuiin 
runk  below  the  dam  at  Dundee,  where  one  of  the  main  flow  compu- 
ations  was  made,  and  though  its  volume  was  not  included  in  the 
lischarge  curves  given  above,  it  still  seemed  to  have  an  influence  in 
welling  the  volume  of  the  waters  near  Passaic  and  Wallington  and 
ncreasing  the  damage  done  at  these  points. 

From  evidence  secured  at  Boetger  Piece  Dye  Works  at  Lodi,  the 
i^addle  River  began  to  rise  on  Friday,  February  28,  at  al)out  (>  p.  m.  It 
rose  steadily  until  Saturday  morning,  March  1,  between  2  and  3  o'clock, 
remaining  high  until  7  a.  m.  of  the  same  day.  By  5  o'clock  p.  m.  on 
Saturday,  March  1,  the  waters  had  receded  within  their  banks,  and 
gradually  declined  in  volume  for  the  next  five  or  six  days. 

No  measurement  was  made  of  its  flood  discharge,  but  on  April  12, 
VM2,  a  current-meter  measurement  showed  221  second-feet  flowing  at 
Lodi,  the  water  at  the  time  of  the  flood  being  7.6  feet  higher  than  at 
the  time  of  the  measurement. 

The  flood  on  this  river  closely  resembled  previous  flootls  in  rising  and 
retiring  quickly,  and  the  crest  of  its  flood  wave  reached  the  main  stream 
befoi*©  the  waters  from  the  other  tributaries  entered  the  lower  valley. 

Although  the  flood  crest  of  Saddle  River  did  not  play  an  imjiortant 
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part  in  the  flood  on  the  main  stream,  its  sabseqaent  discharge,  n 
larger  than  usual,  coming  in  conjunction  with  t^e  rising  watei^  u' 
main  stream,  must  have  had  its  effect  in  increasing  the  damage  r  . 
Wallington-Passaic  district. 

At  Passaic  Bridge  near  the  southern  extremity  of  the  flatexte.* 
of  the  valley  just  mentioned  the  main  line  of  the  Erie  railroad*?'-' 
the  fiats  on  an  elevated  embankment  and  passes  over  the  river  < 
drawbridge.     This  bridge  has  two  piers  in  the  river,  as  shown  ol  . 
I,  A.     Each  of  these  piers  is  surrounded  by  piling  which  in  lim^ 
high  water  catches  much  floating  debris  and  acts  as  a  t**mj^74^ 
obstruction  to  the  current.     The  distance  from  the  abutment  m    - 
right  bank  to  the  main  pier,  that  which  supporte  the  draw,  is  i*"  ^ 
and  from  the  main  pier  to  the  abutment  on  the  left  bank,  SI.'*  f- 
West  of  the  main  abutment,  as  seen  on  the  left  of  PL  I,  A.  a  h :. 
way  passes  beneath  the  elevated  tracks  througrh  a  masonry  culver 
feet  wide  at  the  base.     The  entire  discharge  from  the  watershed  of  •• . 
a  thousand  square  miles  is  obliged  to  pass  throug^h  the^  openiLjv 
which  have  a  total  width  of  350.5  feet,  and  w^hich  in  very  high  w^:-' 
are  more  or  less  contracte<l  by  the  lodgment  of  debris  again$?  : - 
piers.     During  the  flood  under  discussion  the  ^water  rose  over  the  r  *.: 
way  shown  on  the  left  of  PL  I,  ^,  and  stood  for  some  time  »bo\^  r. 
level  of  the  stone  walls  seen  on  the  extreme  left.     The  higli-'^.^' 
mark  on  the  bridge  itself  was  about  half  way  np  on  the  middle  drc- 

of  the  draw  plainly  seen  above  the  piling  in  the  picture. 

» 

HIGH-WATER  MARKS  IN  LOV/'BR  VALLEY. 

By  the  courtesy  of  Mr.  Robert  M.  Watson,  of  Wise  A  WatsoiL  eiu-:- 
neers,  of  Passaic,  N.  J.,  we  are  permitted  to  use  the  following  l*^vt:l< 
taken  at  the  time  of  high  water  at  different  points  from  Paffiaic  •' 
Belleville: 

High-trater  marks  in  lower  valley, 

[Elevations  given  are  reduced  to  the  State's  datmn.]  Ei^^~  - 

is  l»*' 

At  Enameline^s  Works,  sontherly  comer  of  Seventh  and  Worthen  i«tre«ts> 
(Dundee  district),  in  city  of  Passaic,  near  right  hank  Passaic  RiTer.   .     ^^^' 

In  engine  room  Passaic  Lnmber  Company's  mill,  northerly  comer  Lester 
and  Scott  streets,  in  borongh  of  Wallington,  Bergen  County,  N.  J 1^  *• 

On  northwesterly  fence  Standard  Bleachery  property,  at  a  point  aboot  ^) 
feet  northeast  of  Eiie  Railroad  at  Carlton  Hill,  Bergen  County,  N.  J r  *• 

On  office  building  of  Anderson  Lumber  Company,  on  right  Innk  Paasair 
River,  near  foot  of  Gregory  avenue,  in  the  city  of  Passaic  (and  on  Bivei 
Road)  - _ 14.^ 

On  entrance  to  Pagoda  Hotel,  near  right  bank  of  Passaic  River  on  Riirr 
Road,  and  about  150  feet  southwest  of  Erie  Railroad  bridge  across  Pasak* 
River,  in  the  city  of  Passaic _ 1  '  • 

On  northwesterly  comer  piazza  E.  T.  Galloway's  house,  at  easterly  corwr 
River  Road  and  Woodward  avenue,  in  the  borough  of  Rutherford.  Ber- 
gen  County,  N.  J W'' 

On  Powell's  front  sto<ip,  south  side  of  Rutherford  avenue,  about  Wi)  f«4 
southeast  of  Passaic  River _ _       ,       ..  .  U- 
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Elevation 
in  feet. 


:round  at  carriage  entrance  to  William  R.  Traviss's  estate,  on  Valley 
:K>k  avenue,  near  southerly  comer  Valley  Brook  and  Park  avenues  and 

ver  Road,  at  Lyndhurst,  Bergen  County,  N.  J 11 . 00 

it  three  inches  higher  than  wheel  guard  on  Avondale  bridge  across 

Bsaic  River,  between  Essex  and  Bergen  counties 10. 31 

hwesterly  pier  Belleville  bridge  across  Passaic  River,  between  Essex 

1  Bergen  counties 9. 21 

•oiii  these  a  profile  of  the  flood 
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t  ban  been  drawn  and  is  also 
Lided  (fig.  11).  In  the  profile  the 
ry  base  line  represents  the  ordi- 
r  mean  water  level  of  this  part 
he  river,  while  the  flood  crest  is 
esented  by  the  irregular  line 
\-i^\  at  each  point  where  levels 
B  taken  profiles  of  cross  sections 
ho  valley  have  been  inserted  to 
N  the  extent  to  which  waters 
•flowed  the  banks. 

striking  feature,  not  brought 

by  this  diagram,  is  found  in 
nection  with  the  levels  at  the 
idard  Bleachery  and  at  Passaic 
Ige,  just  above  and  below  the 
}  Railroad  bridge.  The  Stand- 
Bleachery  is  located  on  the  north 
J  of  the  Erie  Railway  embank- 
it  (about  one-third  of  a  mile 
k  from  the  stream  at  Passaic 
ige),  and  at  the  eastern  edge 
the  flat  area  on  the  left  bank 
lihe  river  on  which  also  stands 

borough  of  Wallington.  The 
achery  level  was  15.98  feet,  while 
t  on  the  north  side  of  the  bridge 
\  about  14.65  feet,  as  taken  from 
eful    levels    a    few    days    after 

waters  had  subsided.  It  has 
tn  suggested  that  the  high  level 
the  Standard  Bleachery,  which 
ms  to  be  well  authenticated, 
v  have  been  due  to  the  onrush 
the  waters  of  the  main  stream 
:ether  with  the  heavy  discharge 
Saddle  River,  which  forced  the 
ters  over  the   Wallington    flats 

i  temporarily  piled  it  up  against  the  obstructed  embankment  and 
i  rising  land  ne^-r  which  the  Bleachery  is  situated. 
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The  next  level  wa.*^  taken  at  Passaic  IJridge,  but  a  fewftf..i  ^. .; 
the  Erie  bridge  and  embankment.     This  level  was  recorded  -^ : 
feel,  a  difference  between  that  on  the   north  side  of  the  bri u.-   ; 
al)out  1  foot  (see  fig.  11).     Eyewitnesses  on  the  grouDd  aitheni  • 
the  floo<l  testified  that  there  was  a  striking  difference  in  the  bi-i 
the  water  on  the  north  and  south  sides  of  the  Erie  abulnienb. 
that  the  water  poured  between  them  as  over  a  sloping  bed. 

The  various  section  profiles  of  the  valley  aeeompanying  fig.  11  ^  * 
again  the  gradual  narrowing  of  the  valley  which  was  beforv  i^'f 't- 
to  in  the  general  discussion  of  the  river,  and  was  there  attril.  - 
to  the  i)ossiblo  change  of  drainage  which  has  taken  place  il  ^^^ 
geologic  times. 

LOSSES  CAUSED  BY  THB  FLrOOD. 

Floods  of  such  magnitude  as  the  one  under  discussion  mn-.r.' 
necessity  cause  great  damage,  but  from  the  varying  nature  ii  *> 
losses  and  the  circumstances  surrounding  them  it  is  imposssi^»l'  i- 
make  more  than  an  approximation  of  their  ainonnt. 

As  might  be  expected,  the  losses  were  greater  in  the  oentral  K.vi 
and  lower  valley  than  on  the  tributaries  in  the  Highland  aivd.  I 
the  last-named  section,  the  proportion  of  population  being  smiill.'^* 
few  industries  centering  upon  the  rivers,  there  was  littleopponc  v 
for  extensive  damage.  The  valleys  are  so  narrow  and  sl4?ep-v-i 
that  there  was  comimratively  little  flooding  of  highway's  and  v.^--. 
floors.  One  or  two  dams  were  carried  away,  notably  that  at  Tom'/^'' 
on  the  Pequanac  (PL  XII,  A)^  and  some  of  the  highways  ui  tb 
mountain  valleys  wese  flooded. 

In  the  central  biisin  the  losses  wei'C  much  greater,  being  oet-asi "lI 
by  extensive  flooding  of  farm  lands  (see  PL  XIV,  A  and  B)  iii^" ' 
ing  considerable  damage  to  stock  and  x>ersoual  property.  In  k^-'*'.' 
instances  cattle  and  horses  had  to  be  removed  to  x>lace8  of  si^Vw, 
and  suff'ered  much  from  exposure.  Barns,  eellai-s,  andhou^-*'*^ 
flooded  (see  Pis.  XII,  B,  and  XIII,  B)  and  the  inmates  wen?  cmt  '' 
by  the  waters.  The  damage  was  furthermore  much  exa^erau^i  •: 
the  unusual  duration  of  the  flood,  the  waters  remaining  on  tb  "  •' 
land^  of  the  basin  for  more  than  a  week. 

Three  railroad  lines  cross  this  portion  of  the  Passaic  watvr^h*-  - 
the  Morris  and  Essex  and  Boonton  branches  of  the  I>elawarts  U-^ 
Hwanna  and  Western  Railroad  and  the  Greenwood  I^^ke  l>raii«l  ' 
the  Erie  Railroad.  The  first  two  lines  traverse  the  basin  for  th»  is  " 
part  at  altitudes  higher  than  the  level  of  the  floo<le<1  area;  bm  >' 
Greenwood  Lake  Branch  runs  for  several  miles  over  a  sc^ction  «»f  \^ 
flat  lands  and  was  much  affected  by  the  floo<l  conditions,  -The  tm- 1* 
of  this  road  were  flooded  al)ove  Singac,  also  at  Mou  n  tain  view  ii?- 
l>elow  Pompton  Plains.  The  water  reivched  the  ties  of  its  1>^  b 
across  the  Piissaic  at  Signac  and  the  structure  was  only  held  iii  I'jt^ 
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*aiiis  lii*>jivily  loaded  with  iron  and  coal.  Just  above  this  point 
rai'k  'wu-H  washetl  over  by  tlie  overflow  from  the  left  bank  of  the 
•  iiiiil  Uirge  portions  of  its  gravel  embankment  wore  carried  away. 
uiia.t.ely  there  are  no  large  towns  located  in  the  flooded  lands  of 
iipiH^r  l>£tsin,  or  the  damage  to  individual  property'  holders  would 
.^  \K*en.  much  more  serious. 

I  a,cl<lition  to  the  injury  to  private  property  the  chief  damage  in 
part  of  the  drainage  area  consisted  in  that  sustained  by  the 
l^es  from  debris  and  floating  ice,  the  complete  susi)ension  of  travel 
o\ve  floo<ling  of  highways,  and  the  loss  and  inconvenience  due  to 
interruption  of  travel  upon  the  railn)ad  lines. 
omo.  of  the  highways  were  passable  with  difficulty,  but  man}'  of 
s<*  most  used,  especially  such  as  run  near  the  main  stream,  were 
ssod  in  many  places  by  swift  currents  of  water  from  3  to  (»  feet  in 
>th,  through  which  passage  was  impossible  except  for  the  most 
ivUy  loaded  wagons. 

riie  total  area  of  the  flooded  lands,  as  seen  by  reference  to  the  map 
tlio.  central  basin,  PI.  XI  and  various  plates  of  the  report,  was 
l>roxiiriately  32,(X)0  acres.  A  number  of  dams  were  carried  away 
tViii  tributaries  near  the  edges  of  the  central  basin,  notably  tliat 
:  the  Passaic  proper  at  Stanle3^  Fortunately  the  water  confined  by 
e.se  structures  was  not  enough  in  amount  to  seriously  damage  the 
wer  portions  of  the  valley  below  Little  Falls,  and  from  that  point  to 
K^  uiouth  of  the  river  the  damage  was  of  a  different  character. 
As  has  been  described,  the  valley  below  Little  Falls  is  compara- 
vely  narrow  and  thickly  populated,  Paterson,  Passaic,  and  the  inter- 
lining towns  being  closely  built  up  to  its  banks.  Between  Paterson 
ud  I^ittle  Falls  the  roads  on  both  sides  of  the  stream  were  flooded,  and 
lie  trolley  line — much  used  by  employees  of  factoric^s  at  Little  Falls 
A\o  reside  at  Pat^jraon  and  depend  upon  the  line  for  transportation — 
?as  completely  blocked  for  several  days.  The  pumjnng  station  of  the 
iiVHt  Jersey  Water  Company,  located  at  the  foot  of  the  main  drop  at 
kittle  Falls,  was  considerably  damaged  by  the  rise  of  waters,  which 
Vooded  its  main  floor  to  a  depth  of  several  feet,  stopping  all  oper- 
itions  and  injuring  the  pumps  and  electric  motora  which  were  tliere 
Lustalled.  PI.  VI,  B^  shows  the  water  standing  at  a  higher  level  than 
Llie  floor  of  the  pumping  station  as  seen  looking  downstream  under 
U\o  viaduct  of  the  Morris  Canal. 

Below  the  main  falls  in  Paterson  the  city  closely  confines  the  river 
on  both  banks.  The  left  bank  stretches  back  some  distance  from  the 
stream  as  a  low  bench,  which  is  built  up  with  residences.  This  sec- 
tion was  flooded  for  several  blocks  and  remained  under  water  a  num- 
bor  of  days.  Many  houses  were  damaged  by  the  water,  and  while 
the  individual  losses  were  not  heavy,  they  still  amounted  to  consid- 
erable in  the  aggregate.  On  the  right  bank  of  the  river  the  s<M»tion 
extending  several  blocks  east  of  River  street  was  under  water.     This 
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18  a  business  portion  of  the  city  and  considerable  injury  to  the  'n.^  • 
of  the  section  result-ed. 

Below  the  Great  Falls  there  are  five  bridges,  some  of  whkb  w^^ 
damaged  by  ice  and  floating  debris.     In  attempting  to  crass  ('&*: 
them,  over  which  the  water  was  flowing  with  great  force,  a  horsn  ii- 
wagon  was  swept  away  and  one  man  drowned. 

Farther  down  the  river  heavy  losses  were  sustained  in  the  eirr 
Passaic.     This  town  stands  on  the  right  bank  of  tbe  river,  as . 
several  blocks  back  from  the  stream  the  land  lies  bnt  a  few  fwt  ab  > 
the  ordinary  river  level.     Here  are  located  many  factories  and  m\.- 
together  with  a  large  factory  population.     The  waters  rose  »y  Riik 
onto  this  bench  that  it  was  impossible  for  the  owners  t-o  remove- v;Vr 
able  goods  from  the  floors  of  their  storehoases,  and  in  conseiiU*--  • 
the  losses  were  very  large.     It  is  estimated  that  the  mill  owne!^  i 
Passaic  were  losers  to  the  amount  of  $600,000,  and  that  there  were  i> : 
sonal  losses  from  residents  of  the  district  of  $200,000  more.    Tpa-** 
of  400  small  shops  are  reported  to  have  been  flooded,  the  resulri  : 
loss  to  whose  owners  can  not  be  estimated,  for  it  consisted  not  'l. 
in  damage  done  to  stock  but  damage  entailed  from  the  length  uf  t -* 
necessary  to  resume  business. 

In  and  below  Passaic  there  are  situate<l  a  number  of  lumber  }ix''- 
on  the  banks  of  the  stream.  Most  of  the  stock  there  located  wa>nL' 
ried  away,  and  some  of  it  was  lodged  against  the  piers  and  framn^  i 
of  bridges  below,  making  an  additional  cause  of  danger  t4>  ib^ 
structures,  and  in  the  case  of  the  county  bridge  at  Passaic,  thn>wr : 
it  completely  out  of  position  and  rendering  extensive  repairs  d^-*— 
sary.  A  large  amount  of  lumber  became  lodged  among  th**  pil -^ 
driven  in  front  of  the  stone  pier  which  supports  the  draw  of  tht-  Ft  •^ 
Railroad  bridge  at  Passaic.  This  accumulation  so  blocked  the  pa.N^^j- 
of  the  water  between  the  abutments  of  the  bridge  that  it  may  fu*> 
been  to  some  extent  the  cause  of  the  difference  of  levels  noted  at  c  • 
point. 

On  the  other  side  of  the  river  and  opposite  the  city  of  Passa*^  * 
located  a  considerable  settlement  known  as  WaJlington.  Thi>^'*' 
also  stands  on  a  low  river  bench  which  marked  a  former  bed  (»f  •- 
stream.  With  the  advancing  waters  the  town  was  almost  complf*'' 
flooded,  as  shown  by  PI.  XV,  A^  and  a  damage  of  not  less  than  l^"'. '' 
was  sustained  by  the  inhabitants.  The  foundations  of  the  bttiWiL:"* 
especially  those  of  brick,  seemed  to  have  been  undermined  by  Uic  * 
rent  which  swept  around  them,  and  the  buildings  were,  in  f^^' 
instances,  thrown  out  of  plumb.  Altogether,  the  damage  in  ^^^ 
neighborhood  of  Passaic  could  not  have  been  less  than  $1,000,0*''^,  as 
probably  reached  a  much  higher  figure. 

Along  the  lower  course  of  the  river  to  its  month  the  imine«lii> 
valley  was  flooded,  but  as  the  valley  is  much  narrower  in  this  port 
than  above  and  has  no  settlements  to  compare  in  size  with  Pa&^a 
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X^«fcterson,  with  the  exception  of  the  city  of  Newark,  no  gi*eat 

:^  was  done,  though  much  inconvenience  and  several  cases  of 

personal  loss  resulted. 

t^   Is   estimated  that  the  value  of  the  bridges  which  were  swept  away 

"fcl^e    flood   (PL   XV,   B)  in  various  portions  of  the  watershed 

oi^Tits  to  not  less  than  $300,000,  in  addition  to  the  losses  noted 

COMPARISON  WITH  PREVIOUS  FLOODS. 


It  ^wrill  be  of  interest  to  compare  the  flood  of  1902  in  the  Passaic 
\\loy  with  those  of  other  years.  Previous  to  1902  the  greatest  flood 
tilie  Passaic  River  for  a  century,  at  least,  occurred  in  September, 
»^*2 .  Mr.  C.  C.  Vermeule,  in  the  Report  of  the  Geological  Survey  of 
e^^v  .Jersey,  Vol.  IV,  reports  concerning  this  flood  as  follows: 

Tt\€»  flood  of  1882  was  probably  the  highest  of  this  century,  consequently  more 
3o<l  marks  are  preserved  and  a  better  recollection  prevails  of  this  than  of  other 
:>ocls.  By  inquiry  and  comparison  of  data  of  other  floods  which  I  have  obtained 
lia.^^e  been  able  to  construct  a  fairly  accurate  history  of  this  flood.  The  waters 
e^&n  to  rise  at  Dundee  and  Little  Falls  in  the  afternoon  of  the  22d,  and  rose 
teadily  for  38  hours,  when  they  reached  .16,049  cubic  feet  per  second.  They  then 
ell  off  for  about  10  hours  to  18,000  cubic  feet  per  second,  and  then  rose  until  they 
esyclied  a  maximum  66  hours  after  the  beginning  of  the  rise  of  18,265  cubic  feet 
»er  second  at  Dundee  and  19,100  cubic  feet  at  Little  Falls.  The  upper  branches 
ippestr  to  have  discharged  their  flood  waters  into  the  central  valley  within. 72 
loiirs,  and  to  have  subsided  within  their  banks.  They  reached  their  maximum 
liM<.*liarge  in  from  20  to  40  hours  after  the  beginning  of  the  rise  on  the  Passaic. 
In  tlie  following  tables  the  maximum  flows  are  obtained  from  well-defined  flood 
marks  at  dams.  The  total  discharge  is  estimated  to  be  8.18  inches  on  the  shed, 
ask  already  determined. 

Kelow  are  appended  the  leading  facts  regarding  the  flood  of  1902, 
and  also  regarding  previous  recorded  floods,  which  will  serve  as  an 
interesting  basis  of  comparison. 

Comparative  statements  concerning  Passaic  floods,  measured  at  Dundee  dam. 

[Drainage  area,  &93.7  square  miles.] 


Date  of  flood. 


February  25  to  March  9, 1902  . 

September  25,  1882* 

December  12, 1878 «» 

February  14, 1886  & 

January  3,  1888* 

January  24,  1891  » 

March  14, 1893  ft _... 

Ilay8,1893&. _ 

September  21,  1888  * 


Dura- 
tion of 
flood. 


Days. 
«12 

8 

8 

8 

8 

8 

9 

8 

8 


Dura- 
tion of 
rifie. 


Days. 
5.00 

2.75 

2.50 

2.50 

2.80 

2.50 

2.90 

8.00 

2. 75 


Maximum 
flow. 

Dura- 
tion of 
fall. 

Sec-feet. 

Days. 

a24,800 

«7.00 

18,265 

5. 25 

16, 592 

5.50 

12,452 

5. 50 

11,880 

5.20 

11,701 

5.50 

11,245 

6.10 

11,155 

5.00 

11,126 

5. 25 

Run-off: 
Inches  on 
drainage 


area. 


Incheti. 
7.1 

8.71 

3.47 

8.00 

2.77 

2.56 

8.56 

2.77 

2.89 


a  Estimated.  ffFrom  Report  of  New  Jersey  Oeological  Survey,  Part  III,  1894. 
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SUMMARY. 

From  tlH»  foivjjoiiiK  discussion  it  is  seen  that  the  Pasessiu*  l: 
is  of  iiiiiK>rlHnce,  both  on  account  of  the  large  manufacturing'  i' 
ests   whicli   deixiud  upon  it  to  a  certain  exU^nt  for  power,  aB-: 
jiccount  of  the  cities  which  usi»  it  as  a  source  of  inunicipaj  «j 
suppl}'. 

Tlio  Passaic  drainage  b^isin  is  jHiculiar  in  resi>ecl  to  its  pLr*- 
features.     Unlike  the  ortlinaiy  habit  of  river  systems,  in  whm 
tributaries  join  the  main  trunk  at  intervals  on  either  side,  reseij]  •  - 
the  veins  of  a  leaf,  the  im|K)rtant  tributaries  of  the  Passaic 'M'^ 
tlieir  watc^rs  to  the  main  stream  at  points  not  far  from  the  mul'lj 
its  course.    They,  moreover,  flow  from  a  mountainous  region  with  r^- 
fall,  and  mw^t  the  main  artery  in  a  flat,  basin -like  area  which  ti- 
l)Ocomes  flooded  at  even  ordinarily  high  sta^i^s  of  the  stream.    It  •-. 
been  seen  that  the  outlet  to  this  basin  is  a  narrow gorjjp  at /.:■ 
Falls,  restricted  at  its  lower  end  by  a  masonry  viadu<^t,  and  tkit 
times  of  very  high  water  the  gorge  is  too  small  to  accomodate  ihv  % 
charge  of  the  river,  and  extensive  flooding  of  the  basin  above  ntru!* 
It  has  been  observed  that  the  low-lying  portions  of  Paters<)n,  Paw. 
and  the  neighboring  towns  on  the  banks  of  the  river  in  its  lower «^».'* 
are  subject  to  overflow  during  high  freshets,  which  damage  inA  <  • 
individual  householders,  but  also  the  large  manufacturing  im'^r>-' 
there  located.     The  striking  physical  relations  of  the  lower  vj; 
have  also  l>een  touched  upon,  namely,  that  there  is  a  gradual  nap  ■» 
ing  of  the  valley  as  the  mouth  is  approached,  which  seems  \o  tr^' 
eongest(*d  the  outlet  of  flood  waters  in  this  portion  of  the  dmiui:- 
area. 

With  regard  to  the  conditions  preceding  and  accompanyinc  ^^^ 
flood  of  11H)2,  it  has  lyeen  observed  that  during  the  latter  part  of  F'- 
ruary  of  that  year  approximatelj^  (>  inches  of  precipitation,  e<»mpi'^' 
of  melted  snow,  sleet,  and  rain,  were  released  upon  the  frozen  <irs :: 
age  area,  and  that  much  of  this  water  passed  rapidly  into  the  i^tivam 

It  was  also  seen  that  the  mountain  tributaries  discharge*!  lir; 
volumes  into  the  central  basin,  flooding  approximately  32,iX**'  a'^^ 
of  its  area  and  doing  considerable  damage  to  farming  and  raiir'^* 
interests  there  located. 

As  indicated  from  gage  heights,  the  rise  of  water  began  ai  Dnni'^ 
dam  about  (>  p.  m.  on  February  25,  and,  after  subsiding  sligliJlv'' 
February  26  and  2S,  reached  its  maximum  of  approximately  -i'*" 
second-feet  on  March  2.  The  flow  curve  of  the  flood  over  Little  F.i  ^ 
dam  was  <iuite  similar  to  that  at  Dundee  dam,  the  ai>ex  of  the  form  ' 
occurring  a  few  hours  before  that  of  the  latter. 

In  regard  to  the  damage  done  by  the  flood,  the  most,  general  ^-i' 
mates  only  can  be  made,  but  in  Piissaic  and  vicinity,  the  seftion  vh 
probably  sufl'ered  most  severely,  $1,0(X),000  is  thought  tobea>Ei» 
approximation  of  the  losses  sustained. 
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CONCLUSIONS. 


1cm>cIh  on  the  PaHSiiie  drainage  b^isin  have  not  been  so  frequent 

srio    <lestructive  hitherto  as  to  warrant  careful  study  with  a  view 

i  t  1k3t  prevention  or  control,  but  as  property  along  the  banks  of 

^'fcx'oam  becomes  more  valuable  for  manufacturing  and  munici- 

l>\XT*poses,  and  as  i)opulation  increases,  the  time  may  soon  come 

•'iv     it  will  be  necessary  to  consider  seriously  the  habits  of  the 

.«n,ic'8  flood  waters. 

►^wing  to  the  great  demand  already  being  made  upon  the  basin  for 
iiioipal  supply,  the  future  will  doubtless  see  a  much  lietter  control 
i\  at  present  of  the  river's  waters  by  storage  reservoirs.  But, 
<*ss  great  care  is  taken  to  keep  the  reservoirs  low  at  such  times  of 
y^ar  as  floods  are  likely  to  occur,  much  the  same  conditions  may 
Ht  in  winter  seasons  as  were  found  during  the  flood  under  discus- 
i\ .  At  that  time  all  the  lakes  and  reservoirs  on  the  watershed  were 
1,  and  the  surface  of  the  ground  was  rendered  so  impervious  by 
►»t  tfiat  when  the  excessive  precipitation  came  it  literally  slid  off 
3  area  and  over  the  reservoirs  without  check.  The  discharge  tables 
i\  tlviviographs  show  not  only  great  irregularity  in  the  flow  of  the 
•cam,  but  the  occurrence  of  freshet  waters  at  almost  any  time  of 
o  year.  For  example,  excessive  high  water  occurred  in  the  last 
>ek:  of  August,  1901,  at  which  time  it  would  have  been  considered 
vwise  to  have  allowed  the  supply  reservoirs  to  run  low. 
There  is  one  way,  however,  in  which  control  could  probably  be  had 
rer  the  severest  floods  likely  to  occur  on  the  drainage  areii,  namely, 
f  the  construction  of  a  dam  across  the  Pompton  at  Mountain  View, 
*lvreen  the  eastern  extremity  of  Hook  Mountain  and  the  continua- 
oii  of  the  same  ridge  east  of  that  stream  at  the  above-named  place, 
y  this  means  the  waters  of  the  Ramapo,  Wanaque,  and  Pequanac 
ivt^rs  united  in  the  Pompton,  draining  approximately  one-half  the 
>tal  area  of  the  entire  catchment  basin,  could  be  controlled.  The 
aluo  of  such  a  dam  for  municipal  supply  has  been  pointed  out  by  the 
tate  engineer^'  and  others.  It  has  been  estimated  that  a  dam  2,200 
oot  long  and  57  feet  high  would  flood  the  flat  basin  in  the  neigh bor- 
iood  of  Pompton  Plains,  well  illustrated  in  PI.  XI,  which  includes  an 
iroa  of  about  18  square  miles.  It  would  be  practicable  to  build  the 
Vain  even  somewhat  higher,  and  thus  secure  a  greater  capacitj'  for 
ho  reservoir.  Such  a  dam  would  not  only  givc^  sufficient  storage 
•apacity  to  r(»gulat(»  excessive  fl(X)ds,  but  would  lie  of  great  advan- 
tage to  those  portions  of  the  valley  below  Pat^rson,  which  are  threat- 
(Muul  by  high  waters.  It  would  at  the  same  time  n^lieve  the  central 
basin  by  holding  back  a  portion  of  floods  until  the  waters  from  the 
vomainder  of  the  drainage  area,  approximately  one-half  of  the  total 
aroji,  could  escape  through  the  gorge  at  Little  Falls  without  seriously' 
Hooding  the  wet  lands  above  that  point. 
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^^^Tiil»  ^   t^lie  construction  of  such  a  reservoir  is  possible  fr-. : 
^ngineeriii^  sUndpointy  as  the  foundations  and  other  fea(nr^, 
dftin  si*^    «'re  good,  it  would  involve  considerable  eximse  in  n.^ 
tatiog  i*  ^^^^  *''^nmentof  portions  of  the  two  railroads  wliidi^.. 
the  regi^"»    iiamely,  the  Boonton  Branch  of  the  Delawarv.L. 
wauDft  »"  ^  Western,  and  the  Greenwood'  Uke  Branch  of  tht  b 
and  in  ftdd  i  tion  the  condemnation  of  a  considerable  amoont  of  i , 
and  f»r^     pi^pertj  in  and  around  Pompton  Plains.  Inrjewu' 
exp©*^^^^   nature  of  these  proceedings,  there  is  slight  prohabilin 
guch  A  da«i  will  ever  be  built,  but  its  construction  would,  with : 
question,  forever  prevent  the  danger  of  heavy  losses  at  jwIiinl 
lower  vaUey. 

peBtrncti ve  freshets  may,  therefore,  be  expected  to  oecnr «: 
watershed  »t  intervals  separated  by  an  undetermined  namber»f  ^i"* 
which  without  elaborate  and  expensive  engineering  works  («b!uv 
I,©  fully  controlled. 

Although  it  ma}''  be  impossible  to  satisfactorily  control  tl^  r 
waters^  the  danger  from  injury  by  them  may  be  mocb  redairi 
employing  some  means  of  systematic  warnings  of  their  appnmck 
This  could  be  done  by  establishing  gaging  stations  on  tbe  trite* 
jar  their  junction  with  the  main  stream,  where  daily  obserraiJii:'  ^ 


near 


water  heights  could  be  taken.  In  times  of  excessively  bidin 
the  conditions  at  the  various  stations  could  then  be  telepiio*^' 
Bome  central  point,  such  as  the  office  of  the  engineer  of  theS- 


for  the  Establishment  of  Useful  Manufactures,  who  would  ^t^^ 
the  returns  from  the  various  tributaries,  and  if  nwessarj^wM' 
ing  to  manufacturers  and  others  in  the  cities  of  Patersonandft'* 
of  the  approach  of  dangerous  flood  conditions,  thus  allowin?  k 
several  hours  to  remove  valuable  material  from  warehoases  W'^ 
the  water  reached  the  danger  point. 
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